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PREFACE

Animal science studies the biology, health, production and management of animals, which are of economic 
interest to humans. It integrates the studies of genetics, animal physiology, reproduction and microbiology. 
There are different areas of focus in animal science, such as food and fiber production, breeding, animal 
agribusiness, nutrition, animal behavior and welfare, etc. The branch of medicine which is concerned with 
the management, treatment and prevention of animal diseases and injuries is known as veterinary medicine. 
Research in animal science and veterinary medicine transcends all species boundaries and also works at 
human-animal interfaces such as zoonotic diseases, food safety, ecosystem health, etc. This book is compiled 
in such a manner, that it will provide in-depth knowledge about the theories and principles in the field of 
animal sciences. The topics covered in this extensive book deal with the core aspects of the biology, health 
and rearing of animals. For all readers who are interested in animal sciences, the case studies included in 
this book will serve as an excellent guide to develop a comprehensive understanding.

The researches compiled throughout the book are authentic and of high quality, combining several disciplines 
and from very diverse regions from around the world. Drawing on the contributions of many researchers 
from diverse countries, the book’s objective is to provide the readers with the latest achievements in the area 
of research. This book will surely be a source of knowledge to all interested and researching the field.

In the end, I would like to express my deep sense of gratitude to all the authors for meeting the set deadlines 
in completing and submitting their research chapters. I would also like to thank the publisher for the support 
offered to us throughout the course of the book. Finally, I extend my sincere thanks to my family for being 
a constant source of inspiration and encouragement.

Editor
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Effect of Different Levels of Live Yeast in a High  
Concentrate Diet on Performance, Blood Constituents 
and Immune System Status of Zandi Lambs  

 

 

  INTRODUCTION 
 

Different feed additives were added to animal’s diet with 
the aim of increase breeding, health and quality of products 
in animal breeding for a long time. For several years antibi-
otics were the most important feed additives that was used, 
but in the last decade, the use of antibiotics in animal hus-

bandry is in question, due to the development of antibiotic 
resistance. Research shows an association between the use 
of subtherapeutic dose of antibiotics and antibiotic resis-
tance in organisms (Amabile-Cuevas et al. 1995). In an 
effort to replace antibiotics in animal feeds, many additives 
have been proposed. Recently, alternatives for substituting 
these traditional growth promoters have been evaluated, 

A feeding trial with twenty-seven male weaned Zandi lambs (initial body weight 27.1±0.38 kg) was con-
ducted to evaluate the effect of different levels of Saccharomyces cerevisiae SC47 in diet containing high 
concentrate (85%) on the growth performance, blood parameters and immune system status. Lambs were 
allocated to one of three treatment diets in a completely randomized design with 3 replicates and 3 observa-
tions per replicate including: 1) basal diet without yeast, control diet; (CD) 2) basal diet with 3 g yeast per 
lambper day, low yeast; (LY) and 3) basal diet supplemented with 4.5 g yeast per lambper day, high yeast; 
(HY). Regarding dry matter intake (DMI), there was no significant difference among treatments (P>0.05). 
Average daily gain (ADG) was greater in HY group, but differences among treatments were not significant 
(P>0.05). Feed conversion ratio (FCR) was not significantly affected by dietary treatments (P>0.05). Dif-
ferences between concentrations of total protein, globulin and albumin/globulin ratio (A/G) were significant 
(P<0.05). The highest amount of total protein and globulin was observed in LY group (P>0.05). Lambs in 
CD group had the highest amount of A/G ratio. No significant differences were found for the hematology 
results (P>0.05). No significant differences were detected in differential white blood cells, except neutrophil 
band that was greater in HY group at the twelfth week (P<0.05).It is concluded that the use of dietary live 
yeast in high concentration can improve performance (P>0.05), plasma biochemical metabolites(P<0.05) 
and hematological parameters (P>0.05) in Zandi lambs.  

KEY WORDS   blood  constituents,  fattening  Zandi  lambs, high  concentrate,  immune  system,  live 

yeast, performance. 
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probiotics, prebiotics and ionophores are examples of these 
promoters (Heinrichs et al. 2003). The probiotics are classi-
cally defined as live microbial dietary supplements that 
when administered through the digestive tract, cause a posi-
tive impact on the host’s health by improving gut micro 
flora (FAO, 2002; Salminen et al. 1996; Fuller, 1989). 
Studies on the beneficial impact of probiotics on animal 
performance have indicated that probiotic supplementation 
could have positive effects (Miles et al. 1981). One of the 
most common probiotics in ruminants, are Saccharomyces 
cerevisiaeyeast (SC). The use of SC as a probiotic, began 
during the 1940’s and 1950’s (Beeson and Perry, 1952). 
Live yeast consumes free oxygen in the rumen with respira-
tion, so provides an anaerobic environment that proper for 
rumen metabolic function (Newbold et al. 1995). Enzymes, 
vitamins, saccharides [β-glucans (βGs) and mannan oligo-
saccharides (MOSs)] found in yeast cell walls have immu-
nomodulative properties. MOSs are capable of neutralizing 
pathogenic bacteria, and they support βGs in the process of 
stimulating defense mechanisms (Małaczewska and 
Milewski, 2010). Other metabolites produced from yeast 
fermentation may have benefit on performance and health 
of animals. The main target of using yeast for growing lamb 
is to increase the breakdown of dietary fiber and protein 
that lead to increase microbial protein as a main source of 
amino acids in the small intestinal, consequently, improve 
growth. Moreover, SC yeast has biologically valuable pro-
teins, vitamin B-complex, important trace minerals and 
several unique plus factors. Many other beneficial effects 
identified such as improve performance (Glade and Sist, 
1988; Martin et al. 1989) and feed efficiency (Onifade and 
Babatunde, 1996), affects on ruminal pH by reducing activ-
ity of lactic acid producer bacteria and thus reduce ruminal 
acidosis and metabolic disorders (Williams, 1989; Guedes 
et al. 2008; Thrune et al. 2009), enhance the immune re-
sponse (Keyser et al. 2007), ability to enhancement of 
phosphorus availability (Glade and Biesik, 1986; Brake, 
1991; Moore et al. 1994) and utilization by animals 
(Erdman, 1989; Pagan, 1990), reduction in cases of disease 
infection (Line et al. 1997). However, the results of using 
the SC in ruminants are contradictory because of this fact 
that in many cases no influence or opposing and many un-
clear results have been shown (Masek et al. 2007). The lack 
of positive results: (Mikulec et al. 2010), can be related to 
biotic factors such as amount and yeast viability and to 
abiotic factors such as diet sources and animal management 
(Sales, 2011). One of the most important reasons for such 
inconsistent results is diet composition. Young animals 
with high growth potential, need the diets with high protein 
and energy content according to (NRC, 1985), which can 
hardly be achieved in an exclusive forage diet. So, to obtain 
high performance, they should be fed with a high propor-

tion of concentrate diets. Yeasts are most efficient when 
animals are fed diets overloaded in energy and thus easily 
fermented by rumen microorganisms (Williams et al. 1991) 
or diets poor in nutrient supply (Jouany et al. 1998). Con-
sumption of large amounts of readily fermentable carbohy-
drates can change the rumen fermentation pattern. This 
function can increase production of short chain fatty acid-
sand lactate, and decrease pH, which affect the amounts of 
cellulolytic bacteria and reduces fiber digestibility and the 
production of microbial mass (Mackie et al. 2002). There-
fore, it is necessary to control fermentation and use addi-
tives to maintain rumen health and improve animal produc-
tion. So, the objective of current study was to investigate 
the effect of different levels of live yeast SC47 in diet con-
taining high concentrate (85%) on the growth performance, 
blood constituents and immune system status of Zandi 
lambs. 

 

  MATERIALS AND METHODS 
Animals, diets and experimental design 
Feeding trial with twenty-seven male weaned Zandi lambs 
(initial body weight 27.1±0.38 kg and 90±5 days-old), that 
were grouped based on body weight, were conducted to 
evaluate the effect of different levels of Saccharomyces cer-

evisiae SC47 (biosaf probiotic) in supplemental diet on the 
growth performance, blood constituents and immune sys-
tem status. Lambs were grouped based on body weight, ear 
tagged and vaccinated against internal and external para-
sites, and were allocated to one of three dietary treatments 
in a completely randomized design with 3 replicates and 3 
observations per replicate including: 1) basal diet without 
yeast, control diet; (CD) 2) basal diet with 3 g yeast per 
lambper day, low yeast; (LY) and 3) basal diet supple-
mented with 4.5 g yeast per lambper day, high yeast; (HY). 
Basal diet was consisted of commercial concentrate and 
hays. Ingredients and chemical composition of basal diet 
according to the dietary nutrient requirements for lambs 
(NRC, 1985) are provided in Table 1. The lambs were 
adapted to feed about 2 weeks. During these 2 weeks, feed 
intake was restricted to 3.5% of body weight (BW), based 
on the average BW within a pen, to allow animals to adapt 
to the change in diet and to prevent the occurrence of diges-
tive disorders. After the adaption period to the end of ex-
periments (twelve weeks), they were fed three times a day 
(7:00 a.m., 13:00 p.m. and 19:00 p.m.) with a total mixed 
ration (TMR) diet. Each pen had an automatic water cup so 
they had free access to water all times. 
 
Sampling, measurement and analyses 
Food intake was measured daily (before the morning feed-
ing) and DMI was calculated.  

2 Animal Sciences: Biology, Health and Rearing
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This value was expressed as grams DMI per day (g/day). 
Lambs live weight was measured at the beginning of the 
experiment and every two weeks interval (before the first 
meal) and ADG was calculated. This value was expressed 
as grams ADG per day (g/day). Blood samples were col-
lected at the days of 0, 42 and 84, at 10:00 h, through jugu-
lar vein (10 mL into sterile tubes containing ethylenediami-
netetraacetic acid (EDTA) solution) and analyzed for con-
centration of plasma biochemical indicators (total protein, 
albumin, globulin, A/G ratio, blood urea nitrogen (BUN) 
and cholesterol), hematological parameters [white blood 
cells (WBC), red blood cells (RBC), hemoglobin (Hb), 
platelets (PLT) and differential white blood cells]. 
 
Statistical analysis 
Data were analyzed by the general linear model (GLM) 
procedure of the Statistical Analysis System software (SAS, 
1997), in a completely randomized design with three treat-
ments and three replicates. The shapiro-wilk and kolmo-
gorov-smirnov tests were used to confirm normal distribu-
tion of data. Initial body weight and the first series of each 
parameters of concentration of plasma biochemical indica-
tors, hematological parameters (blood cellular elements) 
and differential white blood cells, were used as a covariant. 
Means were obtained by LSMEANS procedures and PDIFF 
was used to compare means. Effects between the control 
and experimental groups were considered significant when 
(P<0.05) and finally results were presented as least square 
means with standard error of the means (SEM). 

 

  RESULTS AND DISCUSSION 
Performance 
Least square means and SEM for effect of different levels 
of yeast supplement on performance of Zandi lambs are 
presented in Table 2. Considering DMI, there was no sig-
nificant differences among the dietary treatments (P>0.05). 
So we can conclude that, live yeast (Saccharomyces cere-

visiae SC47) has no significant effect on feed intake and 
appetite, and this may explain the lack of effect for the av- 

 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Ingredients and chemical composition of basal diet 

 Ingredients Amount (%) Chemical composition 

Alfalfa hay1 13 Dry matter (%) 88.6 

erage daily gain and feed conversion ratio, because the dry 
matter intake and available nutrients concentration in food, 
determine the amount of nutrients used to meet demands for 
maintenance and production. In agreement with our results, 
other authors also did not find any improvement in DMI 
after yeast addition to lamb diets (Mikulec et al. 2010; 
Hernandez et al. 2009).  

But in some study an increase in dry matter intake was 
observed when yeast was fed to bulls (Galina et al. 2006) 
and lambs (Desnoyers et al. 2009; Rezaeian, 2004). Aver-
age daily gain was greater in HY group compared to the 
others throughout the experiment, but the differencewas 
notstatistically significant (P>0.05). 

Similar to the results of our study, Mandour et al. (2009) 
and Antunovic et al. (2006) reported higher, but not signifi-
cant, ADG for lambs fed diet enriched with probiotics. In 
contrast, Milewski et al. (2009) and Ding et al. (2008) re-
ported higher ADG in fatting lambs fed diet enriched with 
probiotics. Feed conversion ratio was not significantly af-
fected by treatments (P>0.05), but at the end of trial, lambs 
in group HY consistence with ADG had the best total FCR. 
In Agreement with our results, some of authors also did not 
find any improvement in FCR after yeast addition to lamb 
diets (Khalid et al. 2011; Mikulec et al. 2010). In contrast 
to our results, Ding et al. (2008) and Masek et al. (2007) 
reported better FCR in fatting lambs fed diet enriched with 
probiotics. 
 
Plasma biochemical indicators 
Results of different levels of yeast supplement on concen-
tration of plasma biochemical indicators of Zandi lambs are 
presented in Table 3. Except for total protein in the twelfth 
week, for the other periods the highest and lowest amounts 
of total protein and globulin was observed in LY and CD 
groups, respectively (P<0.05). In general, sub-acute acido-
sis can cause intestinal inflammation in animals that this 
situation will have a negative effect on the digestion and 
absorption, which one of the consequences is impaired di-
gestion and absorption of protein and thus reduction in 
plasma total protein.  

Wheat straw1 2 Crude protein (%) 16.6 

Barley 60 Total digestible nutrients (%) 77.9 

Soybean meal 6 Metabolizable energy (Mcal/kg) 2.81 

Wheat 12 Calcium (%) 0.54 

Wheat bran 5 Phosphorus (%) 0.32 

Limestone 0.5 Potassium (%) 0.89 

Mineral and vitamin premix2 1 Ca/P ratio 1.68 

Sodium bicarbonate 0.5 - - 
1 Hays approximately chopped into particles of 3 cm. 
2 The mineral-vitamin premix contained per kg: Cu: 500 mg; Zn: 6500 mg; I: 100 mg; Co: 10 mg; Se: 10 mg; Mn: 1000 mg; Fe: 4000 mg; Antioxidant: 12500 mg; vitamin A: 
2000000 IU; vitamin D: 220000 IU and vitamin E: 2500 IU. 

840-833, )4(6) 6201(Animal Science 
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The results showed that the yeast had no significant ef-
fect on plasma albumin (P>0.05) concentrations. Lambs in 
CD group had the highest A/G ratio and BUN, while the 
lowest amounts of these plasma biochemical indicators 
were seen in groups supplemented with yeast. Low but not 
significant concentrations of BUN in response to probiotic 
supplements can be due to increase ability of the rumen 
microflora in trapping ammonia (Abo El-Nor and Kholif, 
1998). BUN is an indicator of the protein status in rumi-
nants (Sykes, 1978) and its concentration is related to the 
level of ammonia absorption from the rumen and the 
deamination of amino acids not deposited in the tissues 
(Deaville and Galbraith, 1992). 

 Table 2 Effect of different levels of yeast supplement on performance of Zandi lambs 

Treatments
Item SEM

Control Low yeast High yeast

27.35 27.65 26.25 0.379Initial weight (kg)

DMI (g/day)
First 4 weeks 1185.3 1161.1 1173.9 5.76

Second 4 weeks 1379.0 1361.2 1374.6 4.32

Third 4 weeks 1580.5 1562.0 1573.4 4.49

Total DMI 1381.6 1361.4 1374.0 4.49

ADG (g/day)
First 4 weeks 183.3 220.8 243.3 15.75

Second 4 weeks 269.5 252.3 278.3 9.84

Third 4 weeks 273.4 261.4 279.7 12.74

Total ADG 242.1 244.8 267.1 10.20

FCR
First 4 weeks 6.61 6.35 6.14 0.620

Second 4 weeks 5.18 5.80 5.04 0.239

Third 4 weeks 6.46 6.26 5.89 0.361

Total FCR 5.89 5.86 5.33 0.250
DMI: dry matter intake; ADG: average daily gain AND FCR: feed conversion ratio. 
SEM: standard error of the means. 

 

 

Table 3 Effect of different levels of yeast supplement on concentration of plasma biochemical indicators of Zandi lambs

Treatment 
Item SEM 

Control Low yeast High yeast 

Sixth week 

Total protein (g/dL) 6.95ᵇ 7.57ᵃ 7.15ᵇ 0.105

Albumin (g/dL) 3.95 3.98 3.93 0.067 

Globulin (g/dL) 3.06ᵇ 3.63ᵃ 3.10ᵇ 0.085

Another possibility for the lower BUN concentration is 
that additives promote the utilization and deposition of ni-
trogen in tissues. No significant differences were detected 
in cholesterol levels between the different groups (P>0.05). 
Probiotics that can reduce the intestinal pH, could contrib-
ute to the regulation of serum cholesterol concentrations by 
its relationship with bile acids. In the acidic conditions of 
the intestine, because of the inability to re-absorption of 
bile acids at the end of intestine, excretion of bile acids is 
enhanced and therefore serum cholesterol, as a precursor of 
bile acids, used to rebuild the bile (De Smet et al. 1994). 
Since in the current study Saccharomyces cerevisiae SC47 
did not reduce the intestinal pH, we did not found  any

A/G ratio 1.31ᵃ 1.09ᵇ 1.27ab 0.040

BUN (mg/dL) 17.77 16.76 16.62 0.457 

Twelfth week 

Total protein (g/dL) 6.25 6.52 6.30 0.132 

Albumin (g/dL) 3.73 3.56 3.23 0.098 

Globulin (g/dL) 2.48ᵇ 2.94ᵃ 2.92ᵃ 0.079

A/G ratio 1.50ᵃ 1.21ᵇ 1.11ᵇ 0.050

Cholesterol (mg/dL) 60.50 68.83 59.16 2.577 

BUN (mg/dL) 18.56 18.30 18.23 0.680 
A/G ratio: albumin/globulin and BUN: blood urea nitrogen. 
SEM: standard error of the means. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
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significant differences in serum cholesterol levels between 
the different groups. In agreement with our results, other 
authors reported similar results for some concentration 
of plasma biochemical indicators after yeast addition to 
lamb diets (Khalid et al. 2011; Mukhtar et al. 2010; Bruno 
et al. 2009; Masek et al. 2008). 

Hematological parameters and differential WBC 
Results of different levels of yeast supplement on concen-
tration of hematological parameters and differential WBC 
of Zandi lambs are presented in Tables 4 and 5, respec-
tively. Overall no significant effects were recorded on the 
hematology results (P>0.05). However, the highest amount 
of WBC was seen in yeast-supplemented groups (P>0.05). 
There was an increase in values for hemoglobin in LY and 
HY groups at the twelfth week (P>0.05).  

 

 

Probiotics can reproduce and develop in the gut wall as a 
living cell, or can capture antigens released by dead micro-
organisms, and by different ways, stimulate the immune 
system and its components (Fuller, 1977). Live yeast did 
not modify value of RBC and PLT in the experiments and 
we observed only a slight increase in RBC in group HY at 
the end of trial (P>0.05). No significant differences were 
detected in differential white blood cells, except neutrophil 
band that was greater in HY group at the twelfth week 
(P<0.05). Probiotics can stimulate and strengthen the im-
mune system by increase of macrophage activity, which 
this act appears by increasing the ability of phagocytosis of 
microorganisms. One of this phagocytosis of organisms is 
neutrophil, that increase in the number of neutrophils band, 
in response to supplementation of probiotic, can be stimu-
lated macrophage activity (Tizard, 2008; Fuller, 1992).  

 
 
 

 

 

Table 4 Effect of different levels of yeast supplement on hematological parameter (blood cellular elements) of Zandi lambs 

Treatment
Item

Control Low yeast High yeast
SEM

Sixth week

WBC (×1/µL) 8474 8556 11393 708.3

RBC (×106/µL) 13.65 13.51 13.43 0.285

Hb (g/dL) 11.01 11.04 11.02 0.201

PLT (×105/µL) 4.57 3.95 4.41 0.404

Twelfth week

WBC (×1/µL) 9259 9277 12612 1009.6

RBC (×106/µL) 13.72 13.80 14.32 0.288

Hb (g/dL) 10.88  11.39 11.40 0.175

PLT (×105/µL) 4.61 4.31 4.62 0.449
WBC: white blood cells; RBC: red blood cells; Hb: hemoglobin and PLT: platelets. 
SEM: standard error of the means. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 

Table 5 Effect of different levels of yeast supplement on differential white blood cells of Zandi lambs

Treatment
Item

Control Low yeast High yeast
SEM

Sixth week 

Neutrophil segmented (%) 33.36 35.12 33.67 1.317 

Neutrophil band (%) 0 0 0 0 

Lymphocyte (%) 64.54 63.73 64.05 1.303 

Abnormal lymphocytes (%) 0 0 0 0 

Basophil (%) 0 0 0 0 

Monocyte (%) 0.50 0.33 0.33 0.143 

Eosinophil (%) 1.66 1 1.66 0.217 

PCV (%) 33.50 33.33 32.88 0.704 

Twelfth week 

Ne 29. 32. 34. 1.4utrophil segmented (%) 28 34 53 56 

Ne 0ᵇ 0ᵇ 0.5 0.090utrophil band (%) 0ᵃ

Ly 68. 66. 63. 1.4mphocyte (%) 99 56 61 77 

Ab 0 0 0 0 normal lymphocytes (%) 

Ba 0 0 0 0 sophil (%) 

Mo 0.3 0.1 1 0.2nocyte (%) 3 6 02 

Eo 1.3 0.8 0.5 0.2sinophil (%) 3 3 0 27 

PCV (%) 30.42 32.66 32.48 0.573 
SEM: standard error of the means. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
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The immune stimulating effect of SC was ascribed to the 
activity of βGs and MOs presented in yeast cell walls 
(Milewski et al. 2007). This mechanism involves the stimu-
lation of immune competent cells, mainly by βGs (Xiao et 
al. 2004; Siwicki et al. 2004). βGs activate intercellular 
defense mechanisms where macrophages, T-cells and NK 
cells play the key role (Demir et al. 2007). 

The specific ability of MOs to bind selected pathogenic 
microbes has a profound effect on the organism’s health 
status. MOs blocks microbial lectins and prevent pathogens 
from colonizing the host’s gastrointestinal system (Sharon, 
2008). MOs are not degraded by the digestive enzymes of 
the small intestine, therefore, the attached pathogens are 
more easily excreted (Spring et al. 2000). In this study, 
where the experiment was conducted, was cleared from 
contamination and infection and the possibility of create 
any stress for the lambs was the lowest rate, that it could be 
one of the factors of lack of response expected for health 
and immune system. In agreement with our results, 
Mohamadi and Dabiri (2012) reported that WBC and dif-
ferential white blood cells (neutrophil, monocyte and lym-
phocyte) were unaffected by probiotic, prebiotic and syn-
biotic in Holstein female calves (P>0.05). 

Mandour et al. (2009) reported that WBC, RBC, neutro-
phil, lymphocyte, hemoglobin and albumin were unaffected 
by bio-nutra probiotics in Awassi, Najdi and Najdi cross-
bred male weanded lambs (P>0.05) and Shim (2005) re-
ported too that, hematological traits (WBC count, neutro-
phil, monocyte, lymphocyte and hemoglobin) were unaf-
fected by prebiotic, multi-strain probiotic and synbiotic in 
weaned pigs (P>0.05). In contrast, the results of experi-
ments conducted on suckling lambs (Milewski et al. 2009) 
and cattle (Dobicki et al. 2005; Dobicki et al. 2007) indi-
cate that yeast preparations have a favorable effect on the 
animals immune system and values of WBC, Hb and lym-
phocyte were affected by yeast (P<0.05). Onifade et al. 
(1999) and Onifade (1997) reported a positive correlation 
between dietary levels of SC with the hematological pa-
rameters like WBC, RBC and hematocrit or packed cell 
volume (PCV) in rabbit and broiler chickens. They sug-
gested that theses correlations may be an additional mecha-
nism growth promotion by supplemental yeast. Recent 
studies indicated that yeast components may interact with 
immune systems and triggering immune responses 
(Muchmore et al. 1990; Davis et al. 2004). 

 

  CONCLUSION 
In the present study, the use of live yeast (Saccharomyces 
cerevisiae SC47) in diet containing high concentrate could 
improve performance (whit not significantly different, 
(P>0.05)), concentration of plasma biochemical indicators 

(whit significantly different, (P<0.05)) and hematological 
parameters (whit not significantly different, (P>0.05)) of 
Zandi lambs. Greater ADG and better FCR were seen in the 
group of lambs that fed with 4.5 gr yeast per lambs (HY 
group), that could probably be due to improved cellulolytic 
bacteria in the rumen of lambs fed probiotics supplemented 
diets and reduce the risk of acidosis compared to other 
groups specially control group, but differences between 
groups have not been statistically significant (P>0.05). 
Blood parameters which related to immune system, were 
unaffected by treatments. This could be due to good hygi-
enic provided to the lambs. The differences in the type and 
amount of food consumed, type of probiotic or how to use 
it can be the reason of difference between results of this 
study and results of other researchers. 
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In vitro Assessment of the Effect of Plant Extracts on 
Digestibility, Estimated Energy Value, Microbial  
Mass and Rumen Fermentation Kinetics  

 

 

 

  INTRODUCTION 
 

In the recent years, the use of plant extracts in dairy cattle 
rations have been considered worldwide by ruminant nutri-
tionists especially after the prohibition of growth promoting 
antibiotics by the (EC number 1831/2003; European Union, 
2003), because plant extracts were believed to be natural, 
safe and efficient without negative side effects. Secondary 
metabolites present in the natural plant extracts can modify 
rumen fermentation kinetics and improve milk production 
in dairy cattle (Alexander et al. 2007; Benchaar et al. 2008; 
Hart et al. 2008; Naseri et al. 2012; Naseri et al. 2015). It 

has also been observed that secondary metabolites sup-
pressed protozoal populations, increased bacterial and fun-
gal populations, propionate production, microbial yield and 
efficiency of microbial protein synthesis (EMPS), increased 
dietary dry matter (DM), organic matter (OM) and neutral 
detergent fibre (NDF) degradation and reduced dietary 
crude protein (CP) degradation and methanogenesis. A 
number of fast and cost-effective in vitro gas measurement 
methods have been used by several groups to evaluate the 
nutritional value of feedstuffs and kinetics of rumen fer-
mentation (Getachew et al. 1998; Getachew et al. 2004; 
Makkar, 2005; Mirzaei-Aghsaghali et al. 2011a; Naseri et 

Three ethanol extracts, chamomile (CHA), clove (CLO) and tarragon (TAR), were tested at five doses (0, 
250, 500, 750 and 1000 µL/L) to determine their effects on in vitro organic matter digestibility (IVOMD), 
metabolizable energy (ME), net energy of lactation (NEL), short-chain fatty acids (SCFA), microbial mass 
(MM) and rumen fermentation kinetics of a 40:60 forage: concentrate diet using in vitro gas production. 
These three extracts had significant effects on gas production kinetics. CHA (at 500 µL/L dose) and CLO 
(at 1000 µL/L dose) decreased (P<0.05) potential gas production. The initial gas production rate constants 
(c) was increased (P<0.05). However, CHA, CLO and TAR ethanol decreased (P<0.05) later gas production 
rate constants (d). Lag time (h) was decreased (P<0.05) due to addition of CHA and TAR ethanol (at 750 
µL/L dose), and CLO (at 500 and 1000 µL/L doses). TAR and CLO ethanol did not affect fermentation rate 
(h-1), but CHA at 1000 µL/L increased it. The TAR and CLO ethanol did not affect IVOMD, ME, NEL, 
SCFA and microbial mass. However, organic matter digestibility, ME, NEL, SCFA and microbial mass 
were increased by addition of CHA ethanol at 750 and 1000 µL/L doses. Results suggest that CHA, CLO 
and TAR ethanol extracts at appropriate doses may have potential to improve the rumen fermentation kinet-
ics and nutritive value of ruminant diets due to secondary metabolites contents.  

KEY WORDS  in vitro gas production, plant ethanol extract, rumen fermentation kinetics. 
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al. 2015). These methods can provide useful data on fer-
mentation kinetics of feedstuffs, prediction of feed intake 
(Khazaal et al. 1995; Mirzaei-Aghsaghali et al. 2011b), 
digestibility, and microbial nitrogen supply, amount of 
short-chain fatty acids, carbon dioxides and metabolizable 
energy of feeds for ruminants (Menke and Steingass, 1988; 
Babayemi, 2007; Mirzaei-Aghsaghali et al. 2008b; Mirzaei-
Aghsaghali et al. 2008a; Maheri-Sis et al. 2008; Maheri-Sis 
et al. 2007). The ease of measuring fermentation end-
products makes these methods more preferable (Makkar, 
2005). 

This work aimed to evaluate the in vitro gas production 
kinetics and estimate the in vitro organic matter digestibil-
ity (IVOMD), metabolizable energy (ME), short-chain fatty 
acids (SCFA), net energy of lactation (NEl) and microbial 
protein production of high-concentrate diet for dairy cattle 
after supplementing the feed material with ethanol extract 
of chamomilla (Matricaria chamomilla), clove (Syzygium 
aromaticum) and tarragon (Artemisia dracunculus).  

 

  MATERIALS AND METHODS 
Selection of plants 
Three medicinal plants: chamomile, clove and tarragon 
were selected on the basis of their traditional usage for the 
various digestive ailments, and in the light of recent litera-
ture (Patra, 2011). 
 
Preparation of plant extract 
Chamomile and tarragon leaves used in this study were 
collected at vegetative stage from Abidar Mountains and 
clove buds were purchased from local markets in Sanandaj 
(longitude 46.99 ˚E, latitude 35.32 ˚N and Köppen-Geiger 
climate), Iran. Approximately 100 g of fresh chamomile 
and tarragon leaves were cut into small pieces, placed into a 
blender (Saya Quick, QMC-20) and added 80 mL 70% 
ethanol then they were well blended three times for 5 min-
utes per time. The blended material was squeezed through 
four layers of muslin cloth into the labeled beaker and fi-
brous materials discarded. The combined filtrate was fil-
tered using Whatman No.1 filter paper, and then transferred 
to a round-bottom Buchi flask. Also, the clove buds crushed 
into small pieces, oven-dried at 39 ˚C and ground to pass a 
1mm screen. Fifty of ground sample was weighed into a 
250 mL conical flask and added 200 mL 70% ethanol. The 
extraction was completed by placing the flasks in a shaker 
at 22 ˚C and 200 rpm for 24 h. Contents of the flask were 
squeezed through four layers of muslin cloth into the la-
beled beaker and fibrous materials discarded. The com-
bined liquid phase was filtered using Whatman No.1 filter 
paper and then transferred to a round-bottom Buchi flask. 
Finally, ethanol was evaporated by using a vacuum evapo-

rator (Heidolph Laborota 4011 digital) at 40-50 ˚C until the 
ethanol-streak stopped on the side of the bottle. The re-
maining concentrate was resuspended in 10 mL water, 
transferred into 10 mL sterile anaerobic crimped serum 
vials, and stored at -20 ˚C. 
 
Inoculum and substrate 
The inoculum was prepared according to the method of 
Tilley and Terry (1963). Briefly, rumen fluid was obtained 
from three rumen cannulated rams before the morning feed-
ing. The rumen fluid was mixed on volume basis then it 
was bubbled with CO2 for approximately 2 min and 
strained through four layers of cheese cloth. The incubation 
inoculum was prepared by diluting the fluid inoculum with 
the buffer (Tilley and Terry, 1963) in a 1:4 (V/V) ratio and 
stirring in a water bath at 39 ˚C with purging CO2 until its 
use. The ration of the rams consisted of 40% alfalfa, 35% 
barley grain, 15% corn grain, 9% soybean meal, 0.5% salt 
and 0.5% vitamin-mineral premix. The substrate used in the 
in vitro ruminal fermentation was at 40:60 for-
age:concentrate ratio, formulated for dairy cattle (Table 1), 
oven dried (at 39 ˚C for 72 h) and finely ground to pass 
through a 1 mm screen. 
 
In vitro gas production 
The method used for gas production measurements was as 
described by Theodorou et al. (1994). Approximately 250 
mg dry matter (DM) of substrate was weighed into 100 mL 
sterile tubes, kept at 39 ˚C. Plant extracts were added at 
different volumes (0, 250, 500, 750 and 1000 µL/L). Each 
sample was incubated in three replicates. Thirty milliliters 
of incubation inoculum (in the proportion of 20% rumen 
fluid+80% buffer) prepared (as described in the inoculum 
and substrate) and by flushing CO2 before was anaerobi-
cally dispensed in each tube at 39 ˚C. The samples were 
swirled to mix the contents and placed in ashaker incubator 
(Thermoshaker Gerhardt) at 39 ˚C (Blümmel and Ørskov, 
1993). The pressure of gas produced in each tube was re-
corded using a pressure transducer (Testo 512; Testo Inc., 
Germany) at 0, 2, 4, 8, 16, 24, 48 and 72nd h of incubation. 
To estimate the kinetics of gas production, data on cumula-
tive gas volume produced were fitted using the generalized 
Mitscherlich model, proposed by France et al. (1993): 
 

 
Where:  
G (mL): denotes cumulative gas production at time t.  
A (mL): asymptotic gas production.  
c (h-1): initial gas production rate constant.  
d (h-1/2): later gas production rate constant rate constants.  
L (h): lag time. 
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Calculation  
The half-life (t1/2, h) of the degradable fraction of substrate 
was calculated as the time taken for gas accumulation to 
reach 50% of its asymptotic value. The fractional degrada-
tion rate at t1/2 (µ1/2, h

-1) was calculated as: 
 

 
 
The metabolizable energy (MJ/kg DM) content of the sub-
strate and in vitro organic matter digestibility were calcu-
lated using the equations below (Menke et al. 1979) as: 
 
ME (MJ/Kg DM)= 2.20 + 0.136 GP + 0.0057 CP + 0.00029 
EE2 
 
IVOMD (%)= 14.88 + 0.889 GP + 0.45 CP + 0.0651 XA 
 
Where: 
GP: 24 h net gas production (mL/250 mg-1).  
CP: crude protein (%).  
EE: ether extract (%). 
XA: ash content (%). 
 

Short-chain fatty acid (SCFA) content was calculated us-
ing the equation of Makkar (2005); Maheri-Sis et al. (2007) 
and Maheri-Sis et al. (2008): 
 
SCFA (mmol)= 0.0222 × GP – 0.00425 (Makkar, 2005). 
 
Where:  
GP: 24 h net gas production (mL/250 mg-1). 
 

Net energy for lactation (NEL) was calculated using the 
equation of Abas et al. (2005) as follows: 
 
NEL (MJ/kg DM)= 0.115 GP + 0.0054 CP + 0.014 EE -
0.0054 CA - 0.36 
 

Microbial mass (mg) was estimated using equation of 
Blummel et al. (1997): 
 
Microbial mass (mg)= mg substrate truly degraded (OMD) 
- (GP×stoichiometrical factor) 
 
The stoichiometrical factor was 2.20. 
 
Chemical analysis 
The substrate was analysed for DM (24 h at 103 ˚C), ash 
and organic matter (OM) (4 h at 550 ˚C), CP content was 
adapted for an automatic distiller Kjeldahl apparatus 
(Kjeltec Auto 1030 Analyser; Tecator, Höganäs, Sweden) 

and using CuSO4/Se as catalyst instead of CuSO4/TiO2, 
ether extract using petroleum ether for distillation instead of 
diethyl ether (AOAC, 1990). The neutral detergent fibre 
(NDF) contents were determined as described (Van Soest et 
al. 1991). 
 
Statistical analysis 
Data were subjected to analysis of variance (ANOVA) us-
ing the general linear model (GLM). Significant differences 
between individual means were identified using Duncan’s 
test (all pairwise multiple comparison procedures). All 
statements of significance were based on a probability of 
(P<0.05) (SAS, 1996). 
 

  RESULTS AND DISCUSSION 
Chemical composition 
The chemical composition of diet which used as fermenta-
tion substrate is shown in Table 1. 
 
 
 
 
 
 
 
 
 

Table 1 Chemical composition (g/kg DM) of substrate used for in 
vitro gas production 

Parameters Substrate 

Dry matter  945 

Organic matter 900 

Ash  100 

Crude protein 160 

Ether extract 40 

Neutral detergent fibre (NDF) 300 

Effect of plant ethanol extracts on in vitro rumen fer-
mentation kinetics 
Effect of ethanol extracts of chamomille, clove and tarragon 
on in vitro fermentation kinetics is presented in Tables 2, 3 
and 4, respectively. Potential gas production (A) decreased 
(by 7%) significantly (P<0.05) by the addition of chamo-
mile and clove extracts at 500 and 1000 (µl/L) doses, re-
spectively.  

In addition, 500 and 750 µL/L doses of tarragon extract 
were also found to be effective in decreasing potential gas 
production (A) by 8% (P=0.07).  

The main active compounds of chamomile, clove and tar-
ragon extract were terpenoids α-bisabolol and chamazulene, 
eugenol (phenylpropanoid) and methyleugenol, respectively 
(Janmejai et al. 2010; Jamalian et al. 2012; Renata and 
Grażyna, 2014).  

These active compounds are known as of plant secondary 
metabolites, which include terpenoids, alkaloids and pheno-
lics present in the essential oil fraction of many plants 
(Sallam et al. 2011).  

Essential oils have antimicrobial activities against both 
gram-negative and gram-positive bacteria, a property that 
has been attributed to the presence of terpenoid and pheno-
lic compounds (Conner, 1993; Dorman and Deans, 2000; 
Calsamiglia et al. 2007).  
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Debashis-Roy et al. (2015) have reported that eugenol 

hadamore effective antimicrobial potential in comparison 
with other non phenolic plant secondary metabolites be-
cause of the presence of a hydroxyl group in its phenolic 
structure and resulted in the loss of integrity of bacterial 
cell membrane and ultimately in reduction in glucose-

uptake of bacteria. It has also been demonstrated that -
bisabolol and Chamazulene had the strongest activity 
against both gram-positive and gram-negative bacteria 
(Janmejai et al. 2010). However, decrease in potential gas 
production may be due to their secondary metabolites. In 
the present study, it was evidenced that other kinetic pa-
rameters of fermentation also affected. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 Parameters estimated by fitting generalized mitscherlich model to gas production values, recorded for a high-concentrate diet for dairy cattle 
treated with different levels (0, 250, 500, 750 and 1000 µL/L) of ethanol Chamomile (Matricaria chamomilla) extract 

Kinetics parameters 
Different levels of ethanol Chamo-
milla extract (µL/L) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  
 
Overall, initial gas production rate constant (c) increased 

(P<0.05) due to addition of plant ethanol extracts to me-
dium.  

But, ethanol extracts decreased (P<0.05) later gas pro-
duction rate constant (d). Chamomile extract at 750 µL/L, 
clove extract at 1000 µL/L and tarragon extract at 750 µL/L 
had the lowest lag time, resulting in a faster rate of fermen-
tation. 
 
Effect of plant ethanol extracts on in vitro OM digesti-
bility, estimated energy value and microbial mass 
In vitro OM digestibility, estimated energy value and mi-
crobial mass results were presented (Tables 5, 6 and 7). 

A (mL/250 mg DM) c (h-1) d (h-1/2) L (h) Half-life (h) 
Fermentation rate 

(h-1) 

68.34ab 0.017c 0.330a 0.740b 7.24d 0.080bc 0  

65.18bc 0.043b 0.193b 0.667b 7.84ab 0.077c 250  

64.46c 0.023c 0.333a 1.010a 7.38cd 0.080bc 500  

66.36abc 0.077a 0.060c 0.417c 8.06a 0.087ab 750  

69.35a 0.063a 0.143b 0.757b 7.65bc 0.093a 1000  

SEM 0.63 0.01 0.03 0.06 0.09 0.01 

P-value 0.0324 < 0.0001 < 0.0001 0.0031 0.0004 0.0070 
A: asymptotic gas production; c (h-1): initial gas production rate constant; d (h-1/2): later gas production rate constant rate constants and L (h): lag time. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 3 Parameters estimated by fitting generalized mitscherlich model to gas production values, recorded for a high-concentrate diet for dairy cattle 
treated with different levels (0, 250, 500, 750 and 1000 µL/L) of ethanol Clove (Syzygium aromaticum) extract 

Kinetics parameters 
Different levels of ethanol Clove 
extract (µL/L) A (mL/250 mg DM) c (h-1) d (h-1/2) L (h) Half-life (h) 

Fermentation rate 
(h-1) 

68.34a 0.017b 0.330a 0.740a 7.24c 0 0.080 

65.48ab 0.073a 0.073c 0.503ab 7.91a 250  0.083 

66.58ab 0.057a 0.120bc 0.380b 7.91a 500  0.080 

66.42ab 0.053a 0.177b 0.570ab 7.61b 0.083 750  

63.80c 0.073a 0.073c 0.283b 7.79ab 1000  0.087 

SEM 0.62 0.01 0.03 0.05 0.07 0.01 

P-value 0.2275 0.0004 0.0002 0.0311 0.0005 0.3818 
A: asymptotic gas production; c (h-1): initial gas production rate constant; d (h-1/2): later gas production rate constant rate constants and L (h): lag time. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 4 Parameters estimated by fitting generalized mitscherlich model to gas production values, recorded for a high-concentrate diet for dairy cattle 
treated with different levels (0, 250, 500, 750 and 1000 µL/L) of ethanol Tarragon (Artemisia dracunculus) extract 

Kinetics parameters 
Different levels of ethanol Tarra-
gon extract (µL/L) A (mL/250 mg DM) c (h-1) d (h-1/2) L (h) Half-life (h) 

Fermentation rate 
(h-1) 

68.34ab 0.017c 0.330ab 0.740b 7.24b 0 0.080 

69.19a 0.013c 0.380a 0.920a 7.12b 250  0.087 

63.29b 0.030b 0.297b 0.713b 7.11b 500 0.087 

63.49b 0.053a 0.190c 0.527c 7.30ab 750 0.087 

67.09ab 0.027b 0.273b 0.673b 7.49a 0.080 1000  

SEM 0.89 0.01 0.02 0.04 0.05 0.01 

P-value 0.0743 < 0.0001 0.0002 0.0015 0.0201 0.1705 
A: asymptotic gas production; c (h-1): initial gas production rate constant; d (h-1/2): later gas production rate constant rate constants and L (h): lag time. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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Chamomile extract at 1000 µL/L increased (approxi-

mately 5 to 8%) significantly (P<0.05) IVOMD, metaboliz-
able energy, SCFA, net energy lactation and microbial 
mass. Ethanol extracts of clove and tarragon did not affect 
in vitro OM digestibility of substrate, estimated energy 
value and microbial mass.  

The results of GP measurement revealed that chamomile 
ethanol extract at 1000 µL/L resulted in an increase in GP 
compared with the control, which was consistent with an 
increase in IVOMD, metabolizable energy, SCFA and 
NEL. However, an increase in OM digestibility because of 
the addition of chamomile ethanol extract at high dose 
could also be attributed to stimulated bacterial activity 
(Naseri et al. 2012), which results in an increase in poten- 

 

 
 
 
 
 
 
 
 
 
 
 
 

Table 5 Predictions of in vitro organic matter digestibility (IVOMD), metabolizable energy (ME), short-chain fatty acids (SCFA), net energy lactation 
(NEL) and microbial mass estimation (MM) for a high-concentrate diet for dairy cattle treated with different levels (0, 250, 500, 750 and 1000 µl/L) of 
ethanol Chamomile (Matricaria chamomilla) extract 

IVOMD ME SCFA NEL Different levels of ethanol Chamomile 
extract (µL/L) 

Microbial mass (mg) 
(%) (MJ/Kg DM) (mmol) (MJ/Kg DM) 

73.14bc 10.87bc 1.26bc 6.25bc 58.10b 0  

71.04bc 10.55bc 1.20bc 5.98bc 58.05b 250  

70.85c 10.52c 1.19c 5.95c 58.04b 500  

74.05ab 11.01ab 1.28ab 6.36ab 58.13ab 750  

76.75a 11.42a 1.34a 6.72a 58.19a 1000  

SEM 0.68 0.10 0.02 0.09 0.02 

P-value 0.0072 0.0073 0.0069 0.0070 0.0094 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

 
 
 
 
 
 
 
 
 
 
 
 

Table 6 Predictions of in vitro organic matter digestibility (IVOMD), metabolizable energy (ME), short-chain fatty acids (SCFA), net energy lactation 
(NEL) and microbial mass estimation (MM) for a high-concentrate diet for dairy cattle treated with different levels (0, 250, 500, 750 and 1000 µl/L) of 
ethanol Clove (Syzygium aromaticum) extract 

IVOMD ME SCFA NEL Different levels of ethanol Clove 
extract (µL/L) 

Microbial mass (mg) 
(%) (MJ/Kg DM) (mmol) (MJ/Kg DM) 

58.10 0  73.14 10.87 1.26 6.25 

250  73.67 10.95 1.27 6.32 58.12 

73.33 58.11 500  10.90 1.26 6.27 

58.11 750  73.27 10.89 1.26 6.27 

72.20 58.08 1000  10.73 1.23 6.13 

SEM 0.34 0.05 0.01 0.04 0.01 

P-value 0.7805 0.7842 0.7134 0.7904 0.7561 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 7 Predictions of in vitro organic matter digestibility (IVOMD), metabolizable energy (ME), short-chain fatty acids (SCFA), net energy lactation 
(NEL), and microbial massestimation (MM) for a high-concentrate diet for dairy cattle treated with different levels (0, 250, 500, 750 and 1000 µl/L) of 
ethanol Tarragon (Artemisia dracunculus) extract 

IVOMD ME SCFA NEL Different levels of ethanol Tarragon 
extract (µL/L) 

Microbial mass (mg) 
(%) (MJ/Kg DM) (mmol) (MJ/Kg DM) 

58.10 0  73.14 10.87 1.26 6.25 

250  71.39 10.60 1.21 6.02 58.06 

70.52 58.04 10.47 1.19 5.91 500  

58.08 750  72.09 10.71 1.23 6.11 

72.76 58.09 1000  10.81 1.25 6.20 

SEM 0.43 0.06 0.01 0.05 0.01 

P-value 0.3194 0.3178 0.3083 0.3189 0.3793 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

tial gas production. Generally, medicinal plants or their 
extracts usually yield complex mixtures of biochemical so 
that identification of the phytochemical fractions that might 
be involved in the effects observed was not possible 
(Scehovic, 1999).  

However, three explanations can be made as follows: (1) 
the inhibitory or stimulatory action of plant secondary me-
tabolites (PSM) on some rumen microorganisms; (2) the 
effect of the degradation products of PSM and (3) direct 
action of other secondary metabolites. Therefore, in the 
current study, our observations possibly might have re-
sulted from the inhibitory or stimulatory action of PSM, 
especially from the presence of essential oils (EOs) on 
some rumen microorganisms.  
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  CONCLUSION 
In vitro effect of ethanol extracts of chamomilla (Matri-
caria chamomilla), clove (Syzygium aromaticum) and tar-
ragon (Artemisia dracunculus) at differing concentrations 
on organic matter digestibility, estimated energy value, 
microbial mass, and rumen fermentation kinetics of a high-
concentrate diet for dairy cattle, suggested that chamomile, 
clove and tarragon extracts have potential to alter rumen 
fermentation kinetics. However, these findings should be 
considered preliminary and further investigation should be 
undertaken which also use in vivo methods in order to bet-
ter assess the value of these plant extracts as feed additives 
to improve the yield of dairy products. 
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Ruminal Kinetics of Nutrients Degradation, 
Hydration, and Functional Specific Gravity of  
Three Types of Beet Pulp 

 

  INTRODUCTION 
Particle size and functional specific gravity (FSG) are feed 
characteristics that influenced ruminal mean retention time 
and ruminal nutrients digestibility. Beet pulp (BP) is eco-
nomical sources of nutrients in ruminant rations because of 
initial higher specific gravity (SG) than dried forages and 
smaller size than the critical size of particles that can retain 
in the rumen. In addition, BP has high digestible neutral 
detergent fiber (NDF) and is often used to reduce the con-
tent of non-fiber carbohydrate (NFC) in dairy cattle diets. 
Much of the NFC in BP is pectin. Pectins are the main 

components of the primary cell walls of dicotyledons where 
they play a major role in the physico-chemical properties 
(Ben-Ghedalia et al. 1989). They are complex polysaccha-
rides; their backbone, characterized by a high proportion of 
galacturonic acid and presence of rhamnose, presents two 
distinct structures: homogalacturonan or rhamnogalactu-
ronan which has a propensity for acetate versus propionate 
production in the rumen (Catherine et al. 1999). In addition, 
the NDF in BP is highly fermentable in the rumen, and it 
can be used to supply fermentable fiber in the diet. The two 
processes in the rumen that increase the functional specific 
gravity (FSG) of particles are liquid uptake and particle size 

Two experiments were conducted to evaluate the relationships between nutrients degradability, kinetics of 
hydration, functional specific gravity (FSG) of the three types of beet pulp (BP) including fine (FBP), nor-
mal (NBP) and pelleted (PBP) BP. In experiment 1, about 3 g of samples was weighed in sealed nylon bags 
(6 cm×7.5 cm, 40±5 µm pore size), incubated in rumen of two cannulated Holstein steers at 0, 3, 6, 12, 18, 
24, 36 and 48 h. The dry matter (DM) degradation was different among the treatments for soluble, slowly 
and potentially degradable fractions, rate of degradation, and effective degradability. In experiment 2, after 
ruminal incubation of two bags at 0, 0.5, 1, 1.5, 3, 6, 12, 18, 24, 36 and 48 h, the bags were removed with-
out and with washing, the kinetic of hydration, functional specific gravity (FSG) measured with pycnome-
ter. Hydration rate and water holding capacity (WHC) were different. Grinding and pelleting decreased 
hydration rate and WHC of BP, but increased initial and final FSG over incubation time. Soluble, slowly 
degradable, and indigestible fraction of DM explained 82.4, 94.8, 2.7, 54.2, 87.3 and 79.7%; 34.1, 50.0, 2.2, 
31.4, 62.2 and 63.4%; and 89.1, 12.2, 68.0, 84.7 and 92.9% of the total variation of the fractional rate of 
degradation, effective degradability, hydration rate, WHC, initial and final FSG, respectively. In addition, 
the correlations between digestion and hydration parameters were high. As BP has lower than critical size, 
can easily pass from the reticulorumen orifice, therefore, its FSG is more important to control ruminal re-
tention time and degradation. 
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reduction. Therefore, both particle size and specific gravity 
should be used to define escapable and nonescapable rumen 
fiber fractions (Allen and Mertens, 1988). The inescapable 
fraction consists of particles that have an FSG less than the 
rumen fluid (Allen and Mertens, 1988) and size greater than 
the critical size (Poppi et al. 1980). The escapable fraction 
consists of particles that are denser than the rumen fluid and 
are below the threshold size for retention. In addition, di-
gestibility is directly proportional to the digestible fraction 
of fiber and rate of fiber digestion, but inversely related to 
the rate of release of particles from nonescapable to an es-
capable fiber pool and rate of escape. The rate of release 
from fiber fractions is a function of the rate of change in 
FSG and the rate of particle size breakdown (Allen and 
Mertens, 1988). Particle size reduction increases the release 
rate from the nonescapable fraction, which results in re-
duced digestibility. Ruminal particulate matters are mostly 
below the threshold size for escape; therefore, particle size 
reduction may not be the rate-limiting step in clearance 
from the reticulorumen (Kaske and Engelhardt, 1990; 
Kaske and Engelhardt, 1992). High FSG of feeds seems to 
reduce the amount of fiber in ruminal mat and affects es-
capable particle retention (Allen and Mertens, 1988). For 
stimulation of chewing activity and ruminal mat formation 
and maintenance of mat consistency, particles must be re-
tained in the rumen (Teimouri Yansari et al. 2004). How-
ever, Kaske and Engelhardt (1990), Kaske and Engelhardt 
(1992) and Teimouri Yansari et al. (2004) found that FSG 
is a better indicator of retention than particle size. On the 
otherwise, feed DM can be divided into soluble and insolu-
ble fractions. Soluble DM is easily degraded and, in any 
case, its rumen passage rate is that of the liquid phase, 
which is easily measurable. Insoluble DM can be degraded 
at different rates, and its passage rate can vary widely, de-
pending on physico-chemical properties of feed particles 
(Ehle and Stern, 1986). The objectives of the current study 
were to evaluate kinetics of hydration and FSG of different 
types of BP over time of incubation with ruminal inoculum 
and to relate these data to kinetics of nutrients degradability 
in situ.  

 

  MATERIALS AND METHODS 
Sample preparation and composition 
Two types including normal beet pulp (NBP) and pelleted 
beet pulp (PBP) were used in this experiment were prepared 
from feed manufacture of Khorasan province, Iran. The 
FBP was prepared by milling NBP, using 1 mm screen pore 
size of miller. Feeding dried BP chips into the pelleting 
machine produced pellets. Pellets were obtained from dried 
by grinding and hardening into a cylindrical shape, about 5 
cm long and about 0.5 cm in diameter and are uniform in 
appearance and texture. Samples were dried at 55 ˚C, 

ground through a Wiley mill (1 mm screen), analyzed for 
dry and organic matter, Kjeldahl N, ether extract (EE), Ca, 
P, Cl, Na and K (AOAC, 2002), NDF, acid detergent fiber 
(ADF; Van Soest et al. 1991; using heat stable amylase and 
sodium sulfite) and ash at 605 ˚C at 3 h. NFC was calcu-
lated by 100 - (% crude protein (CP)+% NDF + % Ash + % 
EE) (Table 1).   
 

Digestion kinetics 
The ruminal nutrients degradation was determined in situ, 
using two cannulated Holstein steers (approximately 1 year 
old, body weight= 335.2 ± 10.3 kg). Steers were given ac-
cess to water at all times and were housed in an open front 
shed. The steers were fed corn silage and concentrates in a 
ratio of about 65:35 (DM basis) according to their require-
ments. The diet was fed in two equal meals at 08:00 and 
20:00 h. About 3 g of DM equivalent were weighed in each 
sealed nylon bag (6 cm×7.5 cm, polyamide, 26% porosity, 
40±5 µm pore size) that was closed using a heat sealer. 
Three bags were incubated in the rumen for each of the 
following periods 0, 3, 6, 12, 18, 24, 36 and 48 h. All incu-
bations started after the morning feeding. Bags were at-
tached to a plastic tube (5 mm diameter) that was fixed to 
the outside of the fistula with a string. The bags and the 
tubes had free movement inside the rumen and reticulum. 
On removal, bags were washed using cold water until the 
effluent ran clear. The bags were dried in an oven at 60 ˚C 
for 48 h, and weighed. Following the weighing, bags were 
opened and residues from the three bags for each period 
were homogenized and placed in tightly capped plastic bot-
tles. Samples were ground through a 1 mm sieve, analyzed 
for Kjeldahl N and NDF (Van Soest et al. 1991). All analy-
ses were made on combined residues of the three bags. The 
analyses were run in duplicate and rerun when differences 
were greater than 3% and sufficient residue was available. 
The potentially degradable fraction was calculated as 100 
minus the 0-h fraction. Kinetics of DM degradation in situ 
was estimated by the nonlinear regression procedure of 
SAS (1998). For each TMR and period, the following 
model was fitted to the percentage of degradation of DM 
(Ørskov and MacDonald, 1979): 
 

P= a + b(1−exp(−Kdt))  
 

Where:  
P: degradability (%).  
a: soluble fraction (%).  
b: slowly digestible fraction (%).  
Kd: fractional rate of degradation (%/h). 
t: time of incubation (h).  
 

The effective degradability (ED) was calculated, assum-
ing a passage rate (Kp) of 0.04, 0.05 and 0.06/h. The equa-
tion ED= [a + b × Kd / (Kd+Kp)] was used to calculate ED. 
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In this equation, the Kp represents the flow rate of parti-
cles out of the rumen. 
 
Kinetic of hydration and functional specific gravity  
The ruminal kinetic of hydration, FSG and changes of FSG 
of samples were measured in situ, using two cannulated 
Holstein steers that fed as described before. The two bags 
were incubated in the rumen for each of the following peri-
ods 0, 0.5, 1, 1.5, 3, 6, 12, 18, 24, 36 and 48 h. After incu-
bation in rumen and removal of bags, the kinetic of hydra-
tion, FSG, and changes of FSG of samples measured with 
100 mL pycnometer (Wattiaux, 1990), without washing. 
All the measurements were made in a separate oven that 
was maintained at 39 ± 0.15 ˚C. All of solution, distiller 
water, sample, small magnet and pycnometer put 5 h before 
the starting of FSG in the oven at 39 ˚C. The McDougall’s 
buffer (artificial saliva solution, 1984) was used as hydra-
tion solution (McDougall, 1948). The earliest reading of the 
total weight of pycnometers was taken after 6 min of initial 
soaking was the shortest interval necessary to eliminate all 
gas bubbles that considered as FSG. The data obtained dur-
ing hydration were used to determine the hydration rate and 
water uptake using NLIN procedures of SAS, (2002); 
Wattiaux, (1990). A biexponential models could be de-
scribed by the function below: 
  
Yt= Ae-k

a
t + Be-k

b
t 

 
Where:  
Y: water uptake over time (g/g of insoluble DM).  
A and B: represent pool sizes of hydration.  
ka and kb: represent respective fractional hydration rate 
(min-1).  
 
Some data were fit best to single (i.e., the B component was 
removed) rather than double exponential models. Total wa-
ter holding capacity (WHC; g/g of insoluble DM) was cal-
culated as the sum of total solution uptake (sum of A+B) 
and initial moisture content of the samples. A mean for 
hydration rate that was weighted for pool sizes from biex-
ponential models was calculated: [(A×ka) + (B×kb)] / 
(A+B) (Bhatti and Firkins, 1995). Data were analyzed as a 
complete randomized design by ANOVA using Proc GLM 
of SAS (2002). Means were separated using Duncan's mul-
tiple range test at an alpha level of 0.05. 
 
Statistical analysis 
The data were analyzed by a complete randomize block 
design as three types of BP and steers were considered as 
treatment and block, respectively. Data were analyzed by 
using the GLM procedure of SAS (2002) . Pearson correla-
tion analyses of the physical and chemical properties of 

feed were done with CORR procedure of SAS (2002) . In 
addition, regression analyses of the physical and chemical 
properties of feed were done with REG procedure of SAS
(2002)

 

. Means were separated using Duncan's multiple 
range test with an alpha level of 0.05.  

 

  RESULTS AND DISCUSSION 
Ruminal degradation 
The DM degradation parameters and ED showed important 
and significant differences among three types of BP (Table 
1). The soluble fraction of DM for FBP was higher than in 
NBP and PBP. However, there was no significant differ-
ence of soluble fraction of DM between NBP and PBP. In 
addition, the slowly degradable fraction in FBP was higher 
and NBP than PBP (59.00 and 57.00 vs. 55.66% of DM, 
respectively). The potential extent of DM degradation was 
high and ranged between 78.33 and 90.00% and was sig-
nificantly different among the samples (P<0.0001). In con-
trast, indigestible DM fraction was relatively low and had 
significantly different among the samples (P<0.0001). The 
DM fractional rate of degradation was relatively large 
(11.2, 10.3 and 10.1 %/h, respectively) and significantly 
different (P=0.0007). Regardless the value of Kp, the val-
ues of the ED of DM was also significantly different 
(P<0.0001). The FBP and PBP samples had the highest and 
lowest values of ED, respectively. Similar to DM, the NDF 
degradation showed significant differences between three 
types of BP as for the degradation parameters and for the 
ED (Table 1). FBP and PBP had the highest and lowest 
soluble fraction of NDF, respectively. The slowly digestible 
fraction of FBP was significantly higher than NBP and 
PBP. However, there was no significant difference between 
NBP and PBP. The potential extent of NDF degradation 
was high and was significantly different among the samples 
(P<0.0001; 86.00, 79.00 and 75.00 for FBP, NBP and PBP, 
respectively). The indigestible NDF fraction had significant 
differences among three types of BP (P<0.0001). The NDF 
fractional rate of degradation was relatively large (9.80, 
8.80 and 8.30 %/h, for FBP, NBP and PBP, respectively) 
and significantly different (P=0.0002). The ED of NDF was 
also significantly different (P<0.0001). The FBP and PBP 
samples had the highest and lowest values of ED for NDF, 
respectively.Degradation of CP for the degradation parame-
ters and for the ED, similar to DM and NDF, had signifi-
cant differences among three types of BP. FBP and PBP 
had the highest and lowest soluble protein, respectively. 
There were no significant difference on the slowly digesti-
ble protein between FBP and NBP, but the slowly digesti-
ble protein for PBP was significantly lower than FBP and 
NBP. The potential extent of CP degradation was high and 
significantly different among the samples (P<0.0001;  
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87.00, 83.00 and 77.00 for FBP, NBP and PBP, respec-
tively). The indigestible CP fraction was different among 
three types of BP (P<0.0001). The CP fractional rate of 
degradation was relatively large (10.80, 10.00 and 9.70 
%/h, for FBP, NBP and PBP, respectively) and signifi-
cantly different (P<0.0001). Regardless the value of Kp, the 
values of the ED of CP was also significantly different 
(P<0.0001). The FBP and PBP samples had the highest and 
lowest values of ED for CP, respectively.  

The DM and NDF (DePeters et al. 1997) or DM and CP 
(Pereira and Gonzalez, 2004) degradation of the BP sam-
ples showed similar trends. Torrent et al. (1994) reported 
that apparent digestibilities of BP were 78.0, 81.5, 81.3 and 
78.9% for DM, OM, NDF and ADF, respectively. Using in 
situ method, Torrent et al. (1994) found that rates of degra-
dation, potentially digestible fractions, and lag time of NDF 
and ADF fractions of BP were 11.6%/h, 94.1% of NDF, 
and 0.8 h; and 14.3%/h, 92.6% of ADF, and 1.9 h, respec-
tively. DePeters et al. (1997) found while the NDF content 
of BP ranged from 33.22 to 42.18%, the rates of NDF di-
gestion ranged from 7.3 to 9.0%/h (with mean Kd=8.3%/h) 
for BP. In addition, Bhatti and Firkins (1995) reported a 
much larger range in NDF digestion for BP, 5.5 to 11.6%/h. 
Richardson et al. (2003) found that proportion of soluble, 
slowly degradable, and the rate of degradation of the poten-
tially degradable OM and N of unmolassed BP were 6.50%, 
87.20% and 7.70%/h; and 0.00%, 92.30%, and 3.20%/h, 
respectively. These results clearly showed that BP did not 
contain a rapidly degradable N fraction and had a slower 
rate of degradation of the potentially degradable fraction 
than winter barley. BP is commonly added with molasses or 
vinasses, which had an important effect on DM and protein 
solubility. However, the most experiments confirmed that 
rates of degradation for DM, NDF and CP were high and 
had similar trend. Gonzalez et al. (2001) found that in a BP 
sample with 49.1, 42.7, and 11.0 (% of DM) NDF, ADF, 
and CP content the soluble CP, insoluble degradable frac-
tion and potential degradable fraction were 17.7, 65.4 and 
83.1% of CP content, respectively. Pereira and Gonzalez 
(2004) tested 10 samples of dried beet pulp observed a 
range of variation of the soluble, slowly degradable fraction 
and fractional degradation rate of DM and CP from 1.53 to 
41.3%, 7 to 50%, 3.71 to 6.21%/h; 11.5 to 50.0%, 51.0 to 
80.7% and 5.55 to 10.5%/h, respectively. Pereira and Gon-
zalez (2004) reported that the ED values of DM ranged 
from 41.0 to 70.8% and those of CP from 34.3 to 73.1% 
and both values were correlated (r=0.874). Gonzaleze et al. 
(2001) tested the effects of degradation of soluble or in-
soluble proteins measured by rumen incubations at 0 h 
(washout value) and 16 h, respectively. Washing effects on 
essential amino acid proportions of DBP were limited. 
However, the DBP sample employed by Pereira and Gon-

zalez (2004) and Gonzaleze et al. (2001) included an im-
portant addition of molasses and therefore, its DM, NDF 
and protein solubility was high. In the present experiment, 
grounding and pelleting significantly increased and de-
creased soluble fraction of DM, NDF, and CP (Table 1), 
therefore, the significant difference on potential degradable 
fraction and fractional rate of degradation may be result of 
differences in soluble fraction of DM, NDF, and CP. In 
addition, the lag time of DM, NDF, and CP of three types 
of BP were not detected. The most experiments also, have 
confirmed the current results. However, using in vitro 
method, Bhatti and Firkins (1995) found that extent, frac-
tional rate and lag time of DM for FBP samples were 
67.4%, 8.41%/h and 3.9 h, respectively. In addition, Pereira 
and Gonzalez (2004) showed the ED values of CP had a 
high variability (range from 34.3 to 73.1%), therefore, us-
ing a mean constant value may lead to major errors to esti-
mate nutritive value of BP. In this experiment, based on 
chemical composition, the degradation parameters and the 
ED values were in a range that reported in literature, how-
ever, degradation rate of CP was much higher than the oth-
ers. Pereira and Gonzalez (2004) reported that there were 
marked differences between samples for all the degradation 
kinetic parameters and for the ED values. The values of 
soluble and slowly degradable fraction for CP were closely 
complementary, since the potential extent of CP degrada-
tion was relatively similar (from 86.7 to 95.5%). Conse-
quently, both fractions were closely correlated. Therefore, 
the ED of CP was closely correlated with both fractions. 
The variation of the ED values for both DM and CP were 
mainly caused by the variation of their soluble fractions. 
Therefore, these values are mainly conditioned by the addi-
tion of soluble raw materials and by the cell wall content in 
DBP, which in turn also depends on the original content of 
soluble materials in fresh beets and on the efficiency of the 
extraction process.  

These facts explain the close correlations observed be-
tween the ED values and those of ash and NDF for the DM 
degradation or ash, CP, soluble CP and NDIN for CP deg-
radation. The appearance of multiple correlations between 
ED values and soluble CP or many chemical parameters is 
logical, because most of these factors are intercorrelated 
(Pereira and Gonzalez, 2004). The results of this experi-
ment and Pereira and Gonzalez (2004) confirmed that the 
high and positive correlation between the degradation rate 
of DM and NDF is result of low degree of lignification of 
BP that does not seem to be an important barrier to ruminal 
degradation. 

 
Kinetic of hydration, and functional specific gravity 
Kinetics of ruminal hydration of three types of BP is pre-
sented in Table 2.  
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Initial water content (g/g insoluble DM) was not signifi-
cantly different among three types of BP pulps. Hydration 
rate (g/g insoluble DM/h) and WHC (g/g insoluble DM) 
were significantly different among the three types of BP. 
Grinding and pelleting significantly decreased hydration 
rate and WHC of BP. Therefore, NBP had the highest hy-
dration rate and WHC. In addition, there was no significant 
difference on hydration rate between NBP and PBP, but 
WHC was significantly different between NBP and PBP 
(Table 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Changes in FSG over incubation time are shown in Table 

3. Grinding and pelleting of BP increased FSG for FBP and 
PBP over incubation time (Table 3). Initial FSG and final 
FSG increased when were grinded and pelleted. Over the 
ruminal incubation, FSG of all typed of BP were higher 
than ruminal liquid that measured by Wattiaux (1990) that 
was 1.001 2 to 1.008 9. In addition, after the ruminal incu-
bation to 2 h for FBP and NBP and to 4 h for PBP, the FSG 
of different types of BP were higher than critical size 
(Poppi et al. 1980) for passage from reticulorumen orifice. 

Table 1 The Kinetics of ruminal digestion of three types of beet pulps 

Three types of beet pulp 
Item 

Fine Normal Pelleted 
SEM P-value 

Degradability of dry matter      

Soluble fraction (%) 31.00a 25.33b 22.67b 0.005 * 

Slowly digestible fraction (%) 59.00a 57.00ab 55.66b 0.004 NS 

Potential extent of dry matter (DM) degradation 
(a+b) 

90.00a 82.33b 78.33c 0.002 *** 

Indigestible fraction (%) 10.00c 17.67b 21.67a 0.003 *** 

Fractional rate of degradation (%/h) 11.2a 10.3b 10.1b 0.006 * 

Effective degradability (%/h)1      

Kp= 0.04 72.90a 65.81b 65.30b 0.002 *** 

Kp= 0.05 71.75a 63.66b 59.90c 0.002 *** 

Kp= 0.06 69.37a 61.31b 57.59c 0.002 *** 

Degradability of neutral detergent fiber      

Soluble fraction (%) 28.00a 25.00b 22.00c 0.003 ** 

Slowly digestible fraction (%) 58.00a 54.00b 53.00b 0.002 *** 

Potential extent of NDF degradation (a+b) 86.00a 79.00b 75.00c 0.002 *** 

Indigestible fraction (%) 14.00c 21.00b 25.00a 0.003 *** 

Fractional rate of degradation (%/h) 9.8a 8.8b 8.4c 0.001 ** 

Effective degradability (%/h)      

Kp= 0.04 69.19a 62.12b 57.90c 0.003 *** 

Kp= 0.05 66.40a 59.43b 55.22c 0.003 *** 

Kp= 0.06 63.97a 57.10b 52.91c 0.003 *** 

Degradability of crude protein      

Soluble fraction (%) 21.00a 18.00b 14.00c 0.002 ** 

Slowly digestible fraction (%) 66.00a 65.00a 63.00b 0.002 * 

Potential extent of CP degradation (a+b) 87.00a 83.00b 77.00c 0.002 *** 

Indigestible fraction (%) 13.00c 17.00b 23.00a 0.002 *** 

Fractional rate of degradation (%/h) 10.8a 10.0b 9.7c 0.001 *** 

Effective degradability (%/h)      

Kp= 0.04 69.20a 64.39b 58.68c 0.002 *** 

Kp= 0.05 66.16a 61.29b 55.64c 0.002 *** 

Kp= 0.06 63.47a 58.58b 53.01c 0.002 *** 
1 The equation ED= [a + b × Kd / (Kd+Kp)] was used to calculate effective degradability (ED). In this equation, Kp represents the flow rate of particles out of the rumen that 
was considered equal to 0.04, 0.05 and 0.06 (Ørskov and MacDonald, 1979). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05).  
* (P0.05); ** (P0.01) and *** (P0.001). 
NS: not significant. 

Table 2 Kinetics of ruminal hydration of three types of beet pulps 

Three types of beet pulp 
Item 

Fine Normal Pelleted 
SEM P-value 

Initial water content (g/g insoluble dry matter (DM)) 0.062 0.064 0.064 0.051 NS 

Hydration rate (g/g insoluble DM/h) 0.065b 0.075a 0.064b 0.002 *** 

Water holding capacity (g/g insoluble DM) 3.25c 4.21a 3.87b 0.021  *** 
The means within the same row with at least one common letter, do not have significant difference (P>0.05).  
*** (P0.001). 
NS: not significant. 
SEM: standard error of the means. 
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In ruminant, the voluntary dry matter intake and ruminal 
filling is related to the bulk density of forages (Wattiaux, 
1990), but ruminal retention time and passage rate are re-
lated to FSG of feeds (Wattiaux, 1990; Kaske and Engel-
hardt, 1990; Kaske and Engelhardt, 1992; Teimouri Yansari 
et al. 2004). 

Ramanzin et al. (1994) found that the FSG of DM of 
original unwashed feedstuffs estimated at 0 h soaking was 
not significantly related to the various chemical compo-
nents. However, the FSG of DM of unwashed feedstuffs 
estimated after 15 h of soaking, as well as that of the in-
soluble fractions of washed feedstuffs (both after 0 and 15 h 
of soaking) and that of soluble fractions, showed signifi-
cantly positive correlations with various fibrous fractions 
and negative correlations with CP and fat. Correlations 
were highly significant and positive between WHC and 
fibrous fractions, except lignin. On average, the FSG of 
DM of three type of BP was higher than those reported for 
forage particles (Wattiaux, 1990; Ramanzin et al. 1994; 
Teimouri Yansari et al. 2004) and were in agreement with 
the few data available for concentrates (Wattiaux, 1990; 
Ramanzin et al. 1994). Solubility effect on FSG is impor-
tant because soluble DM is in many feedstuffs a substantial 
fraction of total DM and has an FSG different from that of 
the insoluble fraction (Ramanzin et al. 1994). This result is 
in agreement with the results of Wattiaux (1990) in forages 
and confirms that measurements of FSG should be made on 
the insoluble DM of feedstuffs.  

The WHC of three BP samples were 3.25, 4.21 and 3.87 
(g/g insoluble DM) in FBP, NBP and PBP, respectively. As 
mentioned in material and methods, using an exponential 
model (cure fitting method; Wattiaux (1990); Teimouri 
Yansari et al. (2004)) the values of WHC were estimated. 
Using the centrifugation method and polyester bags, 
Ramanzin et al. (1994) found an average higher WHC (6.44 
and 597 g/g insoluble DM) than the filtration methods 
(Giger-Reverdin, 2000; 5.37 g/g insoluble DM). However, 
many experiments (Wattiaux, 1990; Teimouri Yansari et al. 
2004) explained that the estimated WHC with an exponen-
tial model was lower than the WHC that obtained with fil-
tration or the centrifugation method. Giger-Reverdin (2000) 
found that WHC was highly correlated with NDF 
(R2=0.456) and ADF (R2=0.418), but not with lignin 
(R2=0.013). It increased with the cell wall content of feed-
stuffs and decreased with the bulk density. However, BP 
had a WHC value higher than other feed because of high 
pectin content.  

By the way, for stimulating chewing activity, particles 
must be retaining in rumen. The extent of FSG especially 
for concentrate and by products is a better indicator of ru-
minal mean retention time than the particle size (Kaske and 
Engelhardt, 1990; Teimouri Yansari et al. 2004).  

When particle reached to threshold of size and FSG, they 
must pass the rumen. BP has a size lower than critical point 
that can easily pass from the riticulorumen orifice. It seems 
that FSG is more important to control ruminal retention 
time, consequently ruminal degradation of BP.      

 
Relationship of degradation and hydration parameters 
As a general conclusion, the correlation between digestion 
and hydration parameters is significantly high. Soluble frac-
tion of DM, NDF and CP had high positive and negative 
correlation with slowly digestible and indigestible fractions, 
respectively. In addition, soluble fraction of DM, NDF and 
CP had high negative correlation with hydration rate, 
WHC, initial and final FSG. Slowly digestible fraction of 
DM, NDF and CP had similar trend to soluble fraction of 
DM, NDF, and CP (Table 4). In contrary, indigestible frac-
tions of DM, NDF and CP had high positive correlation 
with hydration rate, WHC, initial and final FSG. Fractional 
rate of degradation of DM, NDF and CP had high positive 
correlation with soluble and slowly digestible and negative 
correlation with indigestible fractions, with hydration rate, 
WHC, initial and final FSG. The ED of DM had negative 
correlation with indigestible fractions of DM, NDF and CP, 
hydration rate, WHC, initial and final FSG, but positive 
correlation with soluble and slowly digestible fractions of 
DM, NDF and CP and fractional rate of degradation of DM, 
NDF and CP (Table 4).  

The ED degradability of DM had close correlation with 
ED of NDF (r=0.966) and CP (r=0.989). Therefore, the 
values in Table 4 showed only the values of degradability 
for DM. The ED degradability of DM had negative correla-
tion with soluble, slowly digestible fraction, fractional rate 
of degradation, ED of DM, hydration rate, WHC, initial and 
final FSG, indigestible fraction of NDF and CP, but high 
direct correlation with soluble and slowly digestible frac-
tion of NDF and CP and fractional rate of degradation of 
NDF and CP. Pereira and Gonzalez (2004) found that the 
ED of DM was significantly correlated with the soluble, 
slowly degradable and fractional rate of degradation for all 
chemical fractions, except ADL and ADIN; however the 
closest correlations were recorded with NDF (negative) and 
ash (positive). Both fractions also showed the closest corre-
lations with the soluble, slowly degradable, and fractional 
rate of degradation parameters. In addition, the ED of CP 
showed close and direct correlations with the soluble CP, 
CP and ash content that the closest correlations were re-
corded with the CP content. On the contrary, the ED of CP 
showed inverse correlations with the proportion of NDIN 
and the NDF and ADF contents (Pereira and Gonzalez, 
2004). In addition, Haj-Ayed et al. (2000) found that ED of 
CP in vetch-oat hays was positively correlated at a lower 
level with the CP content and at high level with NDF.  

21Ruminal Kinetics of Nutrients Degradation, Hydration, and Functional Specific Gravity of Three Types...

__________________________ WORLD TECHNOLOGIES __________________________



WT

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
For DM degradability, NDF and ADL contents explained 

79.4% of the total variation, while for CP degradability; the 
cellulose content explained 83.9%. Rodriguez (1996) 
showed that the soluble fraction was linked to the cell con-
tent (complementary to the NDF fraction) while the slowly 
degradable and indegradable fractions were mainly linked 
to fiber components and lignin, respectively. Consequently, 
the variability of the soluble and slowly degradable frac-
tions was linked to the variability of the fiber fractions 
while a higher variability of the undegradable fraction was 
related to the higher variability of lignin and ADIN. 

Using the stepwise procedure, physical characteristics 
(hydration kinetics and degradation parameters) and chemi-
cal fractions as independent variables, we obtained regres-
sion equations to estimate relationships between degrada-
tion and hydration kinetic with soluble fraction (Figure 1), 
slowly degradable fraction (Figure 2) and indigestible frac-
tion (Figure 3) of DM for BP samples. For DM degradabil-
ity, soluble fraction of DM explained 82.4, 94.8, 2.7, 54.2, 
87.3 and 79.7% of the total variation of factional rate of 
degradation, ED, hydration rate, WHC, initial and final 
FSG, respectively (Figure 1).  

In addition, the slowly degradable fraction of DM ex-
plained 34.1, 50.0, 2.2, 31.4, 62.2 and 63.4% of the total 
variation of fractional rate of degradation, ED, hydration 
rate, WHC, initial and final FSG, respectively (Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Relationships between degradation and hydration kinetics with 
the soluble fraction of DM in beet pulp samples. Relationships with the 
soluble fraction of dry matter are shown with the following equations:  
1) The fractional rate of degradation (%/h)= 0.073 + 0.121 × soluble frac-
tion of DM (%) (R2=0.824; P=0.0007) 
2) Effective degradability (%/h)= 0.304 + 1.317 × soluble fraction of DM 
(%) (R2=0.948; P=0.0007) 
3) Hydration rate (g/g insoluble DM/h)= 0.071 – 0.024 × soluble fraction 
of DM (%) (R2=0.027; P=0.6753) 
4) Water holding capacity (g/g insoluble DM)= 5.917 – 8.115 × soluble 
fraction of DM (%) (R2=0.542; P=0.0238) 
5) Initial FSG= 1.472 – 0.730 × soluble fraction for DM (%) (R2=0.873; 
P=0.0002) 
6) Final FSG= 1.173 – 0.127 × soluble fraction for DM (%) (R2=0.797; 
P=0.0012) 

Table 3 Changes in the functional specific gravity over incubation time

 Functional specific gravity of beet pulp over the incubation time (h)  
Beet pulp types 

0.1 2 4 6 12 24 36  48 

Fine beet pulp 1.243a 1.209a 1.148b 1.018d 1.003d 1.094c 1.117c 1.123c 

Normal beet pulp 1.285a 1.274a 1.106f 1.056c 1.001d 1.056c 1.118b 1.136b 

Pelleted beet pulp 1.312a 1.302a 1.235b 1.112c 1.054e 1.098c 1.135c 1.132c 
The means within the same row with at least one common letter, do not have significant difference (P>0.05).  

Table 4 Correlation coefficients (%, above diagonal) between digestion and hydration parameters and their P-values (below diagonal) 
Parameter2 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

1 - 0.54 -0.95 0.91 0.97 -0.16 -0.74 -0.93 -0.89 0.95 0.88 0.96 0.85 0.83 -0.89 0.92 0.90 

2 NS - -0.77 0.65 0.72 -0.15 -0.56 -0.79 -0.80 0.64 0.69 -0.69 0.81 0.52 -0.76 0.78 0.78 
3 *** * - -0.92 -0.99 0.19 0.76 0.99 0.96 -0.94 -0.95 0.98 -0.95 -0.93 -0.81 0.94 -0.98 
4 ** NS ** - 0.94 -0.35 -0.82 -0.92 -0.91 0.87 0.96 -0.95 0.90 0.81 0.77 -0.84 0.94 
5 *** * *** ** - -0.19 -0.77 -0.99 -0.96 0.95 0.96 -0.99 0.95 0.92 0.83 -0.93 0.98 
6 NS NS NS NS NS - 0.76 0.73 0.84 -0.60 -0.83 0.73 -0.78 -0.55 -0.41 0.53 -0.84 
7 ** NS * ** * ** - 0.73 0.94 -0.94 -0.95 0.97 -0.96 -0.96 -0.81 0.96 -0.97 
8 ** * *** ** *** * ** - 0.94 -0.94 -0.95 0.98 -0.96 -0.96 -0.81 0.96 -0.97 
9 ** * *** ** *** * ** ** - -0.91 -0.90 0.94 -0.91 -0.87 -0.70 0.86 -0.97 
10 ** NS *** ** *** NS ** ** ** - 0.85 -0.97 0.84 0.92 0.85 -0.95 0.88 
11 *** * *** *** *** * *** ** ** ** - -0.96 0.96 0.84 0.82 -0.87 0.98 
12 *** * *** *** *** * *** *** ** *** *** - -0.93 -0.92 -0.87 0.94 -0.96 
13 ** * *** ** *** NS *** *** ** ** *** ** - 0.87 0.77 -0.89 0.98 
14 ** * ** ** ** NS *** *** ** ** ** ** ** - 0.78 -0.89 0.97 
15 ** NS ** ** ** NS ** ** ** ** ** ** ** ** - -0.89 0.77 
16 ** * ** ** ** NS *** *** ** ** ** ** ** *** ** - -0.89 
17 ** * *** ** *** ** *** *** *** ** *** *** *** ** ** ** - 

1: soluble fraction of DM (%); 2: slowly digestible fraction of DM (%); 3: indigestible fraction of DM (%); 4: fractional rate of degradation of DM (%/h); 5: effective degradability of DM 
(%/h); 6: hydration rate (g/g insoluble DM/h); 7: water holding capacity (g/g insoluble DM); 8: initial functional specific gravity; 9: final functional specific gravity; 10: soluble fraction of 
NDF (%); 11: slowly digestible fraction of NDF (%); 12: indigestible fraction of NDF (%); 13: fractional rate of degradation of NDF (%/h); 14: soluble fraction of CP (%); 15: slowly di-
gestible fraction of CP (%); 16: indigestible fraction of CP (%) and 17: fractional rate of degradation of CP (%/h). 
* (P0.05); ** (P0.01) and *** (P0.001). 
NS: not significant. 
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Figure 2 Relationship between degradation and hydration kinetics pa-
rameters with slowly digestible fraction of beet pulp samples. Relation-
ships with slowly digestible fraction of dry matter are shown with the 
following equations:  
1) Fractional rate of degradation (%/h)= -0.0003 + 0.184 × slowly digesti-
ble fraction of DM (%) (R2=0.431; P=0.0546) 
2) Effective degradability (%/h)= -0.512 + 2.003 × slowly digestible frac-
tion of DM (%) (R2=0.500; P=0.0333) 
3) Hydration rate (g/g insoluble DM/h)= 0.094 – 0.046 × slowly digestible 
fraction of DM (%) (R2=0.022; P=0.7063) 
4) Water holding capacity (g/g insoluble DM)= 11.214 – 12.991 × slowly 
digestible fraction of DM (%) (R2=0.314; P=0.1168) 
5) Initial FSG= 2.021 – 1.296 × slowly digestible fraction for DM (%) 
(R2=0.622; P=0.0115) 
6) Final FSG= 1.277 – 0.239 × slowly digestible fraction for DM (%) 
(R2=0.634; P=0.0102) 

 
 

 
 
 
 
 
 
 
 
 
 

Figure 3 Relationship between degradation and hydration kinetic with 
indigestible fraction of beet pulp samples. Relationships with indigestible 
fraction of dry matter are shown with following equations:  
1) Fractional rate of degradation (%/h)= 0.120 – 0.094 × indigestible frac-
tion of DM (%) (R2=0. 856; P=0.0004) 
2) Effective degradability (%/h)= 0.819 – 1.021 × indigestible fraction of 
DM (%) (R2=0.991; P<0.0001) 
3) Hydration rate (g/g insoluble DM/h)= 0.064 + 0.020 × indigestible 
fraction of DM (%) (R2=0.031; P=0.6497) 
4) Water holding capacity (g/g insoluble DM)= 2.735 + 6.352 × indigesti-
ble fraction of DM (%) (R2=0.517; P=0.0175) 
5) Initial FSG= 1.184 – 0.588 × indigestible fraction for DM (%) (%) 
(R2=0.986; P<0.0001) 
6) Final FSG= 1.233 + 0.104 × indigestible fraction for DM (%) 
(R2=0.929; P<0.0001) 
 

For DM degradability, indigestible fraction of DM ex-
plained 85.6, 99.1, 3.1, 51.7, 98.6 and 92.9 % of the total 
variation of fractional rate of degradation, ED, hydration  

 

 
rate, WHC, initial and final FSG, respectively (Figure 3).  
In addition, fractional rates of degradation, explained 89.1, 
12.2, 68.0, 84.7 and 92.9 % of the total variation of ED, 
hydration rate, WHC, initial and final FSG, respectively 
(Figure 4). 

 
 
 
 
 
 
 
 
 
 
  

 
 
 
Figure 4 Relationship between fractional rates of degradation and hydra-
tion kinetics of DM for beet pulp samples. Relationships with fractional 
rates of degradation of dry matter are shown with following equations:  
1) Effective degradability (%/h)= -0.355 + 9.571 × fractional rates of 
degradation of DM (%/h) (R2=0.891; P=0.0001) 
2) Hydration rate (g/g insoluble DM/ h)= 0.108 – 0.386 × fractional rates 
of degradation of DM (%/h) (R2=0.122; P=0.3572) 
3) Water holding capacity (g/g insoluble DM)= 10.948 – 68.192 × frac-
tional rates of degradation of DM (%/h) (R2=0.680; P=0.0062) 
4) Initial FSG= 1.847 – 5.390 × fractional rates of degradation for DM 
(%/h) (R2=0.847; P=0.0004) 
5) Final FSG= 1.243 – 0.975 × fractional rates of degradation for DM 
(%/h) (R2=0.929; P=0.0006) 

 
Using the stepwise procedure, relationships between 
NDF degradability coefficient and hydration parame-
ters were significantly explained with the following 
equation  
A) Soluble fraction of NDF (a)= 1.327 – 0.841 × initial 
FSG (R2=0.878; P=0.0002; equation 1). 
B) Slowly digestible fraction of NDF= 1.481 – 0.727 × 
final FSG (r2=0.894; P=0.0001; equation 2). 
C) Indigestible fraction of NDF= -1.808 + 1.568 × initial 
FSG (R2=0.953; P<0.0001; equation 3). 
D) Fractional rate of degradation for NDF= 0.349 – 0.203 × 
initial FSG (R2 0.926; P<0.0001; equation 4). 
E) ED for NDF= 2.690 – 1.609 × initial FSG (R2=0.966; 
P<0.0001; equation 5). 
F) WHC= 12.155 – 15.227 × slowly digestible fraction of 
NDF (R2=0.688; P=0.0057; equation 6). 
G) Initial FSG= 1.659 – 0.601 × ED of NDF (R2=0.966; 
P<0.0001; equation 7). 
H) Final FSG= 1.207 – 0.105 × indigestible fraction for 
NDF (R2=0.889; P=0.0001; equation 8). 
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The best prediction soluble (R2=0.878), slowly degrad-
able (R2=0.894), indegradable fraction (R2=0.953 and 
0.994) and fractional rate of degradation (R2=0.926) of 
NDF were derived from the initial FSG (equation 1, 2, 3, 4 
and 5). In addition, the best prediction WHC (R2=0.688), 
initial FSG (R2=0.966) and final FSG (R2=0.889) were de-
rived from the slowly digestible fraction of NDF (equation 
6), ED of NDF (equation 7), and indigestible fraction for 
NDF (equation 8). 

Using the stepwise procedure, relationships between CP 
degradability coefficient and hydration parameters were 
significantly explained with the following equation:  
 
A) Soluble Fraction of CP= 1.640 + 0.022 × WHC – 1.208 
× initial FSG (R2=0.966; P<0.0001; equation 9). 
B) Slowly digestible Fraction of CP= 1.155 – 0.397 × initial 
FSG (R2=0.653; P=0.0084; equation 10). 
C) Indigestible fraction of CP= -1.522 - 1.937 × hydration 
rate + 1.429 × initial FSG (R2=0.985; P<0.0001; equation 
11). 
D) Fractional rate of degradation for CP= 0.273 – 0.003 × 
WHC – 0.224 × initial FSG (R2=0.990; P<0.0001; equation 
12). 
E) ED for CP= 2.468 + 1.498 × hydration rate – 1.507 × 
initial FSG (R2=0.989; P<0.0001; equation 13). 
F) WHC= 22.432 – 11.296 × indigestible fraction of CP + 
163.511 × fractional rate of degradation (R2=0.981; 
P<0.0001; equation 14). 
G) Initial FSG= 1.809 – 2.970 × fractional rate of degrada-
tion - 0.353 × ED of CP (R2=0.988; P<0.0001; equation 
15). 
H) Final FSG= 1.251 – 1.089 × fractional rate of degrada-
tion for CP (R2=0.938; P<0.0001; equation 16). 
 

The best prediction soluble and fractional rate of degra-
dation for CP was derived from the WHC and initial FSG 
(R2=0.966; equation 8 and R2=0.990; equation 13, respec-
tively). Similar to NDF fraction, slowly digestible fraction 
of CP was derived from initial FSG (R2=0.653; equation 
10), but indigestible fraction and ED of CP was derived 
from Hydration rate and initial FSG (R2=0.985; equation 11 
and R2=0.989; equation 13). WHC was a function of indi-
gestible fraction and fractional rate of degradation of CP 
(R2=0.981; equation 14). Initial FSG of CP was derived 
from fractional rate of degradation and ED of CP 
(R2=0.988; equation 15), but final FSG well explained with 
fractional rate of degradation for CP (R2=0.938; equation 
16). The results of current experiment were confirmed with 
previous experiments (Rodriguez, 1996; Gonzalez et al. 
2001; Pereira and Gonzalez, 2004). Pereira and Gonzalez 
(2004) reported that a good prediction of the ED of DM 
(R2=0.933) was obtained from the contents of NDF and 

ADF as the first and second predictive variables. The best 
prediction (R2=0.954) of the ED of CP was derived from 
the concentrations of CP and NDF and the CP content al-
lowed to explain 87.8% of the variation. 

 

  CONCLUSION 

The grinding and pelleting of BP had significant effects on 
degradation parameters of DM, NDF and CP. The rate and 
extent of degradation for DM, NDF and CP were high and 
had similar trend. Grinding and pelleting significantly in-
creased and decreased soluble fraction of DM, NDF and 
CP, respectively. It seems that the significant difference on 
potential degradable fraction and fractional rate of degrada-
tion may be result of the differences in soluble fraction of 
DM, NDF and CP. The high and positive correlation be-
tween the degradation rate of DM and NDF is result of low 
degree of lignification of BP that does not seem to be an 
important barrier to ruminal degradation. Grinding and pel-
leting significantly decreased hydration rate and WHC, 
increased initial and final FSG over incubation time. The 
correlation between digestion and hydration parameters is 
significantly high. In addition, the correlations between 
digestion and hydration parameters were significantly high. 
As beet pulp has size lower than critical size, can easily 
pass from the reticulorumen orifice, therefore, its functional 
specific gravity is more important to control ruminal reten-
tion time and degradation. 
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Phenotypic and Genetic Analysis of Lori‐Bakhtiari 
Lamb's Longevity Up to Yearling Age for Autosomal 
and Sex-Linked Chromosomes  

 

  INTRODUCTION 
Improved ewe productivity would be achieved by increas-
ing the number of lambs successfully reared per ewe in a 
given year. The high mortality rates obtained greatly reduce 
the efficiency and profitability of a lamb production enter-
prise. According to Fogarty et al. (1985), the mortality of 
lambs from birth to weaning is a major factor affecting the 
number of lambs weaned per lambing. Poor survival of 
lambs up to weaning time is a major source of reproductive 
inefficiency in most sheep flocks around the world (Hinch 

and Brien, 2014). To obtain an ethically acceptable increase 
in the net reproductive rate, a strategy to reduce lamb mor-
tality is required. Young et al. (2014) concluded that re-
search on improving survival of lambs is likely to have a 
higher payoff than research on improving the number of 
lambs conceived. Lamb survival is a complex trait influ-
enced by many different factors associated with manage-
ment, climate, behavior of the ewe and lamb, and genetic 
effects (Smith, 1977; Christley et al. 2003; Everett-Hincks 
et al. 2008). Further, the rate of survival is higher in female 
lambs compared to male lambs in the same flock.  

The data set used in this study contained 8793 records of lamb's longevity (days) from 320 sires and 2349 
dams collected during 1989 to 2014, from the Lori-Bakhtiari flock at Shooli station in Shahrekord, Iran. 
Genetic parameters (partitioned into autosomal, sex-linked and maternal) and breeding values of cumulative 
lamb's longevity from birth up to yearling age (at 1, 2, 3, 6, 9 and 12 months) were estimated using re-
stricted maximum likelihood procedure. The results showed that the overall mean of the cumulative longev-
ity of lamb up to yearling (12 months of age) was 295.87 days. The effect of fixed factors; year and month 
of birth, sex of lamb, age of dam, lamb birth weight as quadratic covariate and dam body weight as linear 
covariate were significant (P<0.05) on lamb's longevity. The heritability estimates of lamb's longevity were 
low and ranged from 0.01 to 0.08 for autosomal, 0.01 for sex-linked and 0.02 to 0.03 for maternal additive 
genetic effects. The estimates of autosomal, sex-linked and maternal genetic correlations of lamb's longev-
ity in different ages were high. The pearson and spearman correlation coefficients between autosomal 
breeding values and sex-linked breeding values in lamb's longevity at different ages were 0.15 to 0.46 and 
0.11 to 0.43 respectively. Thus, lamb's longevity up to yearling can be improved by farm management prac-
tices and improving environmental factors at first. Genetic analysis using linear models which able to esti-
mate breeding values in direct (autosomal and sex-linked chromosomes separately) and maternal effects, 
could be more effective to improve longevity in lambs.  
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Nash et al. (1996) reported that after adjusting for birth 
weight, male lambs to be at greater risk of postnatal mortal-
ity. The higher mortality rate in ram lambs, compared to 
females is also reported in the other findings (Mukasa-
Mugerwa et al. 2000; Mandal et al. 2007; Vatankhah and 
Talebi, 2009).  

Lamb survival can be analyzed as a binary trait (Fogarty, 
1995), but it suffers from a severe information loss because 
it ignores the continuity of the survival process and the pre-
cise time of death.This simplification implies that dead ani-
mals in 5 days or 5 months after birth are treated alike and 
contribute the same amount of information. However, lon-
gevity (days) can be analyzed as a continuous trait and ac-
counted the precise time of death in breeding programs to 
improve survival rate in lambs. 

The Lori-Bakhtiari sheep is one of the most common na-
tive breeds in the southwestern part of Iran (the Zagros 
Mountains), with a population of more than 1.7 million 
head, having the largest fat-tail size among all of the breeds 
in Iran. The animals of this breed are usually kept in vil-
lages under semi intensive systems. The Ministry of Jihad-
Agriculture in Iran has found it important to increase the 
efficiency of sheep production, because the output of sheep 
in this system is low and the relative economic weights of 
lamb survival rate at pre- and post- weaning in Lori-
Bakhtiari sheep were higher than growth traits (Vatankhah 
and Akhoundi, 2015). Improving lamb's longevity in male 
lambs is economically beneficial as the replacement rate in 
male lambs is lower than for female lambs and the majority 
of male lambs are fattened for sale. The lower longevity in 
male lambs may be due to sex-linked determinants, which 
have not yet been researched and identified (Mandal et al. 
2007). Thus, the objective of this study was to determine 
the non-genetic factors affecting on lamb's longevity and 
estimation of genetic parameters for lamb's longevity up to 
yearling age in Lori-Bakhtiari sheep for autosomal, sex-
linked and maternal additive genetic effects.  

  MATERIALS AND METHODS 
Data and flock management 
The data set used in this study was collected from 8793 
lambs descended from 320 rams and 2349 ewes born be-
tween 1989 and 2014 in the Shooli station, Shahrekord, Iran 
(Table 1). The flock is managed under a semi-migratory or 
village system. The animals are kept in the range on cereal 
pastures from mid-spring to late-autumn and kept indoors 
from December to May at the station and fed a ration com-
posed of alfalfa, barley and wheat stubble. The breeding 
period extends from late August to late October (ewes were 
assigned randomly to the rams) and consequently, lambing 
starts in late January.  

From 15 days of age, lambs have access to creep feed ad 
libitum and are weaned at an average age of 90 ± 5 days. 
After weaning, male and female lambs were separated. 
Surplus male lambs chosen for fattening were separated 
from the rest of the animals. Female lambs were kept in the 
pasture of cultivated alfalfa, while the rest of the males 
were kept indoors and fed a maintenance and growth ration 
(45% alfalfa hay, 39% barley, 7% beet pulp, 8% cottonseed 
meal, 1% salt and mineral supplements which containing 
13.5% crude protein and 2.5 Mcal/kg metabolizable energy) 
to 12 months of age. The animals were monitored daily and 
dates of death in lambs were recorded. Traits studied were 
longevity of lamb in days from birth up to 1, 2, 3, 6, 9 and 
12 months of age with the day of birth equal to 1 day of 
age. For calculate each cumulative time period, the birth 
date minus the removed date of lamb from the flock. Then 
for example the longevity of all lambs up to 2 months set 
equal to 60 days except for lambs that left the flock before 
60 days.  

Statistical analysis 
The GLM procedure of SAS (2000) was applied to identify 
the important fixed effects to be considered in the final lin-
ear model. The final statistical model included year of birth, 
age of dam, birth type, month of birth and sex of lamb as 
fixed effects and the birth weight of lamb (linear and quad-
ratic) and the mother’s body weight of each lamb (as linear) 
were fitted as covariates in the following model. 

Yijklmn= µ + Ai + Bj + Tk + Sl + Mm + b1(Wijklmn-W000000) 
+ b2(Wijklmn-W000000)2 + b3(EWijklmn-EW000000) + eijklmn 

Where:  
yijklmn: observed longevity in days of nth lamb.  
µ: overall mean.  
Ai: effect of ith age of dam (i=2,…,≥7).  
Bj: effect of jth year of lambing (j=1989 to 2014).  
Tk: effect of kth birth type (k=single, twin or triplet).  
Sl: effect of lth sex of lamb (l=male and 2=female).  
Mm: effect of mth month of lamb birth (m=Jan, Feb or Mar). 
Wijklmn: birth weight of nth lamb.  
W000000: overall mean of lamb birth weight.  
EWijklmn: mother’s body weight of nth lamb.  
EW000000: overall mean of mother’s body weight.  
b1, b2: linear and quadratic regression coefficients of lamb 
birth weight, respectively.  
b3: linear regression coefficient of mother’s body weight. 
eijklmn: residual effects. 

Variance components and genetic parameters were esti-
mated from a linear animal model in a multi-variate analy-
sis using the restricted maximum likelihood (REML) 
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method by WOMBAT program (Meyer, 2013). The animal 
model included all fixed effects described above, random 
effects of animal (separated to autosomal and sex-linked) 
and random maternal effects. The following multi-variate 
animal model was fitted to analyze the data set: 

 
yi= Xibi + Z1iai + Z1isi + Z2imi + ei 
 
Where:  
i: longevity of lamb up to ith age (i=1, 2, 3, 6, 9 and 12 
months).  
y, b, a, s, m and e: vectors of observations, fixed effects, 
direct additive genetic effects in autosomal chromosomes, 
direct additive genetic effects in sex-linked, maternal addi-
tive genetic effects and residual random effects, respec-
tively.  
X, Z1, Z2 and Z3: incidence matrices relating the observa-
tions to the respective effects.  
 

The average information (AI) REML algorithm was used 
to maximize the likelihood (convergence criterion was 10-8) 
and additional restarts were performed until no further im-
provement in log likelihood occurred. With one record for 
each individual, the BLUP breeding values of longevity at 

different ages of lambs for autosomal effects ( , sex-

linked effects ( s ) and maternal effects ( m ) are obtained 

using mixed model equations as follow: 

â
ˆ ˆ

 
 

 
 
 
 
 
 
 
Where: 

2
aA :A covariance matrix of . â

A: matrix of the co-ancestries between relative for auto-
somal loci (Henderson, 1976). And 

2
a

2
FS

: variance of additive genetic values for autosomal loci. 

: covariance matrix of . ŝ
S: a matrix whose elements are functions of co-ancestries 
between relative for X-chromosomal loci.  

2
F

A

: additive genetic variance for X-chromosomal loci for 

noninbred females (Fernando and Grossman, 1990). 

: covariance matrix of m . 2
m

ˆ

A: matrix of the co-ancestries between relative. 

2
m : variance of maternal additive genetic values.  

The inverse of A obtained by an algorithm described by 
Henderson (1976). The construction of S and its inverse 
obtained by an algorithm described by Fernando and 
Grossman (1990). The total direct BLUP breeding values of 
animals calculated by summation of autosomal and sex-
linked breeding values. The correlation coefficients (Pear-
son and Spearman) between total, autosomal and sex-linked 
breeding values of animals were obtained using correlation 
procedure of SAS (2000). 
 

  RESULTS AND DISCUSSION 
The values in Table 2 indicate that the cumulative longevity 
decrease by 0.7, 1.88, 3.39, 18.66, 41.06 and 69.13 days up 
to 1, 2, 3, 6, 9 and 12 months of age respectively (the dif-
ferences between observed overall mean of longevity from 
expected longevity if all of lambs were live and mortality 
were equal to zero). For example, if all of the lambs were 
live and could reach to yearling age, the mean of longevity 
had been 365 days, but due to death some of them at differ-
ent ages the mean of longevity estimated as 295.87 days. 
These values indicated that the lamb's longevity decrease 
by 3.39, 15.27, 22.40 and 28.07 days in the first, second, 
third and fourth quarter of age, respectively. 

The least squares mean for the longevity of lamb for dif-
ferent levels of non-genetic factors are shown in Table 2. 
There was significant (P<0.01) variation in lamb's longevity 
between birth years, although, no clear trend was observed 
during 1989 and 2014. The least squares mean of longevity 
was lower in lambs born from the younger and older ewes 
compared to 4-5 years old, but these differences were not 
significant (P>0.05) up to 1, 2 and 3 months of age and 
significant for 6, 9 and 12 months of ages (P<0.05). The 
birth type did not have significant effect on lamb's longev-
ity when corrected for lamb birth weight (P>0.05). Al-
though, the longevity of lambs was lower in triplet lambs, 
but due to the high standard error of the means the differ-
ences were not significant with singleton and twin lambs. 
The month of birth had a significant effect (P<0.01) on 
lamb's longevity.  

The least square means of lamb's longevity decreased 
with increasing month of birth. However, the differences 
between these values were not significant for the first and 
middle third of the lambing period up to 3 months of age, 
but the differences increased and were significant after 3 
months of age. Female lambs were found to have a higher 
longevity than males at all the considered ages. The differ-
ences between lamb's longevity in females and males were 
significant (P<0.05). This study showed a quadratic rela-
tionship between lamb’s birth weight and longevity at all 
ages (Table 2).  
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The positive and negative signs for linear and quadratic 

regression coefficients showed that longevity increased 
with lamb birth weight, reached an optimum level and then 
decreased with increasing lamb birth weight. The negative 
signs of linear regression coefficients of the mother’s body 
weight showed that lamb's longevity decreased with in-
creasing mother’s body weight, however, some regression 
coefficients were not significant from zero (Table 2). 

Genetic parameters of lamb's longevity (days) from birth 
to yearling age estimated by linear animal model including 
direct additive genetic effects of animal (autosomal and 
sex-linked) and maternal additive genetic effects are set out 
in Table 3. The autosomal heritability estimates for lamb's 
longevity were low, but these values increased with age of 
lamb (0.01 to 0.08). The estimates of sex-chromosome 
heritabilities of lamb's longevity were equal to correspond-
ing autosomal heritabilities up to 3 months of age and con-
stant with increasing age of lamb. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The estimates of maternal heritability of lamb's longevity 

were constant up to 9 months of age (0.03) and then de-
creased slightly for 12 months of age (0.02). The autosomal 
and sex-chromosome genetic correlations between lamb’s 
longevity at different ages were positive and ranged from 
0.42 to 0.97, while, maternal genetic correlation were 
higher relatively (0.85 to 0.99). All genetic correlations 
between longevity at cumulative time periods close to each 
other were high and reduced with increasing distance be-
tween them.  

The estimates of phenotypic correlations between lamb's 
longevity at different ages were positive, but lower than 
corresponding genetic correlations relatively. A summary 
of autosomal and sex-chromosome breeding values of lamb 
longevity at different ages are shown in Table 4. This Table 
shows the average breeding values of autosomal and sex-
linked effects at different ages, of lamb longevity were 
greater than zero.  

Table 1 Pedigree structure for longevity analysis data set in Lori-Bakhtiari lambs 

Item Number Item Number 

Original animals 9310 Sires with progeny  320 

Animals with record 8793 Sires with record and progeny  246 

Animals without offspring 6501 Dams with progeny  2349 

Animals with offspring 2669 Dams with record and progeny  2046 

Animals with offspring and record 2292 Founders 455 

Animals with unknown sire 567 Inbred animals 4153 

Animals with unknown dam 466 Average inbreeding coefficient in inbred animals 0.025 

Table 2 The least squares means (±SE) of fixed effect for longevity (days) in Lori-Bakhtiari lambs

Factor Number 1 mo 2 mo 3 mo 6 mo 9 mo 12 mo 

Overall mean 8793 29.30 58.12 86.61 161.34 228.94 295.87 

Birth year  ** ** ** ** ** ** 

Age of dam (yr)  NS NS NS * ** ** 

2 2355 28.91±0.18 57.05±0.43 84.86±0.69 150.96±2.41ab 213.33±4.16b 277.47±6.24a 

3 1873 28.96±0.18 57.34±0.41 85.42±0.67 153.70±2.36a 218.85±4.07a 285.46±6.10a 

4 1729 29.00±0.18 57.27±0.41 85.22±0.67 152.33±2.38a 216.75±4.10ab 281.53±6.15a 

5 1301 29.05±0.18 57.55±0.43 85.83±0.70 154.04±2.45a 217.82±4.22ab 282.00±6.33a 

6 935 28.94±0.20 57.27±0.46 85.19±0.75 150.95±2.62b 213.42±4.51ab 275.70±6.77a 

7 600 28.82±0.22 56.93±0.52 84.55±0.85 146.31±3.03a 203.33±5.22c 260.74±7.83b 

Birth type  NS NS NS NS NS NS 

Single 6377 29.07±0.07 57.54±0.16 85.47±0.27 153.46±0.94 216.05±1.61 279.83±2.42 

Twin 2320 29.23±0.11 57.95±0.25 86.29±0.41 155.20±1.40 216.90±2.42 278.19±3.63 

Triplet 96 28.53±0.43 56.23±1.01 83.77±1.64 145.47±5.92 208.80±10.21 273.43±15.30 

Month of birth  ** ** ** ** ** ** 

Jan-Feb 4422 29.21±0.16a 57.97±0.37a 86.64±0.60a 161.19±2.14a 231.50±3.70a 300.92±5.54a 

Feb-Mar 3411 29.18±0.16a 57.77±0.38a 86.13±0.62a 155.66±2.19b 221.46±3.78b 286.69±5.67b 

Mar-Apr 960 28.44±0.20b 55.97±0.46b 82.77±0.75b 137.28±2.65c 188.79±4.57c 243.84±6.86c 

Sex of lamb  ** ** ** ** ** ** 

Male 4403 28.79±0.16b 56.81±0.37b 84.47±0.60b 144.17±2.17b 200.99±3.75b 258.52±5.62b 

Female 4390 29.10±0.16a 57.67±0.38a 85.89±0.63a 158.59±2.21a 226.85±3.81a 295.78±5.71a 

LRBW  3.84±0.44** 9.30±1.03** 15.49±1.68** 49.82±5.53** 83.17±9.53** 121.73±14.29** 

QRBW  -0.32±0.04** -0.78±0.10** -1.29±0.16** -3.84±0.55** -6.32±0.94** -9.19±1.41** 

LRDW  -0.02±0.01** -0.04±0.02ns -0.07±0.03** -0.26±0.10** -0.31±0.17ns -0.29±0.26ns 
LRBW: linear regression of birth weight; QRBW: quadratic regression of birth weight and LRDW: linear regression of dam weight. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
* (P<0.05) and ** (P<0.01). 
NS: non significant.  
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This implies that without any direct selection for lamb 

longevity during the last years, genetic progress has been 
made through indirect selection. The mean and standard 
deviation of autosomal breeding values were higher than 
sex-linked in all of considered traits. There is significant 
variation in autosomal and sex-linked breeding values for 
lamb longevity at all ages in the population (Table 4). The 
correlation coefficients between breeding values of auto-
somal (A) and sex-linked (S) are shown in Table 5. Correla-
tion coefficients for A-S, was low to medium. In general, 
the Spearman correlations were lower than Pearson proce-
dure for all ages and breeding values types. 

The overall mean of lamb longevity up to yearling re-
corded in this study was in range in the literature for differ-
ent breeds of sheep (Yapi et al. 1990; Green and Morgan, 
1993; Nash et al. 1996; Mukasa-Mugerwa et al. 2000; 
Mandal et al. 2007; Sawalha et al. 2007). The lamb longev-
ity was higher when compared to values obtained for some 
sheep breeds such as Menz and Horro (Mukasa-Mugerwa et 
al. 2000). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 Heritability estimates (diagonal), genetic (below diagonal) and phenotypic (above diagonal) correlation estimates for autosomal, sex-linked 
and maternal effects of longevity in Lori-Bakhtiari lambs 

Stay to 1 mo 2 mo 3 mo 6 mo 9 mo 12 mo 

Autosomal  
1 mo 0.95±0.01 0.90±0.01 0.65±0.01 0.55±0.01 0.47±0.01 0.01±0.01 
2 mo 0.89±0.16 0.98±0.01 0.83±0.01 0.65±0.01 0.58±0.01 0.01±0.01 
3 mo 0.85±0.21 0.99±0.02 0.88±0.01 0.70±0.01 0.63±0.01 0.01±0.01 
6 mo 0.80±0.25 0.98±0.18 0.96±0.09 0.94±0.01 0.86±0.01 0.06±0.02 
9 mo 0.60±0.35 0.71±0.18 0.77±0.13 0.91±0.03 0.97±0.01 0.07±0.02 
12 mo 0.42±0.34 0.55±0.15 0.65±0.13 0.80±0.07 0.97±0.01 0.08±0.02 

Sex-linked  
1 mo - - - - - 0.01±0.01 
2 mo 0.99±0.13 - - - - 0.01±0.01 
3 mo 0.99±0.23 0.99±0.07 - - - 0.01±0.01 
6 mo 0.97±0.22 0.98±0.12 0.98±0.10 - - 0.01±0.01 
9 mo 0.95±0.20 0.91±0.13 0.97±0.12 0.97±0.21 - 0.01±0.01 
12 mo 0.90±0.25 0.90±0.12 0.92±0.10 0.91±0.18 0.93±0.20 0.01±0.01 

Maternal  
1 mo - - - - - 0.03±0.01 
2 mo 0.98±0.01 - - - - - 

3 mo 0.97±0.02 0.99±0.01 - - - 0.03±0.01 
6 mo 0.90±0.10 0.93±0.04 0.94±0.03 - - 0.03±0.01 
9 mo 0.85±0.11 0.90±0.15 0.95±0.12 0.99±0.02 - 0.03±0.01 
12 mo 0.85±0.14 0.86±0.17 0.90±0.13 0.95±0.05 0.97±0.01 0.02±0.01 

 
 
 
 
 
 
 
 

 

Table 4 Summary of autosomal and sex-linked breeding values of longevity (days) in Lori-Bakhtiari lambs 

Autosomal Sex-linked 
Stay to 

Mean SD Min Max Mean SD Min Max 

1 mo 0.0037 0.0670 -0.3149 0.2291 0.0014 0.0626 -0.3000 0.2667 

2 mo 0.0654 0.2545 -1.3905 0.9992 0.0032 0.1448 -0.6936 0.6165 

3 mo 0.1409 0.5118 -2.9429 2.0115 0.0062 0.2818 -1.3496 1.9970 

6 mo 1.1520 3.6522 -16.9960 10.9801 0.0191 0.0620 -0.3709 0.3000 

9 mo 3.6125 7.6173 -36.1396 24.6285 0.0412 0.1340 -0.8009 0.6721 

12 mo 6.6690 12.9021 -71.4093 44.9950 0.3545 1.1589 -6.9247 5.8336 
SD: standard deviation. 

  
The highest decrease in lamb longevity occurred during 

after weaning period (65.74 days), which is in accordance 
with values reported for Menz and Horro sheep (Mukasa-
Mugerwa et al. 2000), but higher than values reported for 
some breeds of sheep such as Scottish Blackface and 
Muzaffarnagari (Sawalha et al. 2007; Mandal et al. 2007). 
This is due to extreme environmental changes in this pe-

riod. Lambs were weaned at 90  5 days of age and kept on 
a pasture of cultivated alfalfa which may not cover the 
lamb’s requirements. The significant variations in lamb 
longevity from birth up to 12 months of age in different 
years may be attributed to variation in the environmental 
conditions, feed availability and other management factors. 
Similarly, Berhan and Van Arendonk (2006) and Mandal et 
al. (2007), observed significant effects of year of birth for 
lamb mortality rates. The changes in longevity of lamb with 
age of dam obtained in this study were similar to Smith 
(1977), who reported that yearling ewes had lambs with 
smaller birth weight, lower vigor, and higher mortality rates 
than lambs from older ewes.  
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Ewe age effects on lamb mortality have been shown to 
reduce lamb mortality with increasing ewe age (Southey et 
al. 2001; Sawalha et al. 2007), although Morris et al. 
(2000), in accordance with the results of this study showed 
slight decreases in longevity of lambs born to ewes greater 
than 5 years of age.  

 
 
 
 
 
 
 

 
 
The non-significant effect of dam age in lamb longevity 

up to 6 months of ages could be attributed to the existence 
of the mother’s body weight as a covariate in the model, 
because some differences are corrected by this covariate. 
The non-significant effect of the birth type on lamb longev-
ity obtained in this study could be attributed to correction 
for lamb’s birth weight, which included in the model to 
analysis. The birth weights are normally lower for lambs 
born in larger litters (Smith, 1977; Morris et al. 2000; 
Sawalha et al. 2007) and therefore these lambs may be at 
greater risk of illnesses. Lambs born in multiple litters may 
also have higher mortality due to limitation in milk produc-
tion by the dam, either as a result of low genetic potential 
for milk production or restricted nutrient intake in limiting 
environments (Snowder and Knight, 1995). The higher 
lamb longevity in female lambs compared to males is in 
agreement with other findings (Nash et al. 1996; Mukasa-
Mugerwa et al. 2000; Mandal et al. 2007; Sawalha et al. 
2007; Vatankhah and Talebi, 2009). Lower longevity in 
male lambs may be due to sex-linked determinants which 
have not yet been identified (Mandal et al. 2007), but is the 
main objective in this study. The intermediate optimum 
range for birth weight obtained in this study has been pre-
sented in many evaluations of lamb survival or longevity 
(Smith, 1977; Lopez-Villalobos and Garrick, 1999; Morris 
et al. 2000; Sawalha et al. 2007). Smith (1977) concluded 
that birth weight had a large influence with most early life 
mortality occurring in lambs with birth weights below the 
mean. Morris et al. (2000) found similar results with a lar-
ger proportion of dead lambs with light birth weights. One 
possible explanation for the elevated mean mortality rate at 
birth for lambs with the smallest birth weight is hypother-
mia, whilst dystocia can be a cause of mortality for lambs 
with the heaviest birth weights (Sawalha et al. 2007). Con-
sequently, selection for optimal birth weight, rather than 
maximum birth weight, should be practiced when viability 
and birth weight are to be improved simultaneously. 

Autosomal and maternal heritability estimates obtained 
in this study are in the range of values reported in the litera-
ture for direct and maternal heritability. For example, the 
weighted average heritability of survival rate and longevity 
to weaning in a review of 24 studies was 0.04 (Fogarty, 
1995). Safari et al. (2005) in a review of 16 studies reported 
the range of direct and maternal heritability estimates in 
lamb survival rate were from zero to 0.11 and zero to 0.19, 
respectively. Vatankhah (2013) reported low estimates of 
direct heritabilities (0.01 to 0.09) for survival rate from 
different linear models, maternal heritabilities ranged from 
0.00 to 0.04 and decreased as the age of lambs increased. 
The sex-linked heritabilities for lamb longevity were simi-
lar to the corresponding values of autosomal heritability up 
to 3 months of age obtained in this study. This implies that 
the genetic importance of sex-linked effects on longevity of 
lamb is equal to the genetic autosomal effects. In review the 
literature, there was not any report on the heritability of 
sex-linked for traits associated with longevity in sheep. 
Low estimates of the direct (autosomal and sex-linked) 
heritability for lamb longevity (<0.10) could be attributed 
to small additive genetic variance of viability and the im-
pact of non-genetic factors on this trait. According to 
Riggio et al. (2008), one explanation for low heritability for 
lamb survival or longevity is that it is a composite trait and 
many factors may lead to death. As improving lamb lon-
gevity has a great economic importance, the potential for 
genetic improvement by within flock selection would be 
less effective due to low heritability estimates by linear 
animal models. 

Table 5 Correlation coefficients between autosomal (A) and sex-linked 
(S) breeding values of longevity in Lori-Bakhtiari lambs 

Stay to Pearson correlation Spearman correlation 

1 mo 0.46 0.43 

2 mo 0.37 0.37 

3 mo 0.36 0.35 

6 mo 0.08 0.11 

9 mo 0.15 0.20 

12 mo 0.17 0.23 

According to the estimates of autosomal, sex-liked and 
maternal genetic correlations, between longevity of lambs 
before and after weaning, genetic selection on lamb's lon-
gevity up to weaning age could improve the longevity after 
weaning ages. 

Due to the lack of direct genetic selection for longevity 
of lamb and average breeding values greater than zero for 
autosomal and sex-linked effects obtained in this study, the 
genetic progress already obtained in this flock can be at-
tributed to indirect selection for traits such as total weight 
of litter weaned (TWW) per ewe joined and correlated re-
sponses. One indirect selection method to improve lamb's 
longevity is to use composite traits. Selection could be per-
formed on a composite trait that incorporates lamb's lon-
gevity or survival rate and is likely to be part of an overall 
breeding objective, i.e. it has intrinsic economic value to 
the breeder, as it affects either returns or costs or both. Ex-
amples are number of lambs weaned (NLW) or TWW per 
ewe joined, both relying on a favorable correlated response 
in lamb's longevity or survival (Brien et al. 2014). This 
seems a reasonable expectation as, for example, favorable 
genetic correlations of 0.76 (Swan et al. 2001) and 0.55 
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(Hebart et al. 2010) have been estimated between NLW and 
lamb survival from two large Merino flock studies in Aus-
tralia. A similar, strong genetic correlation of 0.73 has also 
been reported between TWW and lamb survival (Afolayan 
et al. 2008). 

The low to medium estimates of Pearson correlation co-
efficients and lower estimates of rank correlation coeffi-
cients between A-S breeding values of lamb's longevity at 
all ages indicated that genetic selection on autosomal breed-
ing values solely, cannot choose animals with high breeding 
values for sex-linked effects. 
 

  CONCLUSION 

The present investigation revealed that, although the overall 
lamb's longevity up to yearling observed in this study is not 
low, but the mortality rate distribution is not suitable, be-
cause the highest mortality rate occurred after weaning pe-
riod (6 to 12 months of age). With regard to non-genetic 
factors on the longevity of lambs from birth to the yearling 
age, it could be concluded that in order to improve the lon-
gevity of lambs focus should be on improve non-genetic 
factors and management conditions. Breaking up direct 
additive genetic variance of lamb's longevity in to auto-
somal and sex-linked in this study showed that the propor-
tion of the variance related to the sex-linked effects was 
similar to the proportion of variance attributed to autosomal 
effects up to weaning. Although, response to selection of 
lamb's longevity is low due to low estimates of heritability, 
genetic analysis of longevity using animal models which 
able to partition total additive genetic variation in to auto-
somal, sex-linked and maternal effects could make a more 
effective genetic selection. Thus, genetic selection based on 
a combination of three sources of BVs with suitable relative 
economic weights is recommended to improve genetically 
lamb's longevity. 
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Evaluation of Morphometric and Reproductive 
Traits of Indigenous Dairy Goat Types in North  
Western Amhara, Ethiopia 

 

 

  INTRODUCTION 
Goat is a good source of meat (Chevon), milk, yoghurt, 
cheese and other by-products such as hide and skin. Goat 
population has witnessed a positive growth rate in the last 
20 years (Morand-Fehr, 2003). The number of goats has 
increased by almost 50% at world level, cattle increased by 
just 9%. However, sheep population decreased by 4% 
(Morand-Fehr and Boyazogly, 1999; Devendra, 2001). In 
Ethiopia, indigenous Ethiopian goats have been phenotypi-
cally classified into 12 types, although genetic characteriza-

tion indigenous goats of Ethiopia are grouped into eight 
distinct genetic entities (Tesfaye, 2004). There are many 
types of dairy and meat goat breeds introduced to Ethiopia 
from outside for crossbreeding. The main purpose of cross-
ing with local goats was to improve milk production in ar-
eas where goat milk is known to be consumed (Adane and 
Girma, 2008).  Amhara National Regional State also has six 
goat ecotypes i.e. Gumuz, Awi, Central Abergelle, Aber-
gelle, Begiamedir and Bati (Hassen et al. 2012). The region 
endowed 5291571 goats; particularly the south Gonder 
zone and western Gojam have 434230 and 315142 goats, 

The objective of this study was to evaluate the morphometric and reproductive traits of indigenous dairy 
goat types. It was conducted in three districts (Ebnat, Gonji-kolela and Farta) based on the agro-ecological 
differences, goat population potentials and experience of the farmers using goat milk. Semi-structured ques-
tionnaires, field observations, morphological and reproductive trait measurements were used. The results 
revealed that the average age at sexual maturity of male in Farta district, (Mean±SE) was 7.04 ± 0.41 
months. However, age at first service of male goats was longer in Gonji kolela (9.84±0.95) and Ebnat 
(11.54±1.28) districts. The average body length (BL) for dairy, dual and meat type goats were 59.65 ± 0.58, 
54.87 ± 0.69 and 55.52 ± 0.74 cm. The mean rear udder length, udder circumference and teat length were 
17.14 ± 0.28, 31.39 ± 0.59 and 3.71 ± 0.07 cm, 14.21 ± 0.48, 26.75 ± 1.01 and 3.41 ± 0.12 cm and 13.44 ± 
0.38, 24.67 ± 0.81 and 3.01 ± 0.09 cm, respectively. Whereas, the mean rear udder diameter for dairy, dual 
and meat types for female goats were 10.04 ± 0.22, 8.66 ± 0.37 and 8.01 ± 0.30 cm, respectively. Dairy type 
female goats had significantly higher (P<0.001) values for all udder and teat measurements than dual and 
meat type female goats. In conclusion, goat breeding and reproduction was not identified as dairy, meat and 
dual purpose types and there is no specialized dairy goat breeding, reproduction with corresponding produc-
tion system. Therefore, evaluation of morphometric and reproductive traits of indigenous dairy type goats 
with specialized and intensive production system are crucial to increase the milk production and productiv-
ity.  
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respectively (CSA, 2014), however milk production from 
goat in this region is insignificant. In Ethiopia, human 
population increases from time to time. Grazing lands are 
decreasing and changed to residents and small pieces of 
farm land. These lead to shortage of grazing and farm land 
which created difficulty to grow subsistence cash crops and 
dairy cattle feeds (Alemayehu et al. 2015). Many farmers 
would like to keep dairy cows but do not have sufficient 
land to grow enough feed. Climate change is also becoming 
a challenge for dairy cattle producer as it is directly linked 
with feed shortage and climate induced stress (Alemayehu 
and Fantahun, 2012). Climate change in Amhara region 
causes heat stress that cattle and sheep are getting difficul-
ties to survive. However, indigenous goats are able to with-
stand the stress as goat have low surface to volume ratio. 
Hence, the number of goats is increasing (Alemayehu and 
Fantahun, 2012). Besides, dairy goats require less land than 
dairy cows (CTA, 2007). As a result, keeping dairy goats 
are becoming more affordable and appropriate option 
(Legesse et al. 2008).  

It has been also reported that  goat milk as a much less al-
lergenic alternative to cow milk due to its differing protein 
structure, namely its casein micelle components (Park, 
1994). Goat milk has demonstrated significant improve-
ments in colic, minor digestive disorders, asthma and ec-
zema over cow milk, as well as in infants and children with 
cow milk sensitivities (McCullough, 2003). Haenlein et al. 
(2004) indicated that treatment with goat milk typically 
resolves between 30 and 40% of problem cases of child-
hood cow milk allergy, which can be higher in some cases 
(one study showed improvements in 49 out of 55 children 
treated with goat milk). Dairy goat farming can contribute 
to food security of farming families and become an income 
source through commercialization of raw milk and dairy 
products. The characteristics of goat milk, both from a nu-
tritional and social standpoint are important and encourage 
studies to evaluate its production and quality (Fernandes et 
al. 2008). Goat’s milk is reported to have higher digestibil-
ity and lower allergenic properties compared to cow’s milk 
(Senaka Ranadheera et al. 2012). It has also a higher con-
tent of short chain fatty acids in milk fat, higher content of 
zinc, iron, and magnesium, and antibacterial characteristics 
(Slacanac et al. 2010). In addition, these benefits may be 
further enhanced by using goat’s milk as a vehicle for de-
livering probiotics and prebiotics. 

Even though the country as well as the region has large 
size of goat population, the productivity per unit of animal 
especially milk production is very low. The contribution of 
this sector to both the national and the regional economy is 
relatively low too. Because of less productivity, local goat 
breeds were subjected to replacement and crossbreeding 
with imported goat breeds like Anglo-Nubian, Saanen and 

Toggenburg introduced at different periods by different 
organization. But this did not improve the productivity ex-
cept that indiscriminate crossbreeding caused genetic ero-
sion, loss of genetic diversity and reduction of adaptive 
value for efficient utilization of the existing adapted goat 
genetic resources (Hassen et al. 2012). Therefore, the ob-
jective of this   paper was to evaluate morphometrically and 
reproductive traits of indigenous dairy goat type to enhance 
food security at small holder level.  

 

  MATERIALS AND METHODS 
Description of the study area 
The study was conducted in Ebnat, Farta and Gonji-kolela 
districts of Amhara region in 2014. These districts were 
purposively selected based on agro-ecology, goat popula-
tion potentials and experience of the farmers of using goat 
milk. Ebnat district considered as lowland, Gonji kolela as 
midland and Farta as highland. Ebnat and Farta districts are 
located in the South Gondar administrative zone and Gonji 
kolela is located south of Bahir Dar in the west Gojjam 
Zone (Table 1; Figure 1). Ebnat, Farta and Gonhi-kolela 
districts have 131505 40193 and 52350 indigenous goats 
respectively (EDARDO, 2013; FDARDO, 2013; 
GDARDO, 2013). 
 
Data collection methods  
The data was collected through individual interviews using 
questionnaire, focus group discussion and field observa-
tions.  Focus group discussion and field observation were 
used to support individual interview to assess and collect 
information on reproductive performance traits. Focus 
group discussion were composed of greater than 10 people 
believed to be knowledgeable about past and present social 
and economic status of the area, community elders and 
story tellers and it has to be done in each PA. To supple-
ment the primary data and for background information for 
the district, secondary data were collected from each district 
agriculture and rural development offices. About five ke-
bele administrations were selected each. Semi-structured 
questionnaires, field observations and morphometric trait 
measurements were conducted based on international dairy 
goat measurement criteria. A total of 235 dairy (109), dual 
(50) and meat (76) type goats were identified. The meas-
urements of rear udder diameter (RUD), rear udder length 
(RUL), udder circumference (UCC), teat length (TTL), 
Scrotum length (SL), scrotum width (SW) and scrotum 
circumference (SCC) were highly considered. Besides, 
morphological quantitative characters such as body length 
(BL), diagonal body length (DBL), heart girth (HG), pelvic 
width (PW), pelvic height (PH), rump width (RW) and - 
rump length (RL) were measured.  
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Reproductive performance traits such as age at sexual 
maturity for male and female, age at first kidding, reproduc-
tive lifetime of doe’s and buck’s, number of kidding per 
doe's life time and kidding interval  were evaluated. Mean 
and standard error were used for reproductive performance 
analysis. 
  
Data analysis   
Multivariate analysis of SPSS version 20 was used for 
quantitative data ascertain the goat type, district, dentition 
(1PPI, 2PPI, 3PPI 4PPI and broken teeth) and sex. General 
linear model (GLM) of multivariate analysis of SAS (2000) 
was used to quantify fixed effects such as the goat type, 
agro-ecology and sex. Pair wise comparison was employed 
when it was significant to reveal the difference between 
means. The model used for GLM analysis was in the fol-
lowing formula: 
  

Yijkl=  + Ai + Sj + Dk + Bl + AiBi + BiDk + eijkl 
 
Where:  
Yijk: observed measurement. 

: overall mean.  
Ai: effect of ith  age group.  
Sj: effect of jth sex (male and female).  
Dk: effect of kth district or agro-ecology.  
Bl: effect of lth breed (dairy type goat, dual purpose goat 
and meat type goat). 
AiBi: effect of age by breed interaction. 
BiDk: effect of breed by district interaction. 
eijkl: random residual error.  

 

  RESULTS AND DISCUSSION 
Flock structure 
The proportion of goats at different sex and age classes 
follow similar trends, where breeding did represent the 
largest class, followed by kids (Table 2). These results were 
in line with Tesfaye, (2009); Dhaba et al. (2012) and 
Solomon (2014).  The sampled goat population structure by 
age and sex. About 22.2% older females’ ages structured 
with 3PPI and 47.8% with 4PPI. The younger males struc-
tured (39.3%) with 1PPI and 39.3% with 2PPI. The 
younger females (1PPI and 2PPI) and extreme older fe-
males accounted 9.7% 1PPI, 18.8% 2PPI and 1.4% broken 
teeth, respectively. The older male goats 3PPI, 4PPI and 
broken teeth accounted 14.3%, 3.6% and 3.6%, respectively 
(Table 3). The proportions of breeding were higher in a 
sampled population and followed by kids. Similar results 
were reported in Ethiopia indicating that herders keep more 
proportion of females than males (Dhaba et al. 2013; 
Dereje et al. 2013). 

Reproductive performances of goats 
In Farta district, the average age at sexual maturity of male 
(Mean±SE) was 7.04 ± 0.41 months. This was in line with 
the result of Solomon (2014) who reported 7.4 ± 2.01 
months for western Lowland male goats. However, age at 
first service of male goats was longer in Gonji kolela 
(9.84±0.95) and Ebnat (11.54±1.28) districts (Table 4).  

The two districts show delayed age at sexual maturity of 
males compared to Farta district but younger than male 
Abergelle goats which were reported 12.3 months 
(Solomon, 2014).  

The overall average age at sexual maturity of female 
goats was 7.36 ± 0.26 months. This was closer to the report 
of Tesfaye (2009). 
 
Goat types characterization based on morphometric 
traits   
Average body length (BL) for dairy, dual and meat type 
goats were 59.65 ± 0.58, 54.87 ± 0.69 and 55.52 ± 0.74 cm, 
respectively (Table 5). There were significantly higher 
(P<0.05) values of average body length for dairy type goats 
than dual and meat type goats. When compared from the 
exotic goats, the body length of indigenous dairy goat type 
was lower than Alpine and Saanen goats which have 74.33 
± 3.93 cm and 74.28 ± 4.78 cm, respectively (Nemeth et al. 
2010).   

About 25-36 months and above female goats have 69.31 
± 1.85 cm body lengths in Peshawar, Pakistan which was 
also higher than this result (Hamayun et al. 2006). However 
significance difference observed among indigenous goat 
types in the study population.  

Average diagonal body length (DBL) for dairy, dual and 
meat type goats were 64.52 ± 0.62, 59.93 ± 0.73 and 61.22 
± 0.78, respectively. Average heart girth (HG) in these 
breeds was 79.27 ± 0.69, 75.44 ± 0.81 and 75.31 ± 0.87 cm, 
respectively. There were significantly higher (P<0.05) val-
ues of average diagonal body length and heart girth for 
dairy type goats than dual and meat type goats. Heart girth 
of the present dairy goats was lower than Beetal goats in 
Pakistan which have 82.0 ± 3.49 cm heart girth (Abdul, 
2011).  

Heart girth of Jamnapari female goats in India was 76.1 ± 
0.38 cm, which was lower than the result of dairy type 
goats (FAO, 1982). About 25-36 months and above Beetal 
goats have 74.89 ± 0.93 cm heart girth which was lower 
than the present dairy type goats (Hamayun et al. 2006). 

Dairy type goats was significantly higher (P<0.05) aver-
age pelvic width (15.05±0.20 cm) than dual (13.09±0.24 
cm) and meat (12.70±0.25 cm) type goats (Table 5). Alpine 
and Saanen goats have 17.21 ± 1.07 and 18.49 ± 2.29 cm, 
respectively pelvic width in Hungary, which is higher than 
the present finding (Nemeth et al. 2010).  
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Similarly, pelvic height (PH) of dairy type goats 

(73.37±0.54 cm) was significantly higher (P<0.05) than 
dual (71.42±0.64 cm) and meat (71.44±0.68 cm) type goats.  

Average rump width (RW) and rump length (RL) were 
19.31 ± 0.19 cm and 16.61 ± 0.16 cm for dairy type goat, 
17.61 ± 0.23 cm and 15.29 ± 0.19 cm for dual type goat and 
17.35 ± 0.25 cm and 15.37 ± 0.21 cm for meat type goats 
(Table 6). Dairy type goats have significantly higher 
(P<0.001) values for rump width and rump length than dual  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Description of the study areas 

  Agro-ecology 

Lowland  Midland (Gonji-
kolela) 

Highland Study area characteristics
(Ebnat) (Farta) 

Distance from Regional city (Bahir Dar) 122  70  97  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
 

and meat type goats. The present result of rump width  for 
dairy type goats was higher than Beetal goats which have a 
rump width of 15.4 ± 2.60 and 17.6 ± 3.55 cm in the front 
and 14.7 ± 1.15 and 16.5 ± 1.68 cm towards back in fe-
males and males, respectively (Abdul, 2011). However, the 
finding of rump length of dairy type goatwas comparable to 
Beetal goats which have a rump length of 15.8 ± 1.12 and 
17.3 ± 1.12 cm, for females and males, respectively (Abdul, 
2011). 

 

Altitude a.s.l (m) < 2216 2216  1920-4135  

Rainfall (mm) 500-900  1338  900-1099  

Temperature (co) 25-30  21  9-25  

Area (ha) 249837  64186  103457  

Human population (No) 122514  21333  281280  

Livestock population (No) 562040  260685  432822  

Indigenous goat population 131505  52350  40193  

 

Figure 1 Map of the study areas 
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Dairy specific reproductive trait characterization   
The mean rear udder length (RUL), udder circumference 
(UCC) and teat length (TTL) in these breeds averaged were 
17.14 ± 0.28, 31.39 ± 0.59 and 3.71 ± 0.07 cm, 14.21 ± 
0.48, 26.75 ± 1.01 and 3.41 ± 0.12 cm and 13.44 ± 0.38, 
24.67 ± 0.81 and 3.01 ± 0.09 cm, respectively. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Whereas, the mean rear udder diameter (RUD), for dairy, 
dual and meat type female beetal goats were 10.04 ± 0.22, 
8.66 ± 0.37 and 8.01 ± 0.30 cm, respectively (Table 7). 
Dairy type female goats had significantly higher (P<0.001) 
values for all udder and teat measurements than dual and 
meat type female goats.  

Table 2 Flock structure of goats by age and sex group (Mean±SE)

Ebnat Farta Gonji-kolela 
Goat categories 

Mean±SE % Mean±SE % Mean±SE % 

Kids < 6 months 11.62±4.06a 31.86 1.77±0.32b 25.84 2.68±0.25b 27.42 

Male kids 6-12 months 2.38±0.83a 6.54 0.38±0.14b 5.62 1.05±0.23b 10.75 

Female kids 6-12 months 3.69±0.91a 10.13 0.31±0.17b 4.49 1.21±0.34b 12.37 

Bucks 3.85±0.68a 10.55 0.77±0.39b 11.24 0.95±0.19b 9.68 

Does 14.08±4.97a 38.61 2.92±0.40b 42.7 3.00±0.26b 30.65 

Castrates  0.85±0.34a 2.32 0.69±0.40a 10.11 0.89±0.21a 9.14 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SE: standard error. 

Table 3 10 goat flock proportion / structure by age and sex groups in a sampled population

Ebnat  Farta  Gonji-kolela Over all  

Age  
 

F  

(%) 

M  

(%) 

Total  

(%)  

F  

(%) 

M  

(%) 

Total  

(%) 

F  

(%) 

M  

(%) 

Total  

(%) 

F 

(%) 

M 

 (%) 

Total  

(%) 

1PPI 
2 

(2.8) 

4  

(26.7) 

6 

(6.9) 

11 

(16.7) 

7  

(53.8) 

18  

(22.8) 

7 

 (10.1) 

0 

(0.0) 

7 

 (10.1) 

20  

(9.7) 

11 

 (39.3) 

31  

(13.2) 

2PPI 
15 

(20.8) 

5  

(33.3) 

20 

 (23.0) 

 12 

(18.2) 

6  

(46.2) 

18  

(22.8) 

12 

 (17.4) 

0 

(0.0) 

12  

(17.4) 

39 

 (18.8) 

11  

(39.3) 

50 

 (21.3) 

3PPI 
13 

(18.1) 
4 

 (26.7) 

17 

 (19.5) 

 16 

 (24.2) 

0 

(0.0) 

16 

 (20.3) 

17 

 (24.6) 

0 

(0.0) 

17  

(24.6) 

46 

 (22.2) 

4 

 (14.3) 

50 

 (21.3) 

4PPI 
42 

(58.3) 
1  

(6.7) 

43 

 (49.4) 

 26 

(39.4) 

0 

(0.0) 

26 

 (32.9) 

31  

(44.9) 

0 

(0.0) 

31  

(44.9) 

99  

(47.8) 

1 

 (3.6) 

100 

 (42.6) 

Broken 
0 

(0.0) 

1 

(6.7) 

1 

(1.1) 

 1  

(1.5) 

0 

(0.0) 

1  

(1.3) 

2 

(2.9) 

0 

(0.0) 

2 

 (2.9) 

3 

 (1.4) 

1  

(3.6) 

4  

(1.7) 

Total 
72 

(82.8) 
15 

(17.2) 
87 

(37.0) 

 66  

(83.6) 

13  

(16.4) 

79  

(33.6) 

69  

(100.0) 

0 

(0.0) 

69  

(29.4) 

207  

(88.1) 

28 

 (11.9) 

235  

(100.0) 
PPI: pair of permanent incisors. 

Table 4 Reproductive performances of goats 
Parameters estimated  Ebnat  Farta  Gonji-kolela Overall  

Age at sexual maturity for male ( months) 11.54±1.28a 7.04±0.41b 9.84±0.95a 9.52±0.60 

Age at sexual maturity for female (months) 7.54±0.50a 7.46±0.53a 7.16±0.40a 7.36±0.26 

Age at first kidding (months)  12.54±0.47a 12.42±0.46a 12.16±0.40a 12.34±0.25 

Reproductive lifetime of doe’s (year) 8.69±0.62a 7.38±0.62a 8.53±0.50a 8.24±0.33 

Reproductive lifetime of buck’s (year) 4.23±0.44a 3.73±0.56a 4.13±0.24a 4.04±0.22 

Number of kidding per doe's life time 17.77±1.45a 12.00±0.95b 15.47±1.58ab 15.13±0.88 

Kidding interval (months) 5.80±0.13a 8.61±0.42b 6.21±0.14a 6.79±0.22 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 

Table 5 LSM ± SE body length, neck length, diagonal body length, heart girth and height at wither for goat type, district, age, sex and age by goat type 
interaction 

BL NL DBL HG HW 
Effect and level 

LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE 

Grand  57.08±0.42 30.58±0.26 62.23±0.43 77.04±0.47 70.80±0.41 

Goat type  *** *** *** *** ** 

Dairy 59.65±0.58a 32.26±0.37a 64.52±0.62a 79.27±0.69a 72.16±0.61a 

Dual 54.87±0.69b 29.62±0.43b 59.93±0.73b 75.44±0.81b 69.05±0.72b 

Meat 55.52±0.74b 29.01±0.46b 61.22±0.78b 75.31±0.87b 70.66±0.77ab 
BL: body length; NL: neck length; DBL: diagonal body length; HG: heart girth and WH: wither height. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
* (P<0.05) ** (P<0.01) and *** (P<0.001).  
LSM: least square mean; Nm: not measured; NS: non significant and SE: standard error.  
PPI: pair of permanent incisors. 
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West African Dwarf (WAD) goat has 12.00 ± 0.34 cm 
udder widths in semi intensive management system in Ni-
geria, which was higher than the present rear udder diame-
ter (Abu et al. 2013). However, udder circumference 
(25.44±0.58 cm) and teat length (2.40±0.11 cm) of greater 
than two years WAD goat in Nigeria were lower than the 
present dairy type goats (Abu et al. 2013). Scrotum length, 
scrotum width and scrotum circumference were 13.75 ± 
1.09, 9.37 ± 0.89 and 23.75 ± 1.74 cm in dairy type male 
goats, 12.85 ± 0.69, 9.20 ± 0.56 and 24.26 ± 1.10 cm in 
dual male goats and 12.21 ± 0.63, 8.44 ± 0.52 and 22.92 ± 
1.00 cm in meat type male goats, respectively. 

 

  CONCLUSION 

From this study, it was possible to see that goats’ milk pro-
vides more nutritional and therapeutic value than dairy 
cows, which can satisfy the nutritional requirement with 
small amount. Goats’ milk is easy to drink and is a richer 
food because it has more calcium, phosphorous and chlo-
rine than cow’s milk. But the dairy goat industry is not yet 
started in Ethiopia in general and in Amhara region in par-
ticular as the goat breeding and reproduction was not identi-
fied as dairy, meat and dual purpose types. There were sig- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
nificant differences among indigenous dairy type goats 
from dual and meat type goats in almost all morphological 
quantitative traits but there is no specialized production and 
system in the area to enhance production and productivity. 
The results of dairy specific trait morphological characteri-
zation such as the mean rear udder length, udder circumfer-
ence and teat length and rear udder diameter for dairy goat 
types were comparable with other internationally known 
dairy goat breeds. However, there is no specialized dairy 
goat breeding, reproduction and corresponding production 
system in the region.  Therefore, morphological traits iden-
tification, breeding and multiplication of superior dairy type 
goats with specialized and intensive production system are 
crucial to increase the milk productivity of their goats and 
thereby improving the livelihood of the farmers. 
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Table 6 LSM ± SE pelvic width, pelvic height, rump width, rump length, for goat type, district, by goat type interaction 

PW PH RW RL 
Effect and level 

LSM±SE LSM±SE LSM±SE LSM±SE 

Grand  13.82±0.15 72.26±0.36 18.27±0.14 15.88±0.12 

Goat type  *** * *** *** 

Dairy 15.05±0.20a 73.37±0.54a 19.31±0.19a 16.61±0.16a 

Dual 13.09±0.24b 71.42±0.64b 17.61±0.23b 15.29±0.19b 

Meat 12.70±0.25b 71.44±0.68b 17.35±0.25b 15.37±0.21b 

Disrtict  * ** NS *** 

Ebnat 13.69±0.20a 72.68±0.46a 18.24±0.21 15.39±0.16a 

Farta 13.88±0.21a 71.68±0.49a 18.20±0.22 16.36±0.17b 

Gonji-kolela 14.47±0.23ab 74.07±0.52b 18.35±0.24 16.33±0.18b 
PW: pelvic width; PH: pelvic height; RW: rump width and RL: rump length. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
* (P<0.05) ** (P<0.01) and *** (P<0.001).  
LSM: least square mean; NS: non significant and SE: standard error.  

Table 7 LSM ± SE rear udder diameter, rear udder length, udder circumference, teat length, scrotum length, scrotum width and scrotum circumference 
for goat type, district, age, sex and age by goat type interaction 

RUD RUL UCC TTL SL SW SCC 
Effects and level 

LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE LSM±SE 

Grand  9.21±0.17 15.55±0.24 28.63±0.48 3.46±0.05 12.69±0.42 8.88±0.35 23.56±0.66 

Goat type  *** *** *** *** NS NS NS 

Dairy 10.04±0.22a 17.14±0.28a 31.39±0.59a 3.71±0.07a 13.75±1.09 9.37±0.89 23.75±1.74 

Dual 8.66±0.37b 14.21±0.48b 26.75±1.01b 3.41±0.12b  12.85±0.69 9.20±0.56 24.26±1.10 

Meat 8.01±0.30b 13.44±0.38b 24.67±0.81b 3.01±0.09c 12.21±0.63 8.44±0.52 22.92±1.00 

District  NS NS NS NS NS * * 

Ebnat 9.07±0.29 15.78±0.40 28.52±0.82 3.42±0.09 13.03±0.56 9.45±0.43a 24.71±0.82a 

Farta 9.10±0.31 15.24±0.43 28.14±0.88 3.52±0.10 12.23±0.65 8.09±0.50b 22.00±0.95b 

Gonji-kolela  9.45±0.29 15.60±0.40 29.16±0.82 3.44±0.09 Nm Nm Nm 
RUD: rear udder diameter; RUL: rear udder length; UCC: udder circumference; TTL: teat length; SL: scrotum length; SW: scrotum width and SCC: scrotum circumference. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
* (P<0.05) ** (P<0.01) and *** (P<0.001).  
LSM: least square mean; Na: not applicable; Nm: not measured; NS: non significant and SE: standard error.  
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Effect of Essential Oils of Zataria multiflora, 
Eucalyptus globolus and their Combination 
on Fermentation Parameters using Merghoz Goat 
Rumen Liquor  

 

 

 

  INTRODUCTION 
 

Improving the protein and energy efficiency in ruminant 
nutrition is a major concern. Essential oils (EOs) have 
strong antimicrobial properties and can modulate ruminal 
fermentation to improve nutrient utilization in ruminants by 
decreasing deamination, methanogenesis activity and meth-
ane production in the rumen (Benchaar et al. 2008). Zataria 
multiflora (ZM) is a medicinal plant which belongs to the 
family Labiatae. The essential oils of ZM have strong in-
hibitory effects against some bacteria. Carvacrol, a 
monoterpenoid phenol, is the main constituent of ZM esse- 
 

ntial oil (Talebzadeh et al. 2012). The other major constitu-
ents were p-cymene, thymol, p-pinene and carvacrol methyl 
ether. Eucalyptus globolus (EG) is a tall evergreen tree and 
produce a wide variety of oils. The main active ingredient 
of EG essential oil is 1, 8- cineole. Pinene, o-cymene and 
limonene are the other components of EG (Maciel et al. 
2010). Based upon these characteristics, an in vitro experi-
ment was conducted to study the addition effect of ZM and 
ZM essential oils, and their combination to alfalfa hay in-
cubated with buffered rumen liquor of Merghoz goat on in 
vitro gas production, rumen fermentation and protozoa 
population.  

S. Mirzaei Cheshmehgachi1, M.M. Moeini1, F. Hozhabri1* and

In this experiment, different doses of Zataria multiflora (ZM) and Eucalyptus globolus (EG) essential oils 
(EOs) (0, 100, 250, 500, 750 and 1000 µg/mL) and a mixture of them were added to alfalfa hay incubated 
with buffered rumen liquor of Merghoz goat to assess in vitro gas production, rumen fermentation and pro-
tozoa population. In all treatments the asymptotic gas volume (B) and the rate constant (c) were decreased 
while the lag phase was increased. There were no effects of ZM and EG on pH, but in high doses of ZE pH 
was higher than that of control (P<0.001). The ammonia-N concentration was decreased due to addition of 
combination of EOs (P<0.01) and volatile fatty acid concentration was reduced (P<0.01) following incorpo-
ration of EOs. Gas production and organic matter digestibility were decreased (P<0.01) 24 h after incuba-
tion, whereas the partitioning factor was increased. Metabolizable energy was decreased, (P<0.05). By in-
clusion of EOs, total protozoa population and individual genera reduced (P<0.001). The results revealed 
that EOs of ZM and EG could be potentially used to modulate rumen fermentation, but using them at high 
level doses have anti-protozoal effects. 

KEY WORDS  methane production, organic matter digestibility, partitioning factor, protozoa popu‐

lation. 
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  MATERIALS AND METHODS 
Essential oils  
Air-dried aerial parts of ZM at full flowering stage (col-
lected from Shiraz Province, Iran) and Eucalyptus leaves 
(collected from, Kermanshah Province, Iran), were hydro-
distillated for 2.5 h, using Clevenger-type apparatus, ac-
cording to the method described by the British Pharmaco-
poeia (1988). The amount of oil that was obtained from ZM 
and EG were 2.24% and 2.60%, respectively. Essential oils 
were dried over anhydrous sodium sulphate and stored in 
sealed glass vials at 4 ˚C. Stock solutions were prepared by 
dissolving the essential oils in absolute ethanol (mg/mol). 
For control bottles also equal volumes of ethanol (1% 
vol/vol) were added as a positive control. 
 
Rumen inoculum 
Rumen inoculums were collected from six Merghoz goats 
using esophageal tube before morning feeding of a diet 
containing alfalfa hay. The chemical composition of the 
diet was organic matter (OM), 930 g/kg; crude protein 
(CP), 138.6 g/kg; neutral detergent fiber (NDF), 544 g/kg; 
ether extract, 15.6 g/k on dry matter (DM) basis. Rumen 
contents were strained through four layers of cheese cloth 
and were continuously purged with CO2 to stabilize an-
aerobic condition and kept at 39 ˚C in a water bath before 
use. 
 
In vitro gas production (IVGP) 
For measuring the kinetics of gas production, 200 mg of 
alfalfa hay was weighed into a 120 mL Wheaton vial. The 
vials were subsequently filled with 30 mL of inoculation 
medium consisting of 10 mL of rumen fluid and 20 mL of 
buffer solution as described by Menke and Steingass 
(1988). ZM or EG essential oils (0, 150, 300, 450 and 600 
µg/mL) and a combination of them (0, 250, 500, 750 and 
1000 µg/mL) were added to the vials, subsequently. Three 
bottles as blanks containing 30 mL of inoculation medium 
were also included. The vials were sealed (under CO2) and 
placed in a rotor inside incubator (39 ˚C). The gas pressure 
was recorded at 0, 2, 4, 6, 8, 10, 12, 24, 32, 48, 72, 80 and 
96 h after incubation. The pressure of gas produced in each 
vial was recorded using a pressure transducer (Testo 512; 
Testo Inc. Germany). These recorded pressures were used 
to estimate the generated gas volumes (Lopez et al. 2010). 
After subtraction of gas production from blank bottles, data 
were fitted to exponential model (Ørskov and McDonald, 
1979): 
 
y= B [1 − exp −c × (t−lag)] 
 
Where:  
 

y: cumulative volume of gas produced at time t (h).  
B: asymptotic gas volume.  
c: rate constant. 
lag: time (h) between inoculation and commencement of 
gas production. 
 
Chemical analysis 
Alfalfa sample was oven-dried and ground through a 1 mm 
screen mill (Foss, model CyclotecTM 1093). 500 mg of the 
substrate and 40 mL of buffered rumen fluid were added to 
the bottles (Makkar, 2010) and different doses of EOs were 
included, subsequently. After 24 h incubation, the pressure 
of gas produced in the headspace of each bottle was re-
corded using a pressure transducer (Testo 512; Testo Inc. 
Germany). Then bottles were respectively transferred to an 
ice bath to stop fermentation and then opened to measure 
medium pH using a pH meter (Inolab level 2, Germany). 
Supernatants were collected and frozen at −20 ˚C until 
ammonia and total volatile fatty acids (TVFA) analysis. 
NH3-N concentration of the bottle content was determined 
by spectrophotometer (CARY100, VARIAN) according to 
Broderick and Kang (1980). Total VFAs concentration was 
measured by Markham apparatus according to the method 
described by Barnett and Reid (1957) and methane content 
of the produced gas was determined according to Demeyer 
et al. (1988) and Fievez et al. (2005). The metabolizable 
energy (ME) of substrate was calculated on the basis of the 
formula proposed by Menke and Steingass (1988), as fol-
lows: 
 
ME (MJ/kg DM)= 2.20 + 0.136 × GP + 0.0057 × CP + 
0.00029 × EE2 
 

Where:  
ME: metabolizable energy (MJ/kg DM).  
EE: ether extract.  
GP: cumulative gas production after 24 h incubation. 
 

In a separate run, in vitro organic matter digestibility 
(OMD) after 24 h incubation was calculated using method 
described by Makkar (2010). The ratio of substrate truly 
degraded (mg) to gas volume (mL) at different incubation 
times was expressed as the partitioning factor (PF) which 
was determined according to Blümmel et al. (1997). Also 
microbial mass was calculated as mg substrate truly de-
graded − (mL gas volume×stoichiometrical factor) as de-
scribed by Blümmel et al. (1997). 
 

Protozoa enumeration 
For counting protozoa population, whole contents of vials 
were sustained by diluting with an equal volume formalin 
solution.  
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Total numbers and three subfamilies of Entodiniinae, 
Ophryscolecinae, Diplodiniinae and family Isotrichdae of 
ciliate protozoa were identified according to the procedures 
described by Dehority (1993).  

Statistical analyses 
The observations of experiment were subjected to statistical 
analysis of variance using the following model to examine 
the effects of different doses of ZM, EG or their combina-
tion on all parameters in three replicates: 

Yij = μ + Ti + eij 

Where:  
Yij: observation.  
μ: overall mean for each parameter.  
Ti: effect of doses.  
eij: residual error.  

Data were analyzed using the procedure of SPSS 23.0 
software (SPSS, 2015). For all analyses, specific orthogonal 
contrasts were used to test 1) control vs. the average of EOs 
doses and 2) linear (L), quadratic (Q) and cubic (C) effects 
of EOs doses on parameters. For protozoal count data, nor-
mality assumptions of residuals were tested using Proc Uni-
variate (SPSS 23.0) with the Kolmogorov–Smirnov test. 
For all statistical analyses, significance was declared at 
(P<0.05) and trends at (P<0.1). The data for kinetics were 
processed with the y= B [1 − exp −c × (t−lag)] using the 
Prism 3.0 software. The results were subjected to one-way 
variance analysis and compared by using the Duncan test 
with 5% probability. 

  RESULTS AND DISCUSSION 
Effects of essential oils on gas production 

Results showed that control group had the higher 
(P<0.001) ‘B’ and ‘c’ values and the lower (P<0.001) lag 
time (L) than those of other treatments (Table 1). A large 
increase in lag time was observed in high doses of essential 
oils for all treatments.  

Similar to the present study, Taghavi-Nezhad et al. 
(2014) found that asymptotic gas production and rate of gas 
production decreased with the addition of Zataria multi-
flora essential oil to a concentrate-based substrate and 
Talebzadeh et al. (2012) reported comparable results with 
the incorporation of 150-600 mg/mL of Zataria multiflora 
essential oil to the incubation medium. This reduction can 
be due to decreased fermentation activity of microorgan-
isms. Gallucci et al. (2009) reported that carvacrol and 
thymol (the main constituents of ZM) are known to have 
bactericidal or bacteriostatic effects.  

The eucalyptus is also a rich source of an antiseptic com-
ponent (cineole) and contains substances with strong anti-
bacterial properties (Sallam et al. 2009). Results showed 
that ZM and EG were more effective than their combination 
in reducing gas production.  

A noticeable increase in the ‘L’ value was observed at 
high doses of EOs. This is due to the fact that essential oils 
decrease colonization and digestion of readily fermentable 
substrates without effect on fibrous substrates (Wallace et 
al. 2002). Others have also shown that phenolic compounds 
inhibit digestion of soluble fractions of feeds as well as the 
attachment of bacteria to insoluble components of feeds 
(McAllister et al. 1994). 

The gas production after 24 h (GP24) was decreased by 
different levels of essential oils of ZM, EgG (P<0.001) and 
their combination (P<0.05). This finding is in agreement 
with observations of Macheboeuf et al. (2008) reporting 
decrease in gas production up to 83% after addition of 
oregano to the incubation media. Carvacerol and thymol 
caused a reduction in gas production (Benchaar et al. 2007). 
Reduction in gas production may due to decline in TVFA 
(Table 2), methane productions (Table 1) and fermentable 
organic matter (Table 2).  

Methane production decreased (P<0.001) with increased 
level of essential oils in all the treatments and it might be 
due to decreased gas production which represent reduction 
in fermentation of incubated material. Sallam et al. (2009) 
also observed the linear reduction in methane emission due 
to the Eucalyptus essential oil supplementation. They em-
phasized that the reduction in methane production was at-
tributed to a decrease in the fermentable substrate rather 
than to a direct effect on methanogenesis.  

Garcia-González et al. (2008) in their study also showed 
that plant active compounds can reduce methane production 
by affecting protozoa population. Methane production de-
creased in batch culture when essential oils were added at 1 
μL/mL or at 70, 140 and 280 ppm (Jahani-Azizabadi et al. 
2014). 

Fermentation parameters and digestibility 
Treatment with Zataria and Eucalyptus did not affect pH of 
media and it was in normal range but the combination of 
EOs increased the value of pH (P<0.05). Supplementation 
of diet with cinnamaldehyde (the active compound of cin-
namon) in dairy cows (Benchaar et al. 2008) and beef cattle 
(Yang et al. 2010) did not alter ruminal pH. The ammonia 
nitrogen (NH3-N) was not affected by Eucalyptus or low 
doses of Zataria but it decreased due to incorporation of the 
combination of EOs (P<0.05) and high doses of Zataria 
(P<0.001). At all doses of Eucalyptus and low doses of 
Zataria the concentration of NH3-N remained unchanged. 
At high doses of Zataria decline in NH3-N was observed. 
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However, in this study the NH3-N in all levels of essen-
tial oils was in normal rang (85-300 mg/L, McDonald et al. 
2010). A reduction in ammonia concentration reflects an 
inhibitory effect of EOs on proteolytic activity of rumen 
microorganisms. As reported essential oils inhibit amino 
acid deamination by ruminal microbes (Mcintosh et al. 
2003) and lead to a reduction in protozoal population 
(Newbold et al. 2004). 

The levels of 750 and 1000 µg/mL of EOs, decreased the 
concentration of TVFA. It might be a result of inhibited 
protozoa activity in the rumen (Williams and Coleman, 
1992; Table 3).  

The inconsistency of VFAs concentration because of es-
sential oils was observed in the literatures. With the use of 
plant secondary metabolites, Spanghero et al. (2008) found 
decrease in VFAs, but Newbold et al. (2004) reported that 
essential oils tended to stimulate VFA production and 
Talebzadeh et al. (2012) observed an increase in TVFA by 
adding low level (150 µg/mL) of ZM to the fermentation 
media. In contrast, Beauchemin and McGinn (2006) re-
ported no changes in VFAs production, and Castillejos et 
al. (2007) observed different responses to EOs concerning 
VFAs production depending on the type and dose of EOs 
and experimental conditions. 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 

 

These differences may be due to the synergistic effects of 
cineole, carvacrol and other secondary metabolites in euca-
lyptus and ZM essential oil (Joch et al. 2016). Organic mat-
ter digestibility was influenced by incorporation of EOs and 
the effect was more significant in EG than other treatments. 
Reduction in OMD might be a consequence of decrease in 
fermentation of substrate due to EOs as can been seen from 
reduced gas production (Table 1). Same to this result, cin-
namon oil (Fraser et al. 2007) and thymol (Castillejos et al. 
2007) caused decline in dry matter digestibility, however, 
addition of eugenol had no significant effect (Castillejos et 
al. 2007). Higher values for PF were obtained at levels > 
500 µg/mL of EOs. Microbial biomass (MB) and efficiency 
of microbial biomass by adding ZM (at all levels) or EG 
and their combination (at high levels) were increased (Ta-
ble 2). Similar to these results, other investigators reported 
an increase in PF and MB by supplementation of Thymus 
kotschyanus (Mirzaei et al. 2016) and Zingiber multifloria 
(Talebzadeh et al. 2012) essential oils. As partitioning fac-
tor (PF) represents the efficiency of fermentation and mi-
crobial protein production (Blümmel et al. 1997), probably 
digested organic matter by addition of EOs resulted in 
greater microbial biomass growth rather than VFA produc-
tion (Taghavi-Nezhad et al. 2011).  

Table 1 Effect of different doses of essential oils on kinetics of gas production

Essential oil (EO, µg/mL) Contrasts2

Parameters
0 100 250 500 750 1000

SEM  
Control vs. EO L Q C

Zataria multiflora 
B 281.56d 330.73e 290.06d 213.63c 124.26b 52.09a 23.96 *** *** *** *** 

C 0.051c 0.029abc 0.017ab 0.017ab 0.041bc 0.009a 0.004 ** * NS *

L 1.30a 4.24ab 10.67bc 15.89c 10.61bc 13.84c 1.44 *** *** * NS

GP24 mL/g OMD 374.43e 325.40d 249.46c 178.86b 156.06b 64.13a 25.61 *** *** NS NS 

Methane % of GP24 29.97d 26.95d 18.41c 17.38c 11.96b 2.47a 2.24 *** *** NS NS 

Methane mL/g OMD 112.36f 87.66e 45.93d 31.06c 18.60b 1.80a 9.45 *** *** *** NS 

Eucalyptus globolus
B 281.56c 298.36cd 311.50d 272.23c 191.46b 100.99a 18.1 *** *** *** NS 

C 0.051b 0.031a 0.025a 0.016a 0.018a 0.032b 0.003 ** * ** NS

L 1.30a 3.23ab 3.22ab 10.24bc 10.56bc 13.84c 1.36 * *** NS NS 

GP24 mL/g OMD 374.43d 369.2d 355.7d 306.16c 262.8b 193.86a 16.10 *** *** *** NS 

Methane % of GP24 29.97e 26.60cd 23.96cd 20.48bc 16.58b 3.42a 2.22 *** *** * NS

Methane mL/g OMD 112.36d 94.56cd 88.26c 63.23b 43.66b 7.16a 8.85 *** *** * NS

Zataria and Eucalyptus combination
B 281.56c - 320.16d 274.56c 176.66b 113.90a 20.63 *** *** *** ** 

C 0.051b - 0.020a 0.013a 0.013a 0.023a 0.004 *** ** ** NS 

L 1.30a - 10.13ab 17.04bc 23.08c 17.30bc 2.33 ** ** * NS

GP24 mL/g OMD 374.43c - 348.2bc 308.46b 257.06a 230.03a 15.66 * *** NS NS 

Methane % of GP24 29.97c - 25.27c 18.57b 11.24a 11.03a 2.13 *** *** NS NS 

Methane mL/g OMD 112.36d - 88.03c 57.13b 29.36a 25.23a 9.32 ** *** NS NS 
1 B: the asymptotic gas volume; c: the rate constant and L: lag time.
2 L: linear; Q: quadratic and C: cubic. 
GP: gas production and OMD: organic matter digestibility.  
The means within the same column with at least one common letter, do not have significant difference (P>0.05; P>0.01 and P>0.001).  
SEM: standard error of means. 
NS: non significant.  
* (P<0.05); ** (P<0.01) and *** (P<0.001).
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Table 2 Effect of different doses of essential oils on in vitro fermentation parameters

Essential oil (EO, µg/mL) Contrasts2 
Parameters 

0 100 250 500 750 1000 
SEM Control 

vs. EO 
L Q C 

Zataria multiflora 
pH 6.65 6.61 6.67 6.74 6.75 6.72 0.231 NS NS NS NS 
NH3-N (mg/L) 162.29bc 171.83c 182.50c 147.96bc 126.87ab 94.5a 11.1 NS ** * NS 
TVFA (mmol/L) 51.66bc 61.66c 53.33bc 47.58b 22.00a 21.01a 3.98 * *** ** * 
OMD (mg) 179.43cd 189.43d 187.56d 170.06c 139.43b 127.03a 5.94 ** *** *** ** 
PF 3.05a 3.23ab 3.35ab 3.46b 3.34c 6.49d 0.202 *** *** *** *** 
MB (mg) 50.13a 60.38ab 64.36b 61.90ab 68.71b 84.01c 2.85 ** *** NS * 
EMB (%) 27.77a 31.82ab 34.26b 36.31b 49.28c 66.07d 3.21 *** *** *** * 
ME (MJ/kg DM) 10.27e 10.26e 9.94d 9.05c 6.74b 6.94a 0.488 *** *** *** * 

Eucalyptus globolus 
pH 6.65 6.71 6.64 6.73 6.80 6.76 0.215 NS NS NS NS 
NH3-N (mg/L) 162.29a 146.37a 156.63a 164.25a 165.50a 165.67a 0.854 NS NS NS NS 
TVFA (mmol/L) 51.66b 43.33ab 65.00c 68.33c 30.83a 31.66a 3.82 NS ** *** NS 
OMD (mg) 179.43b 153.90a 146.8a 159.7a 160.66a 159.4a 2.77 *** NS ** ** 
PF 3.05c 2.64ab 2.53a 2.90bc 3.38d 5.08e 0.210 * *** *** * 
MB (mg) 50.13c 25.99ab 19.25a 38.69bc 56.17c 90.42d 5.18 NS *** *** NS 
EMB (%) 27.77b 16.83a 13.03a 24.15b 34.78c 56.71d 3.52 NS *** *** NS 
ME (MJ/kg DM) 10.27d 10.19d 10.17d 9.76c 8.47b 6.65a 0.339 *** *** *** *** 

Zataria and Eucalyptus combination 
pH 6.65a - 6.59a 6.73ab 6.86bc 6.92c 0.037 * *** NS NS 
NH3-N (mg/L) 162.29b - 124.39a 115.65a 120.99a 109.33a 5.56 *** *** * NS 

TVFA (mmol/L) 51.66b - 42.66ab 42.65ab 33.33a 36.00a 2.03 ** ** NS NS 

OMD (mg) 179.43d - 176.78d 150.70c 130.43b 117.41a 6.66 *** *** NS * 
PF 3.05a - 3.02a 3.61b 4.20c 4.96d 0.20 *** *** ** NS 
MB (mg) 50.13a - 48.13a 58.81ab 61.97b 65.28b 2.21 ** *** * * 

EMB (%) 27.77a - 27.22a 39.01b 47.46c 55.57d 3.02 *** *** * * 

ME (MJ/kg DM) 10.27c - 10.23c 7.96b 6.06a 5.50a 0.544 *** *** NS ** 
1 NH3-N: ammonia nitrogen; TVFA: total volatile fatty acids; OMD: organic matter digestibility; PF: partitioning factor; MB: microbial biomass; EMB: efficiency of microbial 
biomass and ME: metabolizable energy. 
2 L: linear; Q: quadratic and C: cubic. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05; P>0.01 and P>0.001).  
SEM: standard error of means. 
NS: non significant.  
* (P<0.05); ** (P<0.01) and *** (P<0.001). 

Table 3 Effect of different doses of essential oils on protozoa population (×104/mL)

Essential oil (EO, µg/mL) Contrasts  
Parameters 

0 100 250 500 750 1000 
SEM 

Control vs. EO L Q C 

Zataria multiflora 
Total protozoa 15.00c 9.44b 8.05ab 4.72a 5.27a 5.83ab 0.93 *** *** ** NS 
Entodinium spp. 11.39c 8.33bc 7.50ab 4.44a 5.27ab 5.83ab 0.65 *** *** * NS 
Isotricha spp. 0.833b 0.28ab 0.00a 0.00a 0.00a 0.00a 0.11 * * NS NS 
Diplodiniinae 0.833b 0.28ab 0.00a 0.00a 0.00a 0.00a 0.11 * * NS NS 
Ophryoscolecinae 1.94b 0.56a 0.28a 0.28a 0.00a 0.00a 0.22 ** ** NS NS 

Eucalyptus globolus 
Total protozoa 15.00c 9.16b 6.11ab 3.05a 4.45a 3.05ab 1.11 *** *** ** NS 
Entodinium spp. 11.39c 6.66b 5.55ab 3.05a 3.89ab 3.05a 0.77 *** *** ** NS 
Isotricha spp. 0.833a 0.56a 0.28a 0.00a 0.00a 0.00a 0.13 NS NS NS NS 
Diplodiniinae 0.833a 0.833a 0.28a 0.00a 0.56a 0.00a 0.18 NS NS NS NS 
phryoscolecinae 1.94b 1.11a 0.56a 0.00a 0.55a 0.00a 0.26 NS NS NS NS 

Zataria and Eucalyptus combination 
Total protozoa 15.00b - 3.88a 4.72a 3.05a 2.77a 1.30 *** *** ** * 
Entodinium spp. 11.39b - 3.05a 4.16a 3.05a 2.77a 0.94 *** *** ** * 
Isotricha spp. 0.833b - 0.00a 0.00a 0.00a 0.00a 0.12 ** * NS NS 
Diplodiniinae 0.833a - 0.28a 0.28a 0.00a 0.00a 0.13 * * NS NS 
Phryoscolecinae 1.94b - 0.56ab 0.28ab 0.00a 0.00a 0.25 * * NS NS 

1 L: linear; Q: quadratic and C: cubic. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05; P>0.01 and P>0.001).  
SEM: standard error of means. 
NS: non significant.  
* (P<0.05); ** (P<0.01) and *** (P<0.001). 
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Addition of essential oils into substrate caused a reduc-
tion in metabolizeable energy (ME). This result may be 
related to reduction in gas production, VFA concentration 
and OMD in the fermentation medium especially in high 
doses. 
 
Effects of essential oils on protozoa concentration 
The results showed that essential oils decreased total proto-
zoal count (P<0.001). The concentration of Entodinium spp. 
(P<0.01), Isotricha spp., Diplodiniinae and Ophryoscoleci-
nae also reduced (P<0.001). The antiprotozoal effect of 
EOs was most likely due to the phenolic structure of its 
main active compounds (Talebzadeh et al. 2012). Such a 
structure can lead to demolition of cell membrane, inhibi-
tion of enzymes and lack of substrates which are essential 
for cell metabolism (Goel et al. 2005) and it may be related 
to the lipophilic nature of compounds such as anethol which 
facilitates permeation of EO across the protozoal membrane 
(Cardozo et al. 2006). It appeared that population of proto-
zoa was more sensitive to combination of Zataria and Euca-
lyptus essential oils than each of them (Table 3). 
 

  CONCLUSION 

The results of this experiment indicate that EOs of Zataria 
multiflora, Eucalyptus globolus have a potential to manipu-
late rumen fermentation favorably with antimethanogenic 
and defaunating properties. As regards to the essential oils 
combination, there is a need to identify the suitable doses 
without adverse effect on feed digestibility. 
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Effects of Two Sources of Tannins on Performance, 
Nitrogen Utilization and Efficiency of Microbial 
Nitrogen Synthesis in Dairy Goats   

 

 

 

  INTRODUCTION 
 

Extensive alfalfa protein degradation to non protein nitro-
gen (NPN) during ensiling and in the rumen (Muck et al. 
2003) will lead to inefficient utilization of N by ruminants 
and increase environmental N excretion (Deaville et al. 
2010). It also causes the need of expensive supplemental 
protein in silage based diets (Givens and Rulquin, 2004). 
Considerable attention has recently been focused on using 
natural plant extract containing polyphenolic compounds 

(tannins) in order to decrease protein degradation. Tannins 
are plant secondary metabolites that can bind with macro-
molecules such as protein and carbohydrates, hence retard 
rate and extent of their degradations (McSweeny et al. 
2001; Frutos et al. 2004). One of the sources of tannins 
which produce in Iran with an annual production of about 
765500 tonnes is pistachio by-product (PB). PB is obtained 
after de-hulling of fresh pistachio (Pistacia vera) and con-
tains a relatively high amounts of phenolic compounds 
(9.06-14.57% of DM) and tannins (4.97-8.67% of DM) 

The aim of this study was to evaluate the effects of tannic acid (TA) and pistachio by-product tannin extract 
(PBE) on N utilization and efficiency of microbial nitrogen synthesis (EMNS) in Saanen dairy goats. The 
experimental design was a change over design with three treatments and three periods using six mid lacta-
tion multiparous dairy goats. Tannic acid solution and PBE were added to fresh alfalfa at ensiling to get the 
final concentration of about 1% tannin as dry matter (DM) basis. Dietary treatments were as follows: 1) 
untreated alfalfa silage (AS), 2) AS treated with TA (AS+TA) and 3) AS treated with PBE (AS+PBE). In-
take of DM, organic matter (OM) and N and also milk yield and composition (as percent or as g/d) were not 
affected by tannin additions. A considerable shift occurred in the pattern of N excretion in goats fed PBE 
diet compared to control silage diet. Urinary N losses had a tendency (P<0.10) to lower (17.4 vs. 19.2 g/d) 
and fecal N losses was higher for goats fed AS + PBE compared with those fed the AS silage diet (14.6 vs. 
12.6 g/d). As a proportion of N intake or as g N loss per d, retained N was higher (P<0.05) in goats fed AS 
+ PBE compared to those fed the control diet. Microbial nitrogen synthesis (MN) was not affected by tannin 
additions. However, a trend (P<0.10) for less efficiency of microbial nitrogen synthesis (EMN) was ob-
served in tannin fed goats compared to those fed the control diet. Although, tannins added to AS may exert 
some beneficial effects on N utilization and also environmental N outputs, they may interfere with rumen 
fermentation lead to decrease in EMN in goats especially those fed with PBE. 
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depending on extraction methods, particle size of samples, 
extraction time and type of solvent (Mokhtarpour et al. 
2014). Previous studies demonstrated that addition of tan-
nins or tannin rich extract to legumes or grasses can exert 
some beneficial effects on protein degradability and N utili-
zation both in vitro and in vivo (Tabacco et al. 2006; 
Deaville et al. 2010; Mokhtarpour et al. 2015). Recently, it 
has been reported that treating soybean meal by PB extract 
(BPE) in the diets of Holstein bulls (Jolazadeh et al. 2015) 
and also incorporation of PBE in the diets of lambs (Rajaei-
Sharifaadi and Naserian, 2014) decreased ruminal degrada-
tion of protein, increased retained N and resulted in better 
animal performance. We hypothesized that addition of PBE 
to alfalfa silage not only may decrease protein degradability 
but also may improve milk production and N retention of 
dairy goats. Furthermore, since tannin concentration in PBE 
was expressed as tannic acid equivalent (Makkar, 2000) and 
tannins in PBE were mostly hydrolysable, tannic acid was 
also used as a source of commercial hydrolysable tannin for 
treating fresh alfalfa to compare these two sources of tan-
nins. Therefore, the purpose of this study was to determine 
whether addition of TA and PBE to fresh alfalfa at ensiling 
can affect Saanen dairy goat’s performance, nitrogen bal-
ance and microbial nitrogen synthesis. 
 

  MATERIALS AND METHODS 
Preparation of alfalfa silages  
It has been reported that more than 70% of TT in PB can be 
extracted by water (Mokhtarpour et al. 2014) and thus 
eliminating costly solvents such as acetone, methanol or 
ethanol which is commonly used for tannin extraction 
(Makkar, 2000). Preparations of PB extract and alfalfa si-
lages for this experiment are described in our previous 
study (Mokhtarpour et al. 2105). Briefly, sun-dried PB was 
collected from pistachio de-hulling factory in Feizabad 
(Khorasan-e-Razavi Province, Iran), ground to pass a 2-mm 
screen and then was soaked in water with a ratio of 1:5 
(w/v) at room temperature for 12 h. The contents were fil-
tered through cheesecloth and then filtrated extract was 
sprayed on chopped alfalfa (~ 25% DM) with a ratio of 500 
ml/kg DM to get the final concentration of about 1% tannin 
as tannic acid equivalent on DM basis (AS+PBE). To the 
second silo, tannic acid was first dissolved in the same 
amount of water and then sprayed on alfalfa to get the final 
concentration of about 1% tannin. The same amount of wa-
ter was also applied to the third silo as control silage. All 
silos were wilted for 20 h to increase DM content and then 
were ensiled for 60 d. 
 

Animals, experimental diets and management 
Six multiparous Saanen dairy goats (110±13 days in milk, 
1.42±0.29 kg milk production) were used in a change over 

design with three treatments and three periods. Animals 
were kept in individual cage to facilitate separate collection 
of feces and urine. Guidelines for the care and use of ani-
mals were approved by the Animal Care Committee of the 
Ferdowsi University of Mashhad. Dietary treatments were: 
1) untreated alfalfa silage (AS), 2) AS treated with TA 
(AS+TA) and 3) AS treated with PBE (AS+PBE). Each 
experimental period lasted 21 d with the first 14 d used for 
diet adaptation and 7 d for sample collection. Experimental 
diets were formulated to meet the nutrient requirements of 
lactating goats using the Small Ruminant Nutrition System 
(SRNS; version 1.9.4468; Tedeschi et al. 2010). Diets were 
fed as a total mixed ration (TMR) with forage to concen-
trate ratio of 50:50. Diets were offered twice daily ad libi-
tum at 08:00 and 16:00 h and goats had free access to water. 
Chemical composition, phenolic compounds and crude pro-
tein (CP) fractions of silages and the ingredients and 
chemical composition of the diets are presented in Tables 1 
and 2, respectively. 

 
Sampling and data collection  
Feeds and orts were collected before the morning feeding 
and weighed daily during the measurement period and were 
composited for each goat. Dry matter intake was calculated 
by difference between total amount of DM offered and re-
fused. Complete fecal collection of each goat was done 
through the 5-day collection periods and then dried in an 
oven. Daily dried samples were ground and later compo-
sited for each 5-day periods. Composite samples of the 
TMR, feed refusal and feces were dried in an oven, then 
ground to pass through a 2-mm screen and stored for later 
analysis. Urine from each goat was collected daily in plastic 
vessels containing 100 mL 4 N H2SO4 to maintain the pH 
level below 3 to prevent bacterial destruction of total purine 
derivatives (TPD) (Chen and Gomes, 1995). Urine was 
weighed once a day and mixed well and 10% of daily ali-
quot was pooled over the 5-day collection period per animal 
and stored at −20°C for later TPD (i.e., allantoin, uric acid 
and xanthine hypoxanthine) analysis and N content.  

Goats were milked twice daily at 07:00 and 15:00 h and 
individual milk yields were recorded at each milking. A 
daily composite milk sample from the morning and after-
noon milking was taken during the collection period and 
fresh subsamples were analyzed daily for chemical compo-
sition. Animals were weighed on day 22 before feeding, 
and then the diet given to each cow was changed. 

 
Chemical analyses 
Dry matter content of silages, feeds, orts and feces was de-
termined by drying in an oven at 100 ˚C to a constant 
weight (method 934.01). Ash (method 942.05), and acid 
detergent fiber (ADF) (method 973.18) were determined 
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according to AOAC (2005) procedures. Crude protein 
(Kjeldahl N×6.25) was determined by the block digestion 
method using copper catalyst and steam distillation into 
boric acid (method 2001.11) on 2100 Kjeltec distillation 
unit as described in AOAC (2005). Neutral detergent fiber 
(NDF) was determined by the method of Van Soest et al. 
(1991). The sodium sulphite and α-amylase were not used 
and both NDF and ADF were expressed exclusive of resid-
ual ash. Crude protein fractions were determined by Licitra 
et al. (1996) procedure. Tannin assay was conducted ac-
cording to Makkar (2000) procedure. Briefly, after drying 
samples in an oven at 40 ˚C to constant weight in order to 
minimize changes in tannin content and activity, they were 
ground to pass a 2 mm sieve and then 0.5 mm sieve. Ap-
proximately, 200 mg samples were extracted in four repli-
cates in 70% aqueous acetone (v/v) by using an ultrasonic 
bath for 20 min. After centrifugation (3000 g/min, 4 ˚C, 10 
min), the supernatant was collected and kept in refrigerator 
(4 ˚C). Total phenolic compounds (TP) and total tannins 
(TT) were determined by Folin-Ciocalteu reagent using 
tannic acid (Merck GmbH, Darmstadt, Germany) as a stan-
dard (Makkar, 2000). The values of TP and TT were ex-
pressed as tannic acid equivalent.  

Microbial nitrogen synthesis (MNS) was estimated on 
urinary purine derivatives (PD) excretion based on the rela-
tionship derived by Chen and Gomes (1995). The amounts 
of allantoin, uric acid and xanthine plus hypoxanthine were 
determined by spectrophotometric method. The urinary PD 
excreted in a day was used in the iteration process to calcu-
late the microbial nitrogen supply as described by Chen and 
Gomes (1995). Efficiency of microbial nitrogen synthesis 
(EMNS) was calculated as:  
 
EMNS= MN (g/d) / DOMR  
 
Where:  
DOMR: apparently digested OM in the rumen (assuming 
that rumen digestion was 65 g/100 g OM of digestion in 
total tract.  
DOMR= DOMI × 0.65  
DOMI: digestible organic matter intake according to ARC 
(1984). 
 

Milk samples were analyzed for fat, protein, lactose, sol-
ids-not fat, and total solids content by Milk-O-Scan 605 
analyser (Foss Electric, Hillerød, Denmark). The gross en-
ergy content in milk was calculated according to Tyrrell 
and Reid (1965) as:  

 
Milk energy content (MJ/kg)= 4.184 × 2.204 × [41.63 × fat 
(%) + 24.13 × protein (%) + 21.60 ×lactose (%) − 117.2] / 
1000. 

Statistical analyses 
Mixed procedure of SAS (2001) was used to analyze data 
as a following model for a change over design: 
  
Yijk= µ + Ti + Pj + Ck + εijk 
 
Where:  
Yijk: dependent variable.  
µ: overall mean.  
Ti: fixed effect of treatment (i=1, 2, 3).  
Pj: fixed effect of period (j= 1, 2, 3).  
CK: random effect of goat.  
εijk: random residual error. 
 

Least squares means procedure (LSMEANS) was used to 
test the differences among means if a value of P < 0.05 was 
detected. Trends were discussed at P < 0.10. All results are 
reported as least squares means. 

 

  RESULTS AND DISCUSSION 
The concentration of total tannins in untreated and treated 
silages were, 0.5 and 1.2% of DM, respectively. The pH 
values decreased in silages treated with TA and PBE (Table 
1). A substantial decreased in ammonia N concentration 
occurred in PBE treated silage compared to control and TA 
silages (6.5 vs. 14.7 and 13.5 mg/dL, respectively). Soluble 
protein significantly decreased in AS + PBE compared to 
control (44.8 vs. 49.6). Intake of DM, OM and N and also 
milk yield and composition were not affected by addition of 
tannins (Table 3). Intake, losses and retention of N are 
shown in Table 4. Addition of PBE to alfalfa silage in-
creased fecal N (P<0.05) and lowered urinary N excretions 
(P<0.10) when expressed as g N per day. However, as pro-
portion of N intake, excretion of fecal N was not affected 
by addition of PBE, but urinary N excretion decreased sig-
nificantly. A tendency for lower urinary N excretion 
(P<0.10) was also observed by addition of TA. Milk N as g 
per day or as percentage of N intake was not affected by 
addition of tannins. Retention of N was significantly higher 
in goats fed PBE compared to other treatments when ex-
pressed either as g per day or percentage of N intake. Mi-
crobial N synthesis was not affected by addition of tannins, 
however, EMNS had a tendency to decrease in goats fed 
PBE compared to those fed control diet. In spite of the 
same concentration of tannin in AS + TA and AS + PBE, 
addition of TA to the silage had no effect on any of the pa-
rameters mentioned above.  

Lower pH value in AS + PBE may be due to a relatively 
low pH of 4.95 in PBE (data not shown). Another reason 
could be possibly due to organic acids production during 
fermentation of water soluble carbohydrates in PBE.  
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The action of tannins in AS + PBE to bind proteins and 

reduced proteolysis might cause a decreased in NH3-N and 
soluble protein concentrations (Table 1). 

The lack of a significant effect on dry matter intake 
(DMI) as a result of feeding TA or PBE to dairy goats in 
our trial may have been due to the low concentration of TT 
in silages (Table 1) and in diets (Table 2). The similar milk 
yield and composition in goats fed treated or untreated si-
lages (Table 3) can be due to similar DMI (Table 3). How-
ever, a slight increase in DMI and organic matter intake 
(OMI) (about 9%) was observed in goats fed AS + PBE. 
Dry matter intake in goats fed with PB at 32% of diet DM 
in replacement of alfalfa hay in the ration (2.12% dietary 
tannin) of dairy goats had no effect on DM intake (Sedighi-
Vesagh et al. 2015). Use of PB extract as a source of tannin 
in treating alfalfa silage had no effect on DM intake of 
goats in early lactation (Mokhtarpour et al. 2015). Naserian 
et al. (2015) reported that DM intake of dairy goats was 
increased by increasing pistachio skins (soft external hulls) 
in replacement of wheat bran up to 21% of diet DM (0.45-
1.9% dietary tannin). Higher DM intake in goats fed pista-
chio skins may be due to the positive effect of secondary 
metabolites on ruminal fermentation and higher nutrient 
digestibility observed in that study. 

Similar to our results, feeding PB to dairy goats at 30 and 
32% of diet DM containing 1.81 and 2.12% tannin respec-
tively had no effect on milk yield and composition 
(Ghaffari et al. 2014; Sedighi-Vesagh et al. 2015). In con-
trast, Mokhtarpour et al. (2015) observed an increase in 
milk fat and protein yield by treating alfalfa silage with 1% 
PBE in goats at early lactation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 1 Chemical composition and phenolic compounds of silages 

Treatment 

Item SEM  P-value 
AS AS + TA AS + PBE 

Chemical composition, % of DM      

Dry matter  27.7 27.7 28.3 0.30 0.72 

Crude protein 17.8 17.9 17.5 0.10 0.08 

Neutral detergent fiber 42.8 42.7 43.7 0.39 0.61 

Acid detergent fiber 31.5 27.2 29.3 0.95 0.20 

Ash 9.9 10.5 10.0 0.15 0.31 

Total phenolic compounds† 1.1b 1.4ab 1.7a 0.11 0.04 

Total tannins† 0.5b 1.2a 1.2a 0.13 < 0.01 

A linear increase in milk fat content also occurred by in-
creasing pistachio skins in dairy goats ration, whereas con-
centrations of other milk components were not affected by 
experimental treatments (Naserian et al. 2015). They stated 
that the higher milk fat content in goats fed pistachio skins 
may be partly associated with an increased intake of ether 
extracts (EE) due to higher EE content in pistachio skins 
than wheat bran. 

Regarding similar dietary ingredients and similar N in-
take, changes in N utilization among treatments can be at-
tributed to the tannin added to the silages (Table 4). The 
higher loss of fecal N (g/d) in PBE fed goats suggests that 
already formed tannin–protein complexes may incom-
pletely dissociate post ruminally. This reversibility depends 
on the affinity of tannins to bind proteins (Makkar, 2003) 
and the larger the molecular size of tannins, the higher the 
binding affinity (Ozdal et al. 2013). Thus, our results indi-
cated that PB tannins may be generating some indigestible 
rumen escape protein. According to Butter (1999) an in-
crement in fecal N excretion as a result of tannin addition 
could be due to protein bound to tannin, reduced digestive 
enzymes activity, impaired intestinal function and increase 
in secretion of endogenous proteins. Patra (2010) also re-
viewed that fecal N as percentage of N intake increased in 
sheep fed high foliage diets containing high concentrations 
of tannins. In spite of the same concentration of tannins in 
alfalfa silages treated with TA and PBE, lack of effect on N 
utilization pattern following feeding dairy goats with AS + 
TA revealed that the nature of tannin (chemical structures 
and molecular weight) can influence the animal response to 
dietary tannins.  

pH 5.44a 5.09b 4.68c 0.139 < 0.01 

NH3-N (mg/dL) 14.7a 13.5a 6.5b 1.30  

CP fractions, % of CP‡      

Soluble protein (A+B1) 49.6a 47.3ab 44.8b 0.91 0.01 

A 46.7 44.3 42.3 1.03 0.25 

B1 3.0 2.9 2.5 0.59 0.96 

B2 37.2 41.0 42.5 1.20 0.19 

B3 8.2 7.7 8.2 0.45 0.90 

C 4.9 4.0 4.5 0.24 0.37 
AS: alfalfa silage (control); AS + TA: alfalfa silage with tannic acid and AS + PBE: alfalfa silage with pistachio by-product extract. 
† Expressed as grams of tannic acid equivalent. 
‡ A= non protein nitrogen; B1, B2 and B3= true protein based on decreasing solubility and C= acid detergent insoluble protein. 

The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

51Effects of Two Sources of Tannins on Performance, Nitrogen Utilization and Efficiency of Microbial...

__________________________ WORLD TECHNOLOGIES __________________________



WT

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Similar to our results, Getachew et al. (2008a) reported 

that the pattern of N utilization by sheep was not affected 
by alfalfa hay supplemented with different levels of TA (3 
to 9% DM).  

However, inclusion of PBE shifted partitioning in N from 
urine to feces which is consistent with the results of the 
most studies on tannins effects (Deaville et al. 2010; Ahnert 
et al. 2015).  

Reduction in urinary N excretion as a proportion of N in-
take (P<0.05) following PBE supply and also a trend 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 Feed ingredients and chemical composition of experimental diets 

Treatment  

Item 
AS AS + TA AS + PBE 

Diet ingredients, %     

Alfalfa silage  50.0 50.0 50.0 

Barley grain  26.0 26.0 26.0 

Wheat bran  23.0 23.0 23.0 

Limestone  0.35 0.35 0.35 

Salt  0.15 0.15 0.15 

Vitamin-mineral mix†  0.50 0.50 0.50 

  Chemical composition, % of DM 
Dry matter 41.8 42.5 42.8 

Organic matter 91.8 92.0 91.3 

Crude protein 14.2 14.2 14.2 

Neutral detergent fiber 41.3 41.3 40.9 

Acid detergent fiber 24.0 23.3 23.4 

Non fiber carbohydrate‡ 33.2 33.3 33.0 

Ether extract 3.2 3.2 3.2 

Total phenolic compounds§ 0.68 1.28 1.37 

Total tannins§ 0.29 0.65 0.67 
AS: alfalfa silage (control); AS + TA: alfalfa silage with tannic acid and AS + PBE: alfalfa silage with pistachio by-product extract. 
† Contained (g/kg premix; DM basis): vitamin A: 330000 IU; vitamin D: 60000 IU; vitamin E: 1000 IU; Ca: 160 g; P: 85 g; Na: 63 g; Mg: 45 g; Zn: 2100 mg; Mn: 1500 
mg; Cu: 535 mg; Se: 12 mg and I: 45 mg. 
‡ Non-fibre carbohydrates calculated as: 100 – (neutral detergent fiber+crude protein+ether extract+ash) (NRC 2001).  
§ Expressed as grams of tannic acid equivalent. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 Effect of treatment on dry matter intake, milk yield and composition

Treatment 
Item SEM  P-value 

AS AS + TA AS + PBE 

Intake, kg/d      

Dry matter 1.91 1.90 2.09 0.056 0.22 

Organic matter  1.75 1.74 1.90 0.049 0.25 

1.40 1.37 1.37 0.067 0.71 Milk production, kg/d 
Milk Composition, %      

Fat  4.47 4.62 4.55 0.181 0.61 

Protein 3.57 3.53 3.62 0.031 0.13 

Lactose 4.38 4.39 4.39 0.049 0.88 

Solid not fat 9.13 9.02 9.09 0.092 0.32 

Total solids 12.72 12.80 12.81 0.221 0.68 

     Milk component yield, g/d 

Fat 62.80 64.68 62.97 4.628 0.43 

Protein 49.90 48.60 51.37 1.090 0.47 

Lactose 61.15 60.42 60.38 3.181 0.88 

Milk energy, MJ/kg† 3.27 3.33 3.32 0.081 0.55 

Milk energy output, MJ/d 4.59 4.62 4.58 0.284 0.86 
AS: alfalfa silage (control); AS + TA: alfalfa silage with tannic acid and AS + PBE: alfalfa silage with pistachio by-product extract. 
† Estimated according to the equation of Tyrrell and Reid (1965). 
SEM: standard error of the means. 

(P<0.10) for lower urinary N losses (g/d) in goats fed AS + 
TA or AS + PBE can be attributed to the action of tannins 
in binding proteins and consequently lower ruminal degra-
dation of N and ammonia-N losses (Patra and Saxena, 
2011). This is confirmed by the strong protein protection 
from in vitro ruminal degradation of alfalfa hay by addition 
of TA and quebracho tannins (Getachew et al. 2008b).  
Increased in retained N as a result of supplementing PBE to 
alfalfa silage is consistent with recent report for tannin ac-
tion in N retention (Ahnert et al. 2015).  
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In contrast, it was noted a decline in urinary N excretion 

counteracting the elevated fecal N excretion in goats (Al-
Dobaib et al. 2009) and sheep (Deaville et al. 2010) fed a 
diet supplemented with hydrolysable (HT) or condensed 
tannin (CT) which resulted in similar retained N at both 
experiments. However, effect of tannins on N retention is 
still contradictory. 

Researches carried out in the last decade have high-
lighted the risk of large losses of N compounds to the envi-
ronment. A shift in N excretion from urine to feces in goats 
fed AS + PBE can exert beneficial effects environmentally 
as urinary N is mainly in the form of urea, which is rapidly 
convert into ammonia and then to volatile nitrous oxides 
(green house gases) (Patra and Saxena, 2011). Moreover, 
nitrate produced by oxidation of ammonia (ammonium) 
causes water pollution (Eckard et al. 2010). Therefore, 
lower urinary N content means less volatile ammonia and 
nitrous oxides losses into the environment. In our study, 
MNS was not affected by treatments, however numerically 
higher OM intake in goats fed AS + PBE compared with 
untreated silage (1.90 vs. 1.75 kg/d) may lead to a tendency 
(P<0.10) for decrease in MNS efficiency. Furthermore, free 
phenolic compounds in crude PBE may negatively affect 
the activity of ruminal microorganisms and / or interfere 
with their enzyme secretion (McSweeny et al. 2001). 
Ghasemi et al. (2012) reported that substitution of PB at 
25% of DM (1.92% dietary tannin) with alfalfa hay in 
sheep ration had no effect on MNS and efficiency of MNS. 
However, they observed a significant decrease in both MNS 
and efficiency of MNS at 50% of DM PB (3.07% tannin). 
Inclusion of PEG to the goats fed a high tannin containing 
diet increased urinary excretion of allatoin, thus MNS 
which was likely the result of improved N bioavailability in 
the rumen (Salem et al. 2005). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 4 Effect of treatment on nitrogen utilization and microbial nitrogen synthesis

Treatment 

Item  SEM  P-value 
AS AS + TA AS + PBE 

N intake, g/d 43.5 43.4 47.3 1.30 0.23 

N losses      

 Al-Dobaib et al. (2009) reported that MNS decreased in 
goats fed alfalfa hay treated with 3% quebracho tannin, 
however, supplementing with 1 and 2% tannin slightly in-
creased MNS. They also stated that efficiency of MNS sig-
nificantly enhanced at all levels of tannin (1, 2 and 3%). 
Makkar (2003) concluded that low levels of tannins can 
decrease the rate of digestion of feeds, hence, synchroniz-
ing the release of various nutrients resulting in higher mi-
crobial protein efficiency.  

However, studies are required to know the levels of tan-
nins in order to have this positive response. Different re-
sponses of tannins among different studies can be ascribed 
to tannin concentration, type of tannin, chemical structure 
and type of diet besides other factors such as animal species 
and physiological state of the animal (Makkar, 2003; Patra 
and Saxena, 2011). 
 

  CONCLUSION 

Presence of TA and PBE at 0.7% DM in diet had no effect 
on milk yield and composition. Addition of PB tannin ex-
tract increased fecal N losses and reduced urinary N and 
also increased retained N. This shift from urine to feces 
may have some beneficial effects on environment in the 
case of reducing N pollution. However, a tendency to lower 
EMN as a result of PBE addition may indicate that PB tan-
nins can bind strongly with proteins which would need to 
be counteracted with a competitive agent such as PEG. 
However, at the same level of tannin, TA had no significant 
effect on pattern of N utilization, MNS and EMNS in dairy 
goats compared to PBE indicating the different biological 
effect of tannins. However, it is suggested to identify the 
effect of PB on N utilization and EMNS by using purified 
PB tannins. 
 

Feces  12.6b 12.7b 14.6a 0.35 0.02 

Urine  19.2 17.5 17.4 0.29 0.08 

Milk  7.8 7.6 8.1 0.16 0.47 

Retained  4.0b 5.6ab 7.2a 0.48 0.04 

   N losses and retention as percentage of N intake (%) 
Feces 28.8 29.3 30.9 0.66 0.47 

Urine 44.3a 41.0ab 37.2b 1.14 0.04 

Milk 18.1 17.9 17.1 0.38 0.52 

Retained 8.9b 12.8ab 15.1a 0.92 0.03 

Microbial N, g/d 22.7 21.9 20.9 0.87 0.76 

Efficiency of Microbial N, g N/kg DOMR† 25.8 23.4 22.5 0.63 0.07 
AS: alfalfa silage (control); AS + TA: alfalfa silage with tannic acid and AS + PBE: alfalfa silage with pistachio by-product extract. 

† DOMR= apparently digested organic matter in the rumen (65% of apparently digested organic matter in total tract) according to ARC (1984). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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Influence of Wet and Dry Season on Milk Composition 
of Dromedary Camels (Camelus dromedarius) from 
Tunisia 

 

  INTRODUCTION 
Dromedary camel (Camelus dromedarius) can survive and 
produce considerable amount of milk in hot and dry envi-
ronments (Bekele et al. 2011). Thus, camel milk is consid-
ered one the most valuable food sources for nomadic people 
in the arid and semi-arid areas and has been consumed for 
centuries due to its nutritional values (Kenzhebulat et al. 
2000; Mal et al. 2006; Lorenzen et al. 2011). Many factors 
influence the concentration of major constituents (fat, pro-
tein, lactose and minerals) in milk within species. Previous 
finding pointed out that the variation in camel milk compo-
sition could be attributed mainly to geographical origin and 
seasonal variations (Nagy et al. 2013; Konuspayeva et al. 
2009; Sallam et al. 2008).  

Some authors have reported seasonal changes (Todorova, 
1998; Bertoni et al. 2005) on milk protein fractions, but 
these data are not conclusive in camel milk. The relative 
proportions of individual components of casein are subject 
to considerable variation, which can have an effect on to 
properties of milk during technical processe (Pabst, 1994; 
Remeuf, 1994). However, limited information is available 
on camel milk composition under pastoral systems in Tuni-
sia. The objective of this study was to determine the effects 
of season (wet and dry) on camel milk composition.  

  MATERIALS AND METHODS 
Milk sampling 
The study was carried out using individual milk samples  

This study investigated the effect of season (wet and dry) on milk composition of the dromedary camel 
(Camelus dromedarius). Milk samples representing the wet and dry seasons were analyzed for total solids 
(TS), fat (F), solids-non-fat (SNF), ash, crude protein (CP), nitrogen soluble at pH 4.6 (SN), mineral content 
(MC) and casein fraction (CnF). Camel milk had higher (P<0.05) fat content in the wet season. Crude pro-
tein, TS, SNF and SN contents (%) were also higher (P<0.01) during the wet season. Ash content was simi-
lar (P>0.05) in the two seasons. The concentrations of Mg, Na and K were affected by season while the 
concentrations of Ca and Cl were not. The results from the present study indicate that the increase of milk 
CnF observed in the wet season was not due to the increase in β-casein and α1-casein contents. Among 
caseins, the κ-casein and α2-casein fractions did not differ between the two seasons. Conversely, milk from 
summer camels showed higher contents of αs1-casein and β-casein.  It was concluded that the effects of 
season on the chemical composition of camel milk may impact the processing characteristics of camel milk.  

KEY WORDS  camel milk, casein fractions, chemical composition, season. 
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from 36 dromedary camels (Camelus dromedarius) of 
Maghrabi breed from the south and the center of Tunisia. 
The dromedaries were fed throughout the year exclusively 
by grazing. Individual samples during early morning milk-
ing were collected into sterile bottles between May 2008 
and March 2009. The first few streams of milk from each 
quarter were discarded. Milk samples were obtained by 
hand milking. Milk samples (about 1000 mL each) were 
collected and chilled (4 ˚C) before transferred to the labora-
tory. At the laboratory, each milk sample was sub-sampled 
and aliquots were taken for analyses. All physicochemical 
parameters were determined on the day of sampling. In 
addition, another aliquot of about 100 mL of milk sample 
was taken and stored at -20 ˚C for further analysis on pro-
tein fraction. For each milk sample, all of the analytical 
assessments were carried out in duplicate. 
 
Chemical composition determinations 
Milk fat (F) content was determined using Gerber method 
(International Dairy Federation, 1981). Total solid (TS) 
contents were determined using the forced draft oven 
method (Marshal, 1993). Ash content was determined burn-
ing away all the organic matter at 550 ˚C in a muffle fur-
nace (Marshall, 1993). SNF % was calculated by subtract-
ing the fat % from TS % and calculated according to the 
following equation: 
 
SNF %= TS % - fat % 
 

The mineral content was determined in an autoanalyzer 
(SYNCHRON CX9 ALX system, Beckman Coulter Inc 
(ref:442790). 
 
Separation of milk nitrogen and protein fractions 
The pH 4.6-insoluble fraction containing the isoelectric 
caseins was prepared by precipitation of milk with 1 M 
sodium acetate buffer (pH 4.6) followed by centrifugation 
at 6000 rpm and 5 ˚C for 15 min. The casein pellet recov-
ered was first washed three times with 1 M sodium acetate 
buffer (pH 4.6) and then, to remove the remaining fat and 
other low density components, they were washed twice 
with a mixture of sodium acetate buffer and dichloro-
methane (1:1, v/v). The final protein precipitate was then 
lyophilized before analysis. 

The pH 4.6-soluble nitrogen fraction (SN) was filtered 
through filter paper (Whatman No. 1) and kept frozen until 
used. TN and SN fractions were determined in triplicate by 
the Dumas method (International Dairy Federation, 2002). 
Casein nitrogen (CnN), crude protein (CP) and Casein (Cn), 
expressed as g per 100 mL of milk, were calculated as fol-
lows according to Ribadeau-Dumas and Grappin (1989): 
 

CnN= TN − SN  
CP= TN × 6.38  
Cn= CnN × 6.36 
 

Casein as percentage of CP was calculated as: (Cn/CP) × 
100. The proportion Cn/CP was used as an index of prote-
olysis (Ma et al. 2003). 
 
Reversed phase-HPLC casein analysis 
Whole casein from individual dromedary milks was sepa-
rated in duplicate by reverse phase HPLC according to the 
procedure developed by Alim et al. (2005) with a Summit × 
2 dual gradient HPLC system (Dionex, Indstein, Germany). 
Casein samples were reduced for 1 h at room temperature 
in a sample buffer containing 1 ml of 8 M urea, 0.1 M Bis-
Tris, 0.3% mercaptoethanol and 1.3% sodium citrate. Re-
duced samples were diluted (1:5, v/v) with 6 M urea and 
0.1% trifluoroacetic acid. Samples (20 µL) previously fil-
tered through a 0.45 µm filter were injected into a C18-
bonded silica gel (250 mm×4.6 mm) with a particle diame-
ter of 5 µm and pore width of 300 nm (Europa Protein, 
Teknokroma, St Cugat, Spain), at a constant temperature of 
46 ˚C. The mobile phase consisted in 0.1% trifluoroacetic 
acid in ultrapure water (solvent A) and 0.1% trifluoroacetic 
acid in acetonitrile (solvent B). For casein separation, elu-
tion was achieved with a linear gradient from 33% to 49% 
of solvent B in 35 min at a flow rate of 1 mL/min, and the 
eluted peaks were detected by UV absorbance at 220 nm. 
Data were processed with the chromatographic system‟s 
software ChromoLion (Dionex) and the percentage of each 
casein fraction was determined. 
 
Hydrolysis of dromedary casein by chymosin 
Solutions of dromedary casein (1%, w/v) in 50 mM sodium 
acetate buffer at pH 6.6 containing 0.02% thimerosal to 
prevent microbial activity were treated with chymosin (180 
International Milk Clotting Units mL−1, Maxiren 180, 
DSM Food Specialties, Seclin Cedex, France) at a level of 
0.1% (v/v). The solutions were rotated (13 rpm) at 30 ˚C 
during 30 and 60 min. At the end of each period, chymosin 
was inactivated by heating (90 ˚C, 5 min) and the pH was 
lowered to 4.6. After centrifugation (4500 g, 15 min), the 
pellets were redissolved in the chromatographic sample 
buffer and aliquots were taken for chromatographic separa-
tion. 
 
Statistical analysis 
Statistical treatments of data were performed using SPSS 
software (version 13). Data were arranged according to two 
seasons; dry season (Aug-Oct) and wet season (Nov-Jan). 
Data were analyzed by one-way analysis of variance 
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(ANOVA). The differences among the means of the analy-
sis data were compared at a significance level of (P<0.05).  

 

  RESULTS AND DISCUSSION 
The fat content in camel milk was lower (P<0.05) in the dry 
season (Table 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

This might be due to nutritional status of the animals dur-
ing the wet season, where feeds are more easily available 
and are richer in crude protein, carbohydrates, minerals and 
vitamins. Our results are consistent with those reported by 
Sevi et al. (2004), suggesting that reduction in fat content 
of milk, probably is a consequence of a greater secretion of 
prolactin whose concentration in plasma is higher in the 
summer than in the winter. 

Total solid content was highest (P<0.05) in the wet sea-
son and decreased significantly during the dry season, 
which is in agreement with Elvan and Sebnem (2008). This 
might be attributed to the reason that camels during hot 
seasons provides milk with lower total solid because the 
calves needs more fluids (Shuiep et al. 2008). The SNF 
content in camel milk was lower (P<0.05) in the dry season. 
Sharma et al. (2002) confirmed the effect of seasons on 
SNF content, who found that SNF content varied among 
seasons being highest in winter (8.98%) followed by sum-
mer (8.84%). 

There was no significant correlation between ash content 
and season (Table 1). Similar results were expressed by 
Biye et al. (2014) and Rao and Mishra (2010), who re-
ported that ash content was not significantly influenced by 
season. The mean CP content of the camel milk was 2.93 
(g/100 mL) for the wet season and 2.36 (g/100 mL) for the 
dry season. Similarly, Haddadin et al. (2008) found that the 
CP content is lowest in August (2.48%) and highest in De-
cember and January (2.9%). The variation in fat and protein 
correspond to the data given in the literature. Seasonal pat-
terns in the fat and protein have been described in different 

countries and under different management practices. In the 
present study, number of important camel milk constituents 
(i.e. F, CP, TS, SNF, SN and CnN) showed the highest 
mean values in wet season and the lowest in dry season. It 
is attributed to the fact that the green fodder is available in 
the south and the center of Tunisia during rainy season. 
Higher Mg was obtained during dry season compared to the 
wet season (4.92 vs. 2.26 mmol/L, Table 2).  

Table 1  Composition of camel milk in the wet and dry seasons 
(Mean±SE)  

 
 
 
 
 
 
 

 

Table 2 Variation in mineral content (mmol/L) of camel milk during the 
wet and dry seasons (Mean±SE) Wet season Dry season 

Milk constituents P-value
Mineral (n=16) (n=20) Wet season (n=16) Dry season (n=20) P-value

Mg 2.26±0.33 4.92±0.41 0.000 Fat (%) 4.64±0.31 3.25±0.20 0.029 
Cl 61.12±0.09 61.93±3.82 0.891 TS (%) 12.52±0.64 10.24±0.32 0.002 
K 63.59±2.99 52.4±2.55 0.010 

Ash (%) 0.50±0.05 0.60±0.24 0.213 Na 30.57±0.66 33.53±1.18 0.028 
SNF (%) 7.88±0.33 6.99±0.12 0.011 Ca 10.47±0.20 10.15±0.65 0.125 

Mg: magnesium; Cl: chloride; K: potassium; Na: sodium and Ca: calcium. 
CP (g/100 mL) 2.61±0.06 2.36±0.03 0.004 SE: standard error. 

TN (g/100 mL) 0.41±0.01 0.37±0.006 0.721 
During the dry season, the average of Na content was 

found to be significantly higher (P<0.05) than that of the 
wet season while K was the opposite being significantly 
lower (P<0.01) in the dry season. The difference in milk 
mineral concentrations between seasons is due to a “dilu-
tion effect” as reported by Guler (2007), which is related to 
animal feeding behaviour and changes in pasture composi-
tion. 

SN (g/100 mL) 0.14±0.01 0.11±0.002 0.003 

CnN (g/100 mL) 0.27±0.00 0.26±0.004 0.045 
TS: total solids; SNF: solids-non-fat; CP: crude protein (N×6.38); TN: total nitro-
gen; SN: nitrogen soluble at pH 4.6 and CnN: casein nitrogen. 
SE: standard error. 

In the present study, the reduction in CP contents of 
camel milk during the dry season was mainly due to the 
reduction in casein content (Table 1). The reduction of ca-
sein content in summer milk has also been reported by 
other authors (Hermansen et al. 1999; Mackle et al. l999). 
β-casein and α1-casein content were lower (P<0.05) in the 
wet season, while no difference was found for κ-Cn and α2-
Cn between seasons (Figure 1).  

 
 
 
 
 
 
 
 
 
 

 
Figure 1 Mean±SD of casein fraction in the wet and dry season in camel 
milk (1: κ-Cn; 2: α2-Cn; 3: α1-Cn and 4: β-Cn)  
Values are the mean ± SE 
NS: non significant  
* (P<0.05) 
 

However, Kroeker et al. (1985) observed no definitive 
seasonal trend for the relative percentage of casein frac-
tions.  
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However others authors (Bernabucci et al. 2002) showed 
that β-CN and α1-CN decreased during summer in cow’s 
milk. Our results suggest that decrease in αS1 and β-casein 
contents may cause the poor cheese making properties of 
wet season. The results of the present study clearly demon-
strated that chemical composition of camel milk is affected 
by the season. It could, therefore, be concluded that camel 
milk composition is a reflection of seasonal changes in 
quality and availability of feed as well as parity differences. 
However, more work is needed to verify these effects and 
also to study the effects of management and breed differ-
ences on milk composition. Our study showed that the ca-
sein fractions were affected by season. For this reason, dur-
ing the rainy season, it is necessary to prevent deterioration 
of the quality of milk that can affect the yield and quality of 
cheese. 

 

  CONCLUSION 

The results of the present study clearly demonstrated that 
chemical composition of camel milk is affected by the sea-
son. It could, therefore, be concluded that camel milk com-
position is a reflection of seasonal changes in quality and 
availability of feed as well as parity differences. However, 
more work is needed to verify these effects and also to 
study the effects of management and breed differences on 
milk composition. Our study showed that the casein frac-
tions were affected by season. For this reason, during the 
rainy season, it is necessary to prevent deterioration of the 
quality of milk that can affect the yield and quality of 
cheese. 

 

  ACKNOWLEDGEMENT 
This work was supported by Grants from the Tunisian Min-
istry of Higher Education, Scientific Research and Tech-
nology. 
 

  REFERENCES 
Alim N., Fondrini F., Bounizi I., Felligini M. and Enne G. (2005). 

Characterisation of casein fractions from Algerian dromedary 
(Camelus dromedarius) milk. Pakistan J. Nutr. 4, 112-116. 

Bekele T., Lunderheim N. and Dahlbron K. (2011). Milk feeding 
and feeding behaviour in the camel (Camelus dromedarius) 
during 4 watering regimens. J. Dairy Sci. 94, 1310-1317. 

Bernabucci U., Lacetera N., Ronchi B. and Nardone A. (2002). 
Effects of the hot season on milk protein fractions in Holstein 
cows. Anim. Res. 51, 25-33. 

Bertoni G., Calamari L., Maianti G. and Battistotti B. (2005). Milk 
for protected denomination of origin (PDO) cheeses: I. The 
main required features. Pp. 217-228 in Indicators of Milk and 
Beef Quality. J. F. Hocquette and S. Gigli, Ed. EAAP Pubbli-

cation No. 112, Wageningen Academic Publishers, Wagenin-
gen, the Netherlands. 

Biye C., Michael J. and Lewis Alistair S. (2014). Effect of sea-
sonal variation on the composition and properties of raw milk 
destined for processing in the UK. Food Chem. 158, 216-223. 

Elvan O. and Sebnem S. (2008). The effect of seasonal variation 
on the composition of cow milk in Van province. Pakistan J. 
Nutr. 7, 161-164. 

Guler Z. (2007). Levels of 24 minerals in local goat milk, its 
strained yoghurt and salted yoghurt (tuzlu yogurt). Small Ru-
min. Res. 71, 130-137. 

Haddadin M.S.Y., Gammoh S.I. and Robinson R.K. ( 2008). Sea-
sonal variations in the chemical composition of camel milk in 
Jordan. J. Dairy Res. 75, 8-12. 

Hermansen J.E., Ostersen S., Justesen N.C. and Aaes O. (1999). 
Effects of dietary protein supply on caseins, whey proteins, 
proteolysis and renneting properties in milk from cows grazing 
clover or N-fertilized grass, J. Dairy Res. 66, 193-205. 

International Dairy Federation. (2002). Milk and Milk Products. 
Determination of Nitrogen Content. Routine Method Using 
Combustion According to the Dumas Principle. Geneva (Swit-
zerland), IDF Standard Publisher, Brussels, Belgium. 

International Dairy Federation. (1981). Milk Determination of Fat 
Content. Gerber Butyrometers, Brussels, Belgium. 

Kenzhebulat S., Ermuhan B. and Tleuov A. ( 2000). Composition 
of camel milk and its use in the treatment of infectious dis-
eases in human. Pp. 101 in Proc. 2nd Camelid Conf. Agroecon. 
Camelid Farming, Almaty, Kazakhstan.  

Konuspayeva G., Faye B. and Loiseau G. (2009). The composi-
tion of camel milk: A meta-analysis of the literature data. J. 
Food Comp. Anal. 22, 95-101. 

Kroeker E.M., Ng-Kwai-Hang K.F., Hayes J.F. and Moxley J.E. 
(1985). Effects of environmental factors and milk protein 
polymorphism on composition of casein fraction in bovine 
milk. J. Dairy Sci. 68, 1752-1757. 

Lorenzen P., Wernery R., Johnson B., Jose S. and Wernery U. 
(2011). Evaluation of indigenous enzyme activities in raw pas-
teurized camel milk. Small Rumin. Res. 97, 79-82. 

Ma Y., Barbano D. and Santos M. ( 2003). Effect of CO2 addition 
to raw milk on proteolysis and lipolysis at 4 ˚C. J. Dairy Sci. 
86, 1616-1631. 

Mackle T.R., Bryant A.M., Petch S.F., Hill J.P. and Auldist M.J. 
(1999). Nutritional influences on the composition of milk from 
cows of different protein phenotypes in New Zealand. J. Dairy 
Sci. 82, 172-180. 

Mal G., Sena D.S., Jain V.K. and Sahani M.S. ( 2006). Therapeu-
tic value of camel milk as a nutritional supplement for multi-
ple drug resistant (MDR) tuberculosis patients. Israel J. Vet. 
Med. 61, 88-91. 

Marshall R.T. (1993). Standard Methods for the Examination of 
Dairy Products. American Public Health Association, Washin-
ton, DC. 

Nagy P., Faye B., Marko O., Thomas S., Wernery U. and Juhasz J. 
(2013). Microbiological quality and somatic cell count in bulk 
milk of dromedary camels (Camelus dromedarius) descriptive 
statics, correlations and factors of variation. J. Dairy Sci. 96, 
1-5.  

 

167-163

59Influence of Wet and Dry Season on Milk Composition of Dromedary Camels (Camelus dromedarius)...

__________________________ WORLD TECHNOLOGIES __________________________

http://www.sciencedirect.com/science/article/pii/S0889157508001956
http://www.sciencedirect.com/science/article/pii/S0889157508001956
http://www.sciencedirect.com/science/article/pii/S0889157508001956
http://www.sciencedirect.com/science/article/pii/S0022030285810237
http://www.sciencedirect.com/science/article/pii/S0022030285810237
http://www.sciencedirect.com/science/article/pii/S0022030285810237
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nagy%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23849636
http://www.ncbi.nlm.nih.gov/pubmed/?term=Faye%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23849636
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marko%20O%5BAuthor%5D&cauthor=true&cauthor_uid=23849636
http://www.ncbi.nlm.nih.gov/pubmed/?term=Thomas%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23849636
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wernery%20U%5BAuthor%5D&cauthor=true&cauthor_uid=23849636
http://www.ncbi.nlm.nih.gov/pubmed/?term=Juhasz%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23849636


WT

  

Sevi A., Albenzio M., Marino R., Santillo A. and Muscio A. 
(2004). Effects of lambing season and stage of lactation on 
ewe milk quality. Small Rum. Res. 51, 251-259.  

Pabst K. (1994). Die bedeuntung von milchprotein-varianten für 
die herstellung von käse. J. Milch. Forsch. 46, 263-274. 

Rao A. and Mishra S. (2010). An assessment of the nutritional 
profile of milk in different seasons and locations in Varanasi 
through modern laboratory techniques. Indian J. Prev. Soc. 
Med. 41, 237-239.  

Sharma R.B., Manish K. and Pathak V. (2002). Effect of differ-
ents seasons on Cross bred cow milk composition and Paneer 
yield in Sub-Himalayan Region. Asian-Australas J. Anim. Sci. 
15, 528-530.  Remeuf F. (1994). Relation entre caractéristiques physico-

chimiques et aptitudes fromagères des laits. Rec. Med. Vet. 
170, 359-365. 

Shuiep E.S., El Zubeir I.E.M., El Owni O.A.O. and Musa H.H. 
(2008). Influence of season and management on composition 
of raw cow camel (Camelus dromedarius). Trop. Subtrop. 
Agroecosys. 8, 101-106. 

Ribadeau-Dumas B. and Grappin R. (1989). Milk protein analysis. 
Lait. 69, 357-416. 

Sallam A.B., Ali M.A.M. and Abdel Moneim M.A.N. (2008). 
Camels (Camelus dromedarius) under pastoral systems in 
North Kordofan, Sudan: Seasonal and parity effects on milk 
composition. J. Camel. Sci. 1, 32-36. 

Todorova D. (1998). Influence of the diet and season alteration on 
the cow’s milk composition and properties. Belgium J. Agric. 
Sci. 4, 525-530.  

 
 
 

 

60 Animal Sciences: Biology, Health and Rearing

__________________________ WORLD TECHNOLOGIES __________________________



WT

An Evolutionary and Phylogenetic Study of the 
BMP15 Gene 

 

 

 

  INTRODUCTION 
In recent years, with the development of genetic engineer-
ing technology, rapid DNA sequencing has been made pos-
sible and a massive amount of nucleotide sequence infor-
mation from different parts of the genome in different spe-
cies is growing at a rapid pace. Deoxyribonucleic acid 
(DNA) sequence data contains a wealth of biologically use-
ful information. The analysis of these sequences can be 

used by comparing the sequences of the genes with identi-
fied functions to specify the characteristics of different re-
gions, such as active sites and functional regions of the 
DNA to interpret the evolutionary relationships between 
categorized groups (phylogenetic) and comparing an uni-
dentified sequence with millions of sequences available in 
DNA information gene banks. Also, new and increasing 
reports on the sequences of the DNA have provided and 
created conditions as well as a motivation for evolutionary 

DNA sequence data contains a wealth of biologically useful information. Recent innovations in DNA se-
quencing technology have greatly increased our capacity to determine massive amounts of nucleotide se-
quences. These sequences can be used to specify the characteristics of different regions, interpret the evolu-
tionary relationships between categorized groups, likelihood of performing multiple comparisons between 
an unidentified sequence and millions of specified sequences existing in DNA information gene banks. This 
study focuses on bioinformatics analysis of molecular genetic variation of the BMP15 gene of some se-
lected mammalian species with a view to providing relevant genetic information for breeding and selection 
programs in the studied species using computational methods. A total of twenty-three BMP15 nucleotide 
sequences and amino acids sequences were retrieved from the NCBI gene bank. Sequence alignment, pair 
and multi-alignment comparison of the BMP15 gene of the various species were done with MEGA6. High 
degree of polymorphism of the BMP15 gene was observed among the studied species. Despite high poly-
morphism in BMP15 similarity between sequences was greater than 98% and differences existing in fertility 
rates among species may be species-specific due to differences in the processing of BMP15. The mean di-
versity among populations and the scattering coefficient of evolution in the BMP15 position were calculated 
to be 2.15 and 1.25 bp, respectively and the mean divergence was calculated to be 1.7 bp. Also, the mean 
divergence within the species was 4.1, 0.4 and 2.1 bp in sheep, cows and goats, respectively. Bases substitu-
tion rate and pattern in BMP15 showed that cows and goats have the minimum genetic distance and human 
has the maximum genetic distance with sheep. In addition to existing variation in DNA and amino acids 
sequences between BMP15 in different species, this study highlighted specific segments significantly more 
conserved in BMP15 from mono-ovulating as compared to super-ovulating species.  
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investigations using comparative studies. Therefore, it 
would be very desirable to use the statistical methods to 
estimate the evolutionary distance between similar se-
quences and the number of nucleotide substitutes. Estimat-
ing evolutionary distances between protein and DNA se-
quences is very important to form a phylogenetic tree, 
knowing the time and origin of the divergence and branch-
ing of species, and understanding the mechanism of the 
evolution of genes, proteins, and populations.  

To date, three categories of genes affecting the growth of 
follicles and ovulation rate have been identified, including 
activin receptor-like kinase 6 (ALK6), growth and differen-
tiation factor-9 (GDF9) and bone morphogenetic proteins 
(BMP) category, which is the most famous of bone 
morphogenetic protein (BMP15) gene. All these genes are 
among the transforming growth factor β (TGF-β) large fam-
ily and they affect the regulation of the expression and se-
cretion of the hormones affecting the follicular growth and 
ovulation rate. The growth factors BMP15, BMP6 and 
growth differentiation factor 9 (GDF9) are produced by ova 
(McNatty et al. 2005), while the receptors BMP type A1, 
A2 and type 2 are located on ova and somatic cells of ovar-
ian follicles (Souza et al. 2002) and also on the cells of the 
pituitary gland of sheep. 

The BMP15 gene is located on chromosome X and con-
sists of two exons, that are separated from each other by an 
intron with a length of 5.4 kb. Their full transcription prod-
uct is a sequence of 1179 nucleotides which encodes a pre-
peptide with a length of 393 amino acids and its full peptide 
has a length of 125 amino acids (Galloway et al. 2002). The 
study of the above positions in rodents has shown that 
mRNA transcribed from the position of BMP15 and the 
protein resulting from its expression are found in the early 
stages of ovulation in the oocyte cell (Dube et al.1998; 
Otsuka et al. 2001). Also, the BMP15 mutations cause a 
reduction in the amount of mature protein or a change in 
binding to the receptors on the cell surface. Thus, investi-
gating the phenotype resulting from the mutation of the 
BMP15 locus shows that the presence of certain haplotypes 
is necessary for ovarian follicular evolution, normal ovula-
tion, and formation of the corpus luteum in sheep. Besides, 
reports have shown that mRNA and the BMP15 protein 
exist at all stages of ovarian follicles of goats (Silva et al. 
2004). 

To date, eight mutations have been identified in the gene 
encoding this factor in sheep, namely, Inverdal, Hanna, 
Belclare and Galway, Lacaune, Rasa Aragonesa, Grivette 
and  Olkuska according to the name of the breed of the 
sheep in which these mutations are identified for the first 
time. The FecXI allele in sheep is related to a thymine to 
adenine change at position 896 cDNA encoding the BMP-
15 factor. The FecXH allele is related to a cytosine to 

thymine change at position 871, which leads to the creation 
of a stop codon in amino acid 23 of the complete protein 
and this stop codon also leads to the loss of the biological 
activity of the BMP15 factor (Fabre et al. 2006). Addition-
ally, the FecXG allele results from a thymine to adenine 
change at position 718. The FecXG mutation leads to the 
creation of a stop codon in amino acid 239 of the protein.  

Thus, the processed protein is not produced. The FecXB 
allele results from changing guanine to thymine at nucleo-
tide 1100 and in this case, the change of amino acid serine 
to isoleucine occurs at position 99 of the protein sequence 
(Table 1) (Fabre et al. 2006). In Lacaune breed, the mutant 
allele (FecXL) associated with high prolificacy and was 
identified as a Cys321Tyr substitution altering the BMP15 
protein function (Drouilhet et al. 2013). Both FecXGr and 
FecXO mutations are closely located into two very well 
conserved domains of the sheep, cow, pig, human and 
mouse BMP15 proteins,  FecXGr, which corresponds to a 
substitution of a threonine to an isoleucine, clearly affected 
the hydrophobicity of the protein while FecXO altered the 
polarity and the molecular weight of the protein by replac-
ing an asparagine to a histidine.  These two mutations 
clearly affect he intrinsic properties of the BMP15 protein 
since they correspond to substitutions of polar amino acids 
by non-polar and basic amino acids suspected to modify 
consequently its three-dimensional structure (Demars et al. 
2013). The recombinant BMP15 gene increases the prolif-
eration of granulosa cells in mice and humans. Moreover, 
BMP15 in granulosa cells potentially stimulates the mRNA 
encoding the kit messenger (a factor necessary for the 
growth of ovum in primary follicles). Therefore, both 
BMP15 and kit play an important role in the early growth of 
follicles. Also, BMP15 is able to control the production of 
steroids. In fact, BMP15 in mice selectively controls the 
biological effects of follicle-stimulating hormone (FSH) on 
granulosa cells, by inhibiting the production of the FSH 
resulting from the production of progesterone and with no 
effects on the FSH resulting from estradiol synthesis. The 
fundamental mechanism points to the control of the nega-
tive feedback of the FSH receptor which leads to the pre-
vention of the accumulation of the mRNA resulting from 
multiple genes related to FSH, such as genes steroidogenic 
acute regulatory protein (SARP), 3ß-hydroxysteroid dehy-
drogenase (P450scc), P450 side chain cleavage enzyme - 
(3β-HSD) the luteinizing hormone (LH) receptor and in-
hibitor/activator subunits. 

BMP15 in sheep increases the proliferation rate of granu-
losa cells and prevents the secretion of the baseline FSH 
and the FSH resulting from the progesterone of the granu-
losa cells of small anterior follicles (Fabre et al. 2006). To-
tally the effect of sheep variants seems tightly related to the 
kind of mutations described.  
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Indeed, 3 out of the 8 mutations identified so far are 
amino acids deletion FecXR or premature stop codon 
(FecXG and FecXH) in the BMP15 sequence impairing con-
sequently the production of the BMP15 active form (Mon-
teagudo et al. 2009). 

Thus, the objective of the present study is the bioinfor-
matics analysis in order to analyze sequences, including 
searching in existing information gene banks, matching 
sequences, and estimating evolutionary distances and struc-
ture of the phylogenetic tree in species, such as sheep, mice, 
cows, goats, guinea pigs, humans, pigs, and other species, 
using partial and total sequences of the BMP15 gene avail-
able in NCBI gene bank. 
 

  MATERIALS AND METHODS 
The analysis method and DNA information gene banks 
One of the most informative methods used in sequence data 
analysis is similarity searching. For DNAs, similarity at the 
sequence level implies some structural or functional simi-
larity between the protein products or regulatory elements 
of gene expression.  
Searching a database with an uncharacterized gene se-
quence can identify homologues in other species or se-
quence elements that encode structural domains within the 
protein. Searches can be conducted with either nucleotide 
or peptide sequences. However, detection of similarity at 
the nucleotide level is difficult unless the sequences are 
closely related. For analysis of coding DNAs, similarity 
searching with the translated protein sequence is more in-
formative. 

A commonly used tool for similarity searching is BLAST 
(Basic Local Alignment Search Tool) because of its practi-
cal balance of speed, sensitivity and selectivity. In the pre-
sent study, 23 sequences of the BMP15 gene, including 
mRNA and DNA, were taken from the NCBI information 
gene bank, and using the tool BLAST on the website 
http://ncbi.nlm.nih.gov, similar sequences, their similarities 
(both nucleotide and protein) and possible mutations were 
investigated (Table 2). 

 
 
 
 
 
 
 
 
 
 
 
 

Table 1 The mutations reported in the locus of the BMP15 gene

Position of change in 
nucleotide sequence  

Mutation Locus (chromosome)  Allele Change in protein structure  Breed 

 
Comparison among sequences and knowing the genetic 

parameters, such as the number of mutations, nucleotide 
diversity, the number of positions in which similar substitu-
tions have taken place as well as their diversity, were de-
termined using Dnasp v5 software program (Librado and 
Rozas, 2009) and determining the alignment of the se-
quence of the BMP15 gene with sequences of other organ-
isms was done using MEGA6 (Tamura et al. 2013) soft-
ware program. 

 
Phylogeny and determination of evolutionary direction 
In order to draw the phylogenetic tree, the protein sequence 
of the BMP15 gene was predicted for the species being 
studied using MEGA6 software program (Tamura et al. 
2013). After editing the sequences and deleting the non-
coding regions, the phylogenetic tree was drawn using 
neighbor-joining (NJ) method. In this method, a matrix (Q) 
was used, so that in this matrix, all the branches are used 
and the lowest value which represents high similarity be-
tween two branches will be selected and employed in a 
branching of the phylogenetic tree. Bootstrap values were 
obtained through 100 times of re-sampling. The phyloge-
netic tree was drawn using NJ method and equation 1. 
 

1) Q(i, j)= (r –2)d(i, j) –  Σd(i, k) –  Σd(j, k) 
 

Where: 
d(i, j): distance between branches i and j.  
k: k-th branch of the tree.  
r: total number of the branches.  
Q(i, j): numerical value of branches i and j.  
 

Also, the maximum composite likelihood method was 
used to obtain the succession to substitution rate of nucleo-
tides in purine and pyrimidine bases. Investigating the nu-
cleotide changes that have changed amino acids (dN) in 
relation to the nucleotide changes that have not affected the 
resulting amino acid (dS), is a highly efficient and useful 
method for detecting the trend of natural selection for genes 
during evolution.  

Inverdale BMP-15 (X) FecXI T 896 A V299D / V31D Romney 

Hanna BMP-15 (X) FecXH T 871 C Q291stop / Q23stop Romney 

Belclare BMP-15 (X) FecXB T1100G S3671 / S991 Belclare 

T 718 C Belclare, 
Cambridge 

Galway BMP-15 (X) FecXG T239stop / no 

Lacaune BMP-15 (X) FecXL G 803 A C321Y / C53Y Laucane 

17 nt deletion 
Rasa aragonesa BMP-15 (X) FecXR - Rasa aragonesa 

(525-541) 

Grivette BMP-15 (X) FecXGr C 950 T  T317I Grivette 

Olkuska BMP-15 (X)  FecXO A 1009 C  N337H  Olkuska 
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Thus, using the numerical value of this ratio (dN/dS), the 

trend of natural selection was identified for the BMP15 
gene. dN and dS values can be calculated using equations 2 
and 3, respectively. 
 
2) dN= -3 / 4Ln(1-4/3PN) 
3) dS= -3 / 4Ln(1-4/3PS)  
 
Where: 
PN: ratio of the positions with non-similar substitutions.  
PS: ratio of the positions with similar substitutions. 
 

The significance of the numerical value of dN/dS was in-
vestigated using Fisher's test at 5% likelihood level. 
 

  RESULTS AND DISCUSSION 

The mean inter-population genetic diversity was calculated 
to be 2.15 bp using the maximum composite likelihood 
method. Also, the scattering coefficient of evolution, which 
is another indicator for measuring the inter-population di-
versity, was estimated to be 1.25 bp using the number of 
base pair of nucleotides, Nei and Kumar (2000) and Ta-
mura (2004) methods. The mean divergence between all 
sequence pairs was calculated to be 1.7, which represents 
the number of base substitutions at each site and an average 
of all sequence pairs. Divergence is defined using the aver-
age number of base substitutions at each site, between all  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
 

Table 2 Characteristics of DNA sequences used for the bioinformatics analysis of the BMP15 gene

Length  
Number Accession number  Spices/genus  

(bp)  

Bos taurus (BMP15) mRNA  1 AY572412.1  1185  

Bos taurus (BMP15) mRNA complete cds  2 AY572412.1  1185  

Bos taurus (BMP15) transcript variant X1 mRNA  3 XM_010821881.1  3066  

Bos taurus BMP15 mRNA complete cds 4 DQ463368.1 1189 

Capra hircus (BMP15) gene complete cds  5 JN655670.1  6648  

Capra hircus (BMP15) mRNA  6 NM_001285588.1  1230  

Capra hircus breed Beetal (BMP15) gene complete cds  7 JN655670  6648  

Capra hircus breed Black Bengal (BMP15) mRNA complete cds  8 EU888137.1  1182  

Capra hircus breed Boer BMP 15 mRNA complete cds  9 EU847289.1  1185  

Capra hircus breed Guizhou White BMP 15 precursor (Bmp15) gene complete cds  10 FJ429281.1  1436  

Capra hircus breed Lezhi black goat BMP15 mRNA complete cds  11 JF824149.1  1230  

Capra hircus breed Teddy BMP15 gene complete cds  12 JN655669.1  6648  

Cavia porcellus Bmp15 mRNA  13 XM_004999940.1  1224  

Homo sapiens BMP15 mRNA  14 NM_005448.2  1262  

Mus musculus BMP15 mRNA  15 NM_009757.4  3086  

Mus musculus BMP15 mRNA (cDNA clone MGC:60557 IMAGE:30051425) complete cds  16 BC055363.1  3059  

Mus musculus BMP15 precursor (Bmp15) mRNA complete cds  17 AF082348.1  1603  

Ovis aries BMP15 mRNA  18 NM_001114767.1  1182  

Ovis aries BMP15 mRNA partial cds  19 EU402923.1  260  

Ovis aries breed Lohi bone morphogenetic protein 15 (BMP15) gene complete cds  20 JN655671.1  6638  

Sus scrofa BMP15 gene promoter region and 5 UTR  21 KF114861.1  2162  

Sus scrofa BMP15mRNA  22 NM_001005155.1  1194  

Sus scrofa BMP15 mRNA complete cds alternatively spliced  23 HQ450759.1  1298  

the base pairs within the groups. This divergence was esti-
mated to be 0.4 bp in cows, 2.1 bp in goats, zero in mice, 1 
in pigs and 4.1 in sheep. Also, the mean distance between 
species, was estimated according to the sequence data taken 
from the NCBI gene bank, using the maximum composite 
likelihood method, which is based on the number of base 
pairs (Table 3). 

Bases substitution rate and pattern were estimated using 
tamura-nei model (Table3). These presented rates express 
the likelihood of the replacement of each base with another 
one. These likelihoods have been estimated according to the 
sequences being analyzed and changes in the sequence of 
bases (Table 4).  

As shown in Table 3, the maximum distance was ob-
served between sheep and human and mouse while there 
was the lowest value between sheep and cow and goat. 
When each of the bases is evaluated, the probability of base 
substitution (r values) related to each of them should be 
considered. To simplify this issue, the sum of the likelihood 
values has been considered to be 100 (Tamura et al. 2004; 
Yang and Kumar, 1996).  

The bioinformatics analysis with 23 nucleotide sequences 
at 221 positions, after excluding missing data and checking 
for deleted distance showed 22.27%, 25.85%, as 24.61%, 
and 27.27% nucleotide frequency for adenine, 
thymine/uracil, cytosine and guanine, respectively. 

The divergence between species was estimated using pair 
comparison method and the number of bases.  
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The numbers presented in detail in Table 5 are the num-
ber of base substitutions in the each site between sequences. 
The maximum divergence is 5 bp, in related to the compari-
son between sheep and cows.  

MEGA6 (Tamura et al. 2013) is a commonly used pro-
gram for multiple sequence alignment. It uses a progressive 
algorithm to align sequences in successively larger groups, 
beginning with the most closely related sequences. Using 
MEGA6, 23 sequences being studied are compared and a 
tentative measure of similarity is derived, represented by a 
distance matrix. This is used to produce a phylogenetic 
guide tree (Figure 1), using the neighbour-joining (NJ) 
method (Saitou and Nei, 1987). The branching pattern of 
the tree is used to determine the most closely related pair of 
the sequences. A final alignment is obtained by repeating 
this procedure until it reaches the root of a tree. The result-
ing molecular phylogenetic tree represents two main 
branches of the phylogenetic relationships between the se-
quences. The final nodes (leaves) of the tree represent the 
existing sequences and refer to the practical units of classi-
fication, while the internal nodes represent hypothetical 
ancestor sequences. Presented tree is a branching, that is, 
each node creates two branches, each of which represents 
the occurrence of a specific event or differences between 
BMP15 in studied sequences. Comparative studies of se-
quences were used in a wide range of taxonomic levels, to 
evaluate phylogenetic relationships. Results showed differ-
ent regions and intragenic distances of the DNA varied 
among species within a BMP15 sequences. Despite some 
similarity between sequences, phylogenetic tree and genetic 
scattering rate showed distances among species in BMP15s. 
The phylogeny results of a recent study (Bwaseh et al. 
2016) based on nucleotide and amino acid sequences of  

 
 

Table 3 The distance between species using the number of base pairs in the locus of the BMP15 gene

Sus scrofa  Bos taurus  Capra hircus  Cavia porcellus  Homo sapiens  Mus musculus  Ovis aries  Spices/genus  

Bos taurus  -  -  -  -  -  -  -  

Capra hircus  0.1  -  -  -  -  -  -  

Cavia porcellus  0.3  0.6  -  -  -  -  -  

Homo sapiens  0.2  0.6  0.3  -  -  -  -  

Mus musculus  0.3  0.5  0.5  0.3  -  -  -  

Ovis aries  0.4  -0.4  0.6  0.9  0.9  -  -  

Sus scrofa  0.1  0.3  0.4  0.2  0.3  0.4  -  

 

 

Table 4 The probability of substitution (r) from one base (row) to another base (column)1,2 

Wild allele mutant allele  A  T/U  C  G  

5.91  6.21  -  13.79  A  
5.35  6.55  -  T/U  13.12  
5.35  6.55  -  C  13.78  

6.21  5.91  -  G  11.27  
1 Each number in the table, the likelihood of replacement (r) of one base (row) with another base (columns).  
2 The substitution rates of the bases from the same family (the replacement of a purine with a purine, or a pyrimidine with a pyrimidine) are shown in a diagonal (BOLD), 
and the transition rates of the bases from different families, are shown in Italics. 

BMP15 showed a similar clustering of sequences among 
the various species with those obtained in this study, al-
though there was some intermingling between the species. 
An investigation on the sequences of the BMP15 gene in 
the species being studied carried out using MEGA6 (Ta-
mura et al. 2013) and BioEdit software programs as well as 
basic local alignment search tool (BLAST) showed a lot of 
similarity among the species being studied in the locus of 
the BMP15 gene. One of the BMP15 gene sequences belong 
to sheep was set as query sequence and then in BLAST 
output, results of other 22 sequences were compared with 
query sequence. In Figures 2 to 5, most similar sequences 
were shown. In many cases, the similarity was 100 and in 
all cases, this similarity was greater than 98%. The result of 
comparing similarity, were rank first for Max Score/Total 
Score and the least E-values respectively.  

Score of the pairwise comparison between query DNA 
sequence and the desired DNA sequence in the NCBI data-
base was calculated as fellow: +2 for each match; -1 for 
each mismatch, and -2 for a gap). Higher scores mean bet-
ter alignments. In Figure 3, the sequence with the maximum 
similarity and the relevant E-values are shown in order, 
from top to bottom. 

The results of some two by two comparisons at some 
sites, using the BLAST tool are shown in Figures 6 to 8. 
Despite many similarities, the sequences at some sites had 
base variation and replacement too.  

In Figure 4, there are some various deletions in some re-
gions of the gene in some sequences. As shown, most of 
mRNA sequences containing a deletion and sequences 
without deletion are DNA sequences. These deletions are 
mainly related to introns which were usually happened by 
splicing in RNA processing.  

209-197, )2(7)7
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This is the reason why there are differences in different 
species and even in different organs and parts of the body 
of a species despite the same gene sequence. 

When DNA sequences are aligned with each other, iden-
tification of the appropriate corresponding nucleotides is 
quite difficult because there are only four types of nucleo-
tides. Alignment of amino acid sequences is easier and can 
be more meaningful if the intent is to compare a group of 
related sequences for potential functional characteristics. In 
order to do this, amino acid sequences of BMP15 related to 

 
 

 

 

 
 

 

 

 
 

 
 

 

four most used species such as mouse, pigs, sheep, and hu-
mans were first  retrieved from NCBI and then  have been 
compared using BLAST.  
The BMP15 protein sequences was from Ovis aries (Gen-
Bank AAF81688.1), Sus scrofa (GenBank 
NP_001005155.1), Mus musculus (GenBank NP_033887.1) 
and Homo sapiens (GeneBank NP_005439.2) were aligned 
and compared.  

Results showed that differences in nucleotide sequences 
leading to changes in the protein sequence (Figure 9). 

Table 5 The estimate of the divergence between the sequences of the BMP15 gene in domesticated species of animals 

Spices/genus1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

1 Bos taurus (BMP15) mRNA  - - - - - - - - - - - - - - - - - - - - - - - 

2 Bos taurus (BMP15) mRNA 
complete cds  

0.0 - - - - - - - - - - - - - - - - - - - - - - 

3 Bos taurus (BMP15) 
transcript variant X1 mRNA  

0.6 0.6 - - - - - - - - - - - - - - - - - - - - - 

4 Bos taurus BMP15 mRNA 
complete cds 

0.0 0.0 0.6 - - - - - - - - - - - - - - - - - - - - 

5 Capra hircus (BMP15) gene 
complete cds  

3.8 3.8 2.9 3.8 - - - - - - - - - - - - - - - - - - - 

6 Capra hircus (BMP15) 
mRNA  

0.0 0.0 0.6 0.0 4.0 - - - - - - - - - - - - - - - - - - 

7 Capra hircus breed Beetal 
(BMP15) gene complete cds  

3.1 3.1 3.0 3.1 0.0 3.9 - - - - - - - - - - - - - - - - - 

8 
Capra hircus breed Black 
Bengal (BMP15) mRNA 

complete cds  
0.0 0.0 0.6 0.0 4.0 0.0 3.9 - - - - - - - - - - - - - - - - 

9 Capra hircus breed Boer 
BMP15 mRNA complete cds

0.0 0.0 0.6 0.0 4.0 0.0 3.9 0.0 - - - - - - - - - - - - - - - 

10 
Capra hircus breed Guizhou 

White BMP15 precursor 
(Bmp15) gene complete cds  

0.0 0.0 0.6 0.0 4.0 0.0 3.9 0.0 0.0 - - - - - - - - - - - - - - 

11 
Capra hircus breed Lezhi 
black goat BMP15 mRNA 

complete cds  
0.0 0.0 0.6 0.0 4.0 0.0 3.9 0.0 0.0 0.0 - - - - - - - - - - - - - 

12 Capra hircus breed Teddy 
BMP15 gene complete cds  

3.1 3.1 3.0 3.1 0.0 3.9 0.0 3.9 3.9 3.9 3.9 - - - - - - - - - - - - 

13 Cavia porcellus Bmp15 
mRNA  

0.3 0.3 0.9 0.3 3.8 0.3 3.7 0.3 0.3 0.3 0.3 3.7 - - - - - - - - - - - 

14 Homo sapiens BMP15 
mRNA  

0.2 0.2 0.7 0.2 4.1 0.2 4.1 0.2 0.2 0.2 0.2 4.1 0.3 - - - - - - - - - - 

15 Mus musculus BMP15 mRNA  0.3 0.3 1.0 0.3 3.8 0.3 3.7 0.3 0.3 0.3 0.3 3.7 0.5 0.3 - - - - - - - - - 

16 

Mus musculus BMP15 
mRNA (cDNA clone 

MGC:60557 
IMAGE:30051425) complete 

cds  

0.3 0.3 1.0 0.3 3.8 0.3 3.7 0.3 0.3 0.3 0.3 3.7 0.5 0.3 0.0 - - - - - - - - 

17 
Mus musculus BMP 15 

precursor (Bmp15) mRNA 
complete cds  

0.3 0.3 1.0 0.3 3.8 0.3 3.7 0.3 0.3 0.3 0.3 3.7 0.5 0.3 0.0 0.0 - - - - - - - 

18 Ovis aries BMP15 mRNA  0.1 0.1 0.5 0.1 4.1 0.1 4.0 0.1 0.1 0.1 0.1 4.0 0.4 0.3 0.4 0.4 0.4 - - - - - - 

19 Ovis aries BMP15 mRNA 
partial cds  

4.4 4.4 5.0 4.4 2.9 4.5 2.9 4.5 4.5 4.5 4.5 2.9 3.8 4.4 4.7 4.7 4.7 4.7 - - - - - 

20 
Ovis aries breed Lohi bone 
morphogenetic protein 15 

(BMP15) gene complete cds  
3.1 3.1 2.9 3.1 0.0 3.9 0.0 3.9 3.9 3.9 3.9 0.0 3.7 4.1 3.7 3.7 3.7 4.0 3.4 - - - - 

21 Sus scrofa BMP15 gene 
promoter region and 5 UTR  

2.3 2.3 2.8 2.3 4.1 2.2 4.2 2.2  2.2 2.2 2.2 4.2 2.5 2.2 2.2 2.2 2.2 2.4 4.1 4.2 - - - 

22 Sus scrofa BMP15 mRNA  0.1 0.1 0.7 0.1 4.0 0.1 3.9 0.1 0.1 0.1 0.1 3.9 0.4 0.2 0.4 0.4 0.4 0.2 4.4 3.9 1.8 - - 

23 
Sus scrofa BMP15 mRNA 
complete cds alternatively 

spliced  
0.1 0.1 0.7 0.1 4.0 0.1 3.9 0.1 0.1 0.1 0.1 3.9 0.4 0.2 0.4 0.4 0.4 0.2 4.4 3.9 1.8 0.0 - 

1 Column numbers are same as row numbers (spices/genus). 
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 Figure 1 Phylogenetic tree drawn based on 23 nucleotide sequences of the BMP15 gene 

 Figure 2 The scoring of the similarity and matching rate of sequences using the tool "BLAST"
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Figure 3 Sequence matching from base 900 up to base 1100 of the BMP15 gene in some species being studied

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 4 Sequence matching from base 5900 up to base 6100 of the BMP15 gene in some species being studied 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Displays of a part of sequence matching and deletions (introns) 
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These differences in the BMP15 protein sequences in 

species being compared are shown in the black line distinct 
from others.  

Also, the important mutations that occurred in this gene 
in different species are shown in red lines. The BMP15 pro-
tein plays an important role in women's fertility. A number 
of mutations have occurred in the BMP15 gene in humans, 
but none of them is common to those in sheep. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 6 A comparison between the two sequences of the BMP gene of Ovis species

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 7 A comparison between the sequence of the BMP15 gene in Ovis and Capra species

It is interesting that all the mutations that have been re-
ported in humans so far have been associated with dimin-
ished ovarian syndrome in heterozygotes. Therefore, het-
erozygous carriers in humans had an ovarian phenotype 
similar to that of infertile homozygous FecX ewes. In con-
trast, heterozygous ewes, FecXGr and FecXO carriers, had 
normal ovaries and a greater number of ovulation and lamb 
in each delivery (Demars et al. 2013).  
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Figure 8 A comparison between the sequence of the BMP15 gene in Ovis aries and Bos taurus

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 Figure 9 BMP15 multi-species sequences alignment and position of sheep mutations

70 Animal Sciences: Biology, Health and Rearing

__________________________ WORLD TECHNOLOGIES __________________________



WT

  

According to the information of the NCBI gene bank, so 
far 59, 7, 17 and 6 single nucleotide polymorphisms (SNPs) 
are identified in the BMP15 gene of humans, cows, mice 
and sheep, respectively, and some of them are mentioned in 
Table 1 and Figure 9. 

Recent innovations in DNA sequencing technology have 
surprisingly enhanced our ability to determine the sequence 
of a large quantity of DNA. Also, extensive analysis of 
complementary DNAs-cDNA, the nucleotide sequence of 
messenger RNA (mRNA), has specified a large quantity of 
non-coding RNAs in eukaryotic cells and tissues that are 
involved in the regulation of gene expression. The compre-
hensive studies of the DNA, which were conducted with the 
aim of identifying functional parts of the human genome, 
reported cases of genes overlapping and genes with com-
mon exons and different transcription start sites (TSS). This 
fact and the other results challenged the traditional defini-
tion of the gene, a sequence of the DNA that encodes a 
chain of amino acids (Gojobori et al. 2009).  

It was previously shown that BMP15 evolved more 
quickly than the other members of the TGF-β family, with 
evidence for positive selection in BMP15, especially in 
Hominidae (Auclair et al. 2013). The BMP15 protein has 
been described in some species mainly human and sheep to 
play critical roles in female fertility or disorders. A large 
number of mutations in the BMP15 gene have been identi-
fied in women with premature ovarian failure (Di Pasquale 
et al. 2004; Di Pasquale et al. 2006; Dixit et al. 2006) and 
ovarian hyper stimulation syndrome (Hanevik et al. 2011; 
Moron et al. 2006), but none are in common between 
women and sheep.  

According to the research by McNatty et al. (2005) in 
mammals with low ovulation rates, the follicular growth 
and ovulation rate are affected by the BMP15 released from 
the oocyte to the somatic cells of the follicle. However, in 
rodents with high ovulation rates, the follicular cells are 
relatively insensitive to BMP15 changes (Yan et al. 2001). 

This indicates that the mechanisms through which an oo-
cyte controls this process are different in species with a low 
and high ovulation rates. Although, the role of BMP15 has 
not been fully investigated in pigs, it has been shown that 
there is an active BMP system in their ovaries (Brankin et 
al. 2003; Brankin et al. 2004). 

In a study on Chinese Hu sheep which have high prolifi-
cacy, no polymorphism was reported in the locus of BMP15 
(Guan et al. 2006). Also, studies on polymorphism of the 
locus of BMP15 in six breeds of Chinese goats have not 
shown an effective mutation which is associated with pro-
lificacy in the exon parts of this position (He et al. 2006). 

The results of investigating the mutations in 5 regions of 
exon 2 of the BMP15 gene have shown a correlation with 
fertility in several breeds of sheep (Montgomery et al. 

2001). Mutations in the BMP15 fertility gene play an im-
portant economic role in sheep and probably in the repro-
duction of ruminants (Galloway et al. 2000; Hanrahan et al. 
2004; McNatty et al. 2005). The function of a main single 
gene is responsible for the high ovulation rate in sheep 
Booroola Merino, Inverdale, Belclare, and Cambridge, but 
there is no reason for the existence of a main gene respon-
sible for prolificacy in other fertile sheep, such as Finish 
Landrac and Romanov (Gordon et al. 2004; Gordon et al. 
2005). These findings suggest that, at least two mechanisms 
of genetic control play a role in the high fertility of sheep. 
The biological effects of mutations varied among mammal 
species (Yan et al. 2001). In addition, Hashimoto et al. 
(2005) have suggested that species-specific differences in 
the processing of BMP15 may be correlated with the differ-
ences existing in fertility rates among species. In addition to 
existing variation in DNA and amino acids sequences be-
tween BMP15 in different species this study highlighted 
specific segments significantly more conserved in BMP15 
from mono-ovulating as compared to super-ovulating spe-
cies. Thus, further analyses are required in addition to DNA 
sequencing, for understanding and perceiving the complexi-
ties of the genome. 
 

  CONCLUSION  
There are several mechanisms of genetic control for regula-
tion of fertility in mammalian species in which BMP15 play 
an important role. The biological consensuses of mutation 
in BMP15 varied among mammal species and are species-
specific. Various mRNA processing of BMP15 in different 
mammalian species may cause a wide range of performance 
despite same DNA sequences. In addition to existing varia-
tion in DNA and amino acids sequences be-tween BMP15 
in different species this study highlighted specific segments 
significantly more conserved in BMP15 from mono-
ovulating as compared to super-ovulating species. Thus, 
further analyses are required in addition to DNA sequenc-
ing, for understanding and perceiving the complexities of 
the genome.  
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The Effects of Various Essential Oils of Medical 
Plant Seeds and Spices on Digestion Characteristics 
and Population Changes of Ruminal Anaerobic 
Fungi in in vitro Condition 

 

 

 

 

  INTRODUCTION 
 

In ruminants, symbiotic relationship is established with 
rumen microorganisms, by which the animal provides the 
nutrients and optimal environmental conditions to allow 
fermentation of their feed by the rumen microorganisms. 
Instead, microorganisms degrade fiber and synthesize mi-
crobial protein to supply energy and protein needs of the 

host animal (Van Soest, 1982). However, this symbiotic 
relationship is somewhat inefficient through loss of energy 
(methane) and protein (N-NH3) (Van Nevel and Demeyer, 
1988). These losses not only reduce production perform-
ance, but they also contribute to release of environmental 
pollutants (Tamminga, 1996). Ruminant nutritionists have 
long been interested in modulating competition among dif-
ferent microbial populations with the objective of improv-

The effect of essential oils (EO) of medical plant seeds and spices on rumen microbial fermentation of al-
falfa hay, sugar beet pulp and barley grain (as substrate) were evaluated under in vitro conditions. In vitro 
incubations were carried out using the gas production method with glass syringes. Treatments were as fol-
lows; a control (no additive), monensin, EO of cinnamon, black pepper seed, cumin seed, fennel seed and 
garlic oil (200 and 400 µL/g DM). Monensin was used as a positive control in the medium at 5 µmol. Data 
on gas production were fitted using an exponential equation. Results showed that compared to control 
treatments, monensin had a significant increase on gas production (P<0.05), and cumin seed EO decreased 
gas production of the feed samples (200 and 400 µL). The effects of treatments on in vitro ruminal fermen-
tation characteristics were tested using an in vitro culture inoculated by mixed rumen microbes. The test 
treatments were as follows; control (no additive), EO of cinnamon, black pepper seed, cumin seed and fen-
nel seed. Evaluations were made for medium pH, ammonia nitrogen concentration and dry matter disap-
pearance after a 48 h incubation period. To evaluate the effect of EO on in vitro ruminal fungi populations, 
a sample was taken from the medium after a 120 h incubation period and fungal population was determina-
tion by real-time polymerase chain reaction. Compared to the control treatment, cumin and cinnamon addi-
tions resulted in a significant decrease (P<0.05) on disappearance of dry matter in the feed samples. In the 
present study, additions of all tested EO to alfalfa hay treatment showed a significant increase in the final 
pH of the culture (P<0.05). However, cinnamon addition resulted in a significant decrease in medium am-
monia nitrogen concentration for each of the feed samples (P<0.05). Results of the present study also dem-
onstrate that addition all of the tested EO to alfalfa hay had a significantly decrease on in vitro ruminal fun-
gal population (P<0.05).  

KEY WORDS  alfalfa hay, essential oil, fungal population, real‐time PCR. 

M. Sadjadian1, M. Danesh Mesgaran1* and A.R. Vakili1 

1 Department of Animal Science, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran  

*Correspondence E‐mail:
 
danesh@um.ac.ir 

10

__________________________ WORLD TECHNOLOGIES __________________________

mailto:danesh@um.ac.ir
http://www.ijas.ir/


WT

  

ing the efficiency of energy and protein utilization in the 
rumen. This has been achieved through optimized diet for-
mulations and use of feed additives that modify fermenta-
tion in the rumen and enhance or inhibit specific microbial 
populations (Calsamiglia et al. 2006). Antibiotic ionopho-
res have been very successful in reducing energy and pro-
tein losses in the rumen (Van Nevel and Demeyer, 1988). 
However, the use of antibiotics in animal feed is becoming 
less socially acceptable because of residue and production 
of resistant strains of bacteria. The use of antibiotics in 
animal feed has been banned in the European Union since 
January 2006 (Directive 1831/2003/CEE, European Com-
mission, 2003). For this reason, scientists have become 
interested in developing alternative ways to modulate ru-
men fermentation such as application of yeasts, organic 
acids, plant extracts, probiotics and antibodies (Calsamiglia 
et al. 2006). Essential oils (EO) are complex mixtures of 
secondary metabolites and volatile compounds extracted 
from plants by methods of distillation that seem to have no 
direct function in their growth and development (Balandrin 
and Klocke, 1985; Benchaar et al. 2008). However, they are 
responsible odor and color in plants (Guenther, 1948). Ap-
plication of EO can be a useful strategy to improve effi-
ciency of nutrient utilization by ruminants (Benchaar et al. 
2008; Tajodini et al. 2014). EO have an important role in 
plants, for example protection against invasive insects, bac-
teria, viruses and fungi, as well as in attracting pollinators 
(Bakkali et al. 2008). EO have demonstrated antimicrobial 
activity against a variety of microorganisms, including 
gram positive and gram-negative bacteria, protozoa, yeast 
and fungi (Helander et al. 1998; Greathead, 2003; 
Reichling et al. 2009). The mechanism by which EO are 
thought to exert their antimicrobial activity is by disrupting 
the cell wall structure, affecting electron transport, ion gra-
dients, protein translocation, phosphorylation steps and 
other enzyme-dependent reactions (Ultee et al. 1999; 
Dorman and Deans, 2000). The antimicrobial activity of 
plant extract is attributed to a number of secondary plant 
metabolites, including saponins, terpenoids and phenylpro-
panoids present in the EO fraction of many plants (Dorman 
and Deans, 2000). A number of recent in vitro studies have 
evaluated the effects of various EO on ruminal microorgan-
isms and ruminal metabolism and have reported varied re-
sults. Many studies have reported the stimulatory and in-
hibitory effects of EO on a large variety of microorganisms 
under in vitro and in vivo conditions (Newbold et al. 2004; 
Benchaar et al. 2007; Nanon et al. 2014; Khorrami et al. 
2015). 

Fernandez et al. (1997) showed that a commercial prod-
uct of a blended of EO compounds inhibits protein degrada-
tion in the rumen, thus has the potential to increase protein 
supply to the post-ruminal tract.  

McIntosh et al. (2003), reported that EO can cause a de-
crease in the ruminal fungal population. The objective of 
this study was to evaluate the effects of various medicinal 
plant EO on in vitro ruminal fermentation of alfalfa hay, 
sugar beet pulp and barley grain and in vitro ruminal fungal 
population.  

  MATERIALS AND METHODS 
Substrates and EO preparation 
The tested feed samples were as follows; alfalfa hay (AH), 
barley grain (BG) and sugar beet pulp (BP); these were 
ground to pass through a 1mm screen (AOAC, 1990). 
Treatments were feed samples without EO (as controls) or 
substrates plus 200 or 400 μL/g DM dose of EO of cinna-
mon, black pepper, cumin, fennel or garlic oil. Monensin 
was also used as a positive control in the medium at 5 
µmol. These values were selected based on our previous 
experiments. The EO content was obtained for each plant 
with hydro-distillation of ground samples using Clevenger 
apparatus (Jahani-Azizabadi et al. 2014). The EO samples 
were stored in a refrigerator (4 ˚C) until they were used in 
the experiment. 

Gas production technique 
Two sheep (45±2 kg, body weight) fitted with rumen can-
nulae were used as donors for rumen fluid. They were fed 
1.5 kg DM alfalfa hay and 0.4 kg DM concentrates (165 g 
CP/kg DM) per head per day. Rumen content was collected 
before feeding in the morning. Rumen fluid was strained 
through 4 layers of cheesecloth and incubated at 39 ˚C. 
The gas production method of Menke and Steingass (1988) 
was used.  

Rumen fluid was immediately strained through four lay-
ers of cheesecloth and mixed in a 2:1 with buffer, then, 40 
mL of diluted fluid was added to the syringes. Each syringe 
was gassed with CO2 then incubated at 38.6 ˚C. The vol-
ume of gas produced was determined at 2, 4, 8, 12, 24, 36, 
72 and 96 h after incubation. Gas production data were fit-
ted using an exponential equation of  

P= b(1-e-ct)  

Where:  
b: volume of gas produced.  
c: fractional rate constant of gas production (/h).  
t: incubation time (h).  
P: volume of gas produced at time t. 

Ruminal quantification of fungi using batch culture 
Feed samples were alfalfa hay (AH), barley grain (BG) and 
sugar beet pulp (BP). Treatments were substrates without 
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EO (as control) and substrates plus 200 μL/g DM of EO of 
cinnamon, black pepper, cumin and fennel. 

Samples were incubated in a medium prepared as de-
scribed in Arroquy et al. (2005). The fermentation medium 
was pre-reduced anaerobically sterilized ruminal fluid me-
dium consisting 150 mL/L of mineral mixtures I (3 g/L 
K2HPO4), 150 mL/L mineral mixture II (3 g/L KH2PO4, 6 
g/L (NH4)2SO4, 6 g/L NaCl, 0.6 g/L MgSO4_7H2O, 0.6 
g/L CaCl2), 0.05 g/L of cellobiose, 400 mL/L of cell-free 
ruminal fluid, 1 mL/L resazurin, 300 mL/L of distilled wa-
ter, 4 g/L NaHCO3 and 0.5 g/L of cysteine-HCL. The fer-
mentation medium was autoclaved for about 20 minutes, 
cooled and then 4 g/L sodium bicarbonate was added. An 
amount of 45 ml of medium was supplied to a 100 mL bot-
tle that contained 0.45 g of a feed sample (4 replicates per 
each sample).  

Then, each bottle was inoculated under carbon dioxide 
with 5 mL of mixed rumen microbes. Rumen fluid was 
obtained from three sheep (49.5±2.5 kg) each fitted with a 
rumen fistulae before the morning feed, and immediately 
strained through four layers of cheesecloth.  

The animals were fed with 1.5 kg of DM alfalfa hay and 
0.4 kg DM concentrates (165 g CP/kg of DM) per head per 
day. The bottles were incubated for 120 h at 39 ˚C. Then, 
each bottle content was filtered through a 42 µm filter, and 
unfiltered residue was dried using a forced-air oven at 60 
˚C for 48 h, weighted and analyzed for DM and NDF con-
tent. 

Evaluations for ammonia nitrogen (N-NH3) concentra-
tion, medium pH and dry matter (DM) disappearance were 
carried out after 48 h of incubation. At the end of the incu-
bation period, 2 mL of medium content (liquid and solid 
phase) were taken and stored at -20 ˚C until the next analy-
sis. 

 
DNA extraction 
After thawing, samples were shaken and transferred to 1.5 
ml micro tubes containing glass beads and vortexed twice 
for 2 min with incubation on ice between shakings. Tubes 
were centrifuged at 200 × g for 5 min at 4 ˚C for the sedi-
mentation of feeds particles. The supernatants (200 μL) 
were transferred to a fresh 1.5 mL micro tubes and DNA 
extraction was performed using a genomic DNA Extraction 
Kit (AccuPrepTM, Bioneer Corporation) following the 
manufacturer′s instructions. 
 
Real time-PCR 
Fungi rDNA concentrations were measured using real time 
PCR relative to total bacteria amplification (ΔΔCt) and the 
SYBR Green PCR Master Mix Kit (SYBR Green I qPCR 
Master Mix, Syntol, Russia). The 16s rRNA gene-targeted 
primer sets used in the present study are described in Table 

1. Templates (1 μL) were added to amplification reactions 
(25 μL) containing 0.6 μL of primer mixture containing 10 
pmol of each primer, 11.5 μL of SYBR Green I qPCR Mas-
ter Mix (Syntol) and 12 μL of deionized water. SYBR 
Green I qPCR. Master Mix contained KCl, Tris-HCL (pH 
8.8), 6.25 mM MgCl2, dNTP, Taq DNA polymerase, 
Tween, and SYBR Green I. A no-template (sterile distilled 
water) negative control was loaded on each plate run to 
screen for contamination and dimmer formation and to set 
the background fluorescence for plate normalization. Am-
plification and detection were performed using an applied 
biosystems (ABI) 7300 sequence detection system under 
the following conditions: initial denaturation at 95 ˚C for 5 
min was followed by 40 cycles of denaturation at 95 ˚C for 
15 s, annealing at 61 ˚C for 15 s, extension at 72 ˚C for 30 
s, and then by the melting curve program (60-95 ˚C with a 
heating rate of 0.2 ˚C per second and a continuous fluores-
cence measurement). For total bacteria the threshold cycle 
of each standard dilution was determined during the expo-
nential phase of amplification and regressed against the 
logarithm of known total bacterial. Total bacteria popula-
tion size is reported as nano gram (ng) per μL of extracted 
DNA.  

The copy number of total bacteria 16 S ribosomal RNA 
gene was determined as: Log10 copy number= Ct-(y-
intercept/efficiency), where the formula parameters were 
derived from a standard curve of total bacteria. The popula-
tion of fungi were expressed relative to the estimated abun-
dance of total bacterial 16 S ribosomal RNA gene. 
 
Chemical analysis 
The chemical composition of the diet is reported in Table 2. 
DM content determined for each substrate by drying sam-
ples for 48 h in a 65 ˚C forced air oven (AOAC, 1990). Dry 
samples of the feed were maintained overnight at 550 ˚C in 
a furnace and organic matter (OM) was subsequently calcu-
lated as 100 minus the percentage ash (AOAC, 1990). Total 
nitrogen of each diet was determined by the kjeldahl meth-
od (AOAC, 1990), crud protein was calculated as N × 6.25. 
Ether extract was determined following the AOAC (1990).  

The neutral detergent fiber (NDF) and acid detergent fi-
ber (ADF) of the feed samples were analyzed by the deter-
gent system using the sequential procedure of Van Soest et 
al. (1991).  

For N-NH3 concentration determination, a 5 mL of each 
sample was acidified with 5 mL of 0.2 N HCL and was 
measured by the kjeldahl method. The medium pH was 
measured at the end of incubation with a pH meter 
(Metrohm744, Switzerland).  

The disappearance of DM was calculated as original 
weight of the DM minus weight of dry residue (after incu-
bation) divided by weight of the original sample. 
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Statistical analyses 
Statistical analysis of data from in vitro gas production test 
were made using SAS (1999) with the following model: 
 
Y

ijk
= μ + A

i 
+ βj + Tk + eijk  

 
Where:  
Y: depended variable.  
μ: overall mean.  
Ai: effect of EO.  
Bj: effect of feed sample. 
Tk: effect of concentration.  
eijk: residual error, were conducted in a 3 × 6 × 3 factorial 
design.  
 

Statistical analysis of rumen fermentation characteristics 
were conducted as a randomized complete design using 
SAS program with the following model:  
 

Yij= μ + A
i 
+ eij  

 

Where: 
Y: depended variable.  
μ: overall mean.  
Ai: effect of EO.  
eij: residual error. 

 

Evaluations of significance of difference between means 
of treatments and controls were determined at (P<0.05) 
using the Dunnett test. 
 

  RESULTS AND DISCUSSION 
The effect of treatments on in vitro gas production pa-
rameters  
The effects of EO on in vitro gas production parameters are 
shown in Table 3. Addition EO to AH showed that cinna-
mon significantly decreased c parameter at 200 µL 
(P<0.05), but it did not produce gas at 400 µL.  
 

 
 
 
 
 
 

Table 1 PCR primers utilized for amplifying the target bacteria

Target species  Forward/reverse  Primer sequence  Reference  

F GTGSTGCAYGGYTGTCGTCA 
Maeda et al. (2003)  Total bacteria  

R  ACGTCRTCCMCACCTTCCTC  
F GAGGAAGTAAAAGTCGTAACAAGGTTTC 

Zhang et al. (2008)  Fungi  
R  CAAATTCACAAAGGGTAGGATGATT  

 
 
 
 
 
 
 

Table 2 Dry matter and chemical composition of alfalfa hay, sugar beet pulp and barley grain
Composition (% of DM)           Alfalfa hay  Sugar beet pulp  Barley grain  
Dry matter (DM)  90.1  85.2 92.3 
Crude protein (CP)  14.2 12.4 9.4 

Ash   7.2  9.5 3.1  
Neutral detergent fiber  45.1 43.1 25.1 
Acid detergent fiber  29.9 23.6 7.5 
Ether extract   2.1  0.5 2.1  

Also, supplementation of cumin significantly decreased 
gas production parameters and b parameter at 200 and 400 
µL (P<0.05), respectively. Moreover, addition of garlic oil 
and fennel significantly increased c parameter at 200 µL 
(P<0.05) and black pepper significantly increased c pa-
rameter at both 200 and 400 µL (P<0.05) and monensin 
significantly increased both gas production parameters 
(P<0.05). In addition EO, BP showed that cinnamon and 
black pepper significantly decreased c parameter but in-
creased b parameter at 200 µL, while, cinnamon did not 
produce gas at 400 µL. Moreover, cumin addition signifi-
cantly decreased gas production parameters and b parame-
ter at 200 and 400 µL (P<0.05), respectively. Also, fennel 
addition significantly decreased b parameter at both 200 
and 400 µL (P<0.05), and garlic oil decreased b parameter 
at 200 µL (P<0.05), while, monensin significantly increased 
it. Addition evaluations for EO to BG showed that cinna-
mon and garlic oil additions significantly increased b pa-
rameter at 200 µL, while it did not produce gas at 400 µL. 
Also, black pepper addition and monensin significantly 
decreased c parameter but increased b parameter (P<0.05), 
while fennel decreased b parameter at 200 µL (P<0.05). 
 
The effects of treatments on rumen fermentation char-
acteristics on in vitro condition  
The effects of treatments on disappearance of concentra-
tions of DM, pH and N-NH3 are shown in Table 4 after 48 
h incubation, respectively. Additions of all EO to AH sig-
nificantly increased pH of culture (P<0.05), but decreased 
disappearance of DM except in fennel. Black pepper and 
cinnamon significantly decreased N-NH3 concentration 
(P<0.05). 

In addition, addition of cinnamon and cumin significantly 
decreased disappearance of DM and N-NH3 concentration 
of BP (P<0.05), while, cinnamon significantly increased pH 
of culture (P<0.05). Moreover, all treatments significantly 
decreased disappearance of DM of BG except fennel. Also, 
cinnamon and cumin significantly increased pH of culture 
but decreased N-NH3 concentration (P<0.05). 
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The effects of treatments on ruminal anaerobic fungal 
population 
Effects of treatments on ruminal anaerobic fungal popula-
tion are shown in Figure 1. Results of the present study 
demonstrate difference between treatments for evaluations 
of ruminal fungal population. All treatments significantly 
decreased (P<0.05) both fungal population of AH and fun-
gal population of BG in rumen except cumin. 

In general, rumen microbial activity and gas production 
were affected by the use of EO. These results are consistent 
with those reported in Fraser et al. (2007) and Macheboeuf 
et al. (2008) in that cinnamon decreased gas production at 
incubation periods of 24 h and 16 h. Also, Jahani-Azizabadi 
et al. (2009) reported that addition of cumin powder (4% of 
incubated DM) on in vitro rumen microbial fermentation of 
alfalfa hay decreased production of gas and methane. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Table 3 Effect of treatments on gas production of alfalfa hay, sugar beet pulp and barley grain

Amount1  Parameters   
Treatments 

Concentration (µL/g DM)  b (mL/0.3 g DM) c (/h)  

-  49.3  0.07  Alfalfa hay (AH) 
AH + cinnamon  200  49.1  0.03٭  

 0.03٭ 28.7٭  200
AH + cumin  

  0.06  20.4٭  400

  0.17٭  44.7  200
AH + fennel 

400  45.6  0.09  

  0.10٭  44.7  200
AH + garlic  

400  40.6  0.08  

  0.13٭  45.8  200
AH + black pepper 

  0.11٭  52.2  400

AH + monensin1 -  0.12٭  60.9٭  

-  84.0 0.09 Sugar beet pulp (SBP) 
SBP + cinnamon  200  98.1* 0.05*  

200  47.5*  0.03*  
SBP + cumin  

400  44.5*  0.06  

200  73.8*  0.10  
SBP + fennel 

400  69.7* 0.01  

200  71.5*  0.08  
SBP + garlic  

400  75.0  0.07  

200  93.8*  0.01*  
SBP + black pepper 

400  80.9 0.07  

SBP + monensin1 -  94.7*  0.07  

-  98.7 0.04 Barley grain (BG) 
BG + cinnamon  200  110.6* 0.04  

200  107.1  0.03  
BG + cumin  

400  104.8  0.02  

200  87.8*  0.04  
BG + fennel 

400  106.4  0.06  

200  113.9*  0.04  
BG + garlic  

400  108.4 0.04  

200  108.6* 0.07*  
BG + black pepper 

400  100.7  0.04  

BG + monensin1  -  109.6*  0.07*  

SEM -  1.49  0.004 

P-value -  0.05 0.05 
* (P<0.05). 
SEM: standard error of the means. 
1 Monensin used as 5 μmol in medium. 

  
On the other hand, results of the present study did not 

conform to those reported in Hodjatpanah‐Montazeri et al. 
(2015) in which cumin and cinnamon increased gas produc-
tion 24 h post incubation. Other reports have demonstrated 
that garlic decreased gas production (Busquet et al. 2005; 
Kilic et al. 2011).  

Furthermore, it has been reported that garlic oil has an-
timicrobial activity and a high dose of garlic could have a 
detrimental effect on ruminal fermentation (Feldberg et al. 
1988). Cinnamon is a monophenolic compound that binds 
proteins and disturbs energy metabolism in cells 
(Wendakoon and Sakaguchi, 1995). Oussalah et al. (2006) 
also reported that cinnamon had an inhibitory effect on 
pseudomonas putida. The chemical structure determines the 
activity and antimicrobial effect of an EO (Dorman and 
Deans, 2000).  
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Various results have been reported on the effects of EO 

on ruminal pH. The findings of the present study show that 
cinnamon and cumin caused a significant (P<0.05) increase 
in pH of culture. Results presented here are consistent with 
those reported in Fraser et al. (2007) in which cinnamon 
addition increased the fermenter pH in a RUSITEC. Similar 
results were obtained by Busquet et al. (2006) in which 
addition of cinnamon oil increased fermenter pH an in vitro 
fermentation system. Moreover Hodjatpanah‐Montazeri et 
al. (2015) showed the pH value of corn silage increased by 
cumin in in vitro rumen fermentation. Benchaar et al. 
(2007) reported an increase in ruminal pH when dairy cows 
received EO. In contrast to the effects observed in this 
study, other reports show that EO had no effect on pH 
(Yang et al. 2007). Whiles Jahani-Azizabadi et al. (2014) 
investigated EO of cumin at its 280 μL L-1 reduced pH. 
Increase in value pH may be related to the higher amount of 
ruminal NH3 concentration in our experiment. Results of 
different studies for the impact of EO on ruminal N-NH3 
concentration are variable. In some studies, EO showed 
good potential to alter rumen microbial fermentation and 
ammonia producing bacteria in the rumen (McIntosh et al. 
2003; Patra and Yu, 2014). The results of the current study 
on cinnamon and cumin impact showed a significant 
(P<0.05) decrease in N-NH3 concentration. Several authors 
have reported a reducing effect on N-NH3 concentration in 
the incubation medium by cinnamon (Jahani-Azizabadi et 
al. 2011; Jahani-Azizabadi et al. 2014). Similar results were 
obtained by Cardozo et al. (2005) when supplementing 
ocinnamon in an in vitro fermentation system fed a high-
concentrate finishing diet. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In addition, Busquet et al. (2006) demonstrated that cin-

namon inhibited N-NH3 concentration at high concentra-
tion (3000 mg/L). Fraser et al. (2007) reported that cinna-
mon addition decreased N-NH3 in a RUSITEC. 
Macheboeuf et al. (2008) reported that cinnamon decreased 
ammonia in an in vitro fermentation system. Ferme et al. 
(2004) showed that cinnamon addition to an in vitro rumen 
simulation system resulted in a reduction in Prevotella spp. 
a group of bacteria known to be involved in deamination, 
providing evidence of a mechanism of activity. These re-
sults suggest that cinnamon extract inhibited peptidolysis. 
The results of this study indicated that black pepper signifi-
cantly (P<0.05) decreased N-NH3 concentration of AH. 
These results are consistent with results reported in 
Cardozo et al. (2004) in which pepper addition decreased 
N-NH3 concentration in a continuous culture. Busquet et al. 
(2006) demonstrated that capsicum oil (active component 
of black pepper) inhibited N-NH3 concentration at high 
concentration (3000 mg/L). Cardozo et al. (2005) reported 
that capsaicin decreased N-NH3 concentration in an in vitro 
fermentation system fed a diet of straw/concentrate 10:90. 
Although several studies have demonstrated antimicrobial 
activity of capsicum oil, the lack of the effect of capsicum 
oil compared with other EO could be related to its low con-
tent of oxygenated hydrocarbons. Some studies have ob-
served that hydrocarbons monoterpenes are in general sig-
nificantly less active than oxygenated monoterpenes (Cox 
et al. 2001). Decreased N-NH3 concentration with EO sug-
gests that these types of additives decrease deamination 
activity of bacteria that rely on peptides and AA as a source 
of N (Taghavi-Nezhad et al. 2014).  

Table 4 Effect of treatments on rumen fermentation characteristics in in vitro condition of alfalfa hay, sugar beet pulp and barley grain 
Parameters1  

N-NH3 (mg/100 mL)  pH  disappearance of DM  
Treatments 

47.20  6.76  0.73  Alfalfa hay (AH)  
29.70*  7.05* 0.41*  AH + cinnamon  

48.97  6.95*  0.55*  AH + cumin   

51.14  6.89*  0.734  AH + fennel  

26.82*  6.88* 0.57*  AH + black pepper  

30.86  6.63  0.88  Beet pulp (BP)  
22.58* 7.27* 0.47* SBP + cinnamon 

 22.87* 6.66 0.67* SBP + cumin   

29.05 6.65 0.89  SBP + fennel  

29.86 6.67 0.91  SBP + black pepper  

30.60 6.56 0.90 Barley grain (BG)  
26.28* 7.03* 0.38* BG + cinnamon 

25.53* 6.9* 0.78* BG + cumin  

33.55 6.58 0.88  BG + fennel 

29.19  6.68  0.81*  BG + black pepper  

2.73  0.02 0.022 SEM 

 0.05   0.05   0.05  P-value 
* (P<0.05). 
SEM: standard error of the means. 
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Wallace et al. (2002) suggested that anti-microbial prop-

erties of EO can be exploited to modulate activity of rumen 
microbial populations by reducing degradation of dietary 
protein and thereby enhancing rumen N escape. Also, re-
cent studies indicated that application of EO resulted in a 
significant reduction in protozoal population in the rumen 
(Patra and Yu, 2014; Khorrami et al. 2015; Lin et al. 2013). 
Rumen protozoa are responsible for a considerable amount 
of rumen ammonia due to predation of rumen bacteria and 
consumption of feed proteins (Bonhomme, 1990; Firkins et 
al. 2007). Therefore, a portion of observed reduction in 
ammonia concentration may be due to anti-protozoa effects 
of the EO (Lorenz et al. 2011). Perhaps the different effects 
of EO on feed samples reflect that there are different spe-
cies responsible for digestion of the various proteins. Be-
side these differences among studies, results may have been 
affected by method of experimentation.   

In the present study, cinnamon and cumin decreased dis-
appearance of DM confirming the findings of some previ- 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Effect of treatments on quantity of the fungal population existing in the in vitro culture relative to total bacteria population (Ct fungi×10-
8) of alfalfa hay (A), sugar beet pulp (B), barley grain (C) 
Asterisk differ significantly from the control (P<0.05) 

ous studies (Jahani-Azizabadi et al. 2011; Jahani-Azizabadi 
et al. 2014; Hodjatpanah‐Montazeri et al. 2015). These 
findings are similar with those of Fraser et al. (2007) who 
observed a decrease in DM digestibility when cinnamon 
leaf oil was supplied at 500 mg/L in a RUSITEC. Because 
fiber disappearance was reduced by cinnamon, this can be 
lead to the conclusion that fungi were affected by cinnamon 
addition. However, the magnitude of the reduction in DM 
disappearance was greater for barley grain than for alfalfa. 
This implies that microbial populations involved in concen-
trate digestion were affected more by cinnamon than those 
involved in forage digestion. Reduction in DM disappear-
ance might be nutritionally unfavorable for an animal but a 
decrease in concentration of N-NH3 because of an increase 
in ruminal escape dietary protein can improve efficiency of 
the nitrogen use by the ruminants (Van Nevel and De-
meyer, 1988). 

Moreover, this study showed that EO resulted in a de-
crease in the rumen fungal population.  
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These results are consistent with those reported in 
McIntosh et al. (2003) showing that addition of a blend of 
EO inhibited N. frontalis fungal activity in the rumen with 
H2 production at the concentration of 40 ppm. Similar re-
sults were obtained by Talebzadeh et al. (2013) in that fun-
gal growth (Neocalimastix spp.) were inhibited and activity 
of fibrolytic fungal enzymes were reduced by adding 
ajowan EO. Kongmun et al. (2010) reported that ruminal 
anaerobic fungi population was not influenced by coconut 
oil and garlic powder. Although, garlic oil had fungicidal 
properties, as reported by Pai and Platt (2008). The antifun-
gal effect of EO may also have contributed to decreased 
fiber digestibility. However very little information is avail-
able on the effect of EO on rumen fungal population. The 
results observed in the present trial suggest that careful se-
lection of plant extracts may help to improve efficiency of 
rumen microbial fermentation. However, future research 
may help to establish the efficacy of EO as rumen microbial 
modulators. 

 

  CONCLUSION 

The results obtained in the present study suggest that EO 
are able to modify rumen fermentation by changing gas 
production, protein metabolism or by causing disappear-
ance of DM. In terms of protein metabolism, the mecha-
nism of action may be related to inhibition of deamination, 
although the inhibition of peptidolysis has also been sug-
gested for some EO. However, further research is necessary 
to determine optimal doses of EO, the potential for adapta-
tion of rumen microflora to the actions of these additives, 
the fate of these products in an animals and the presence of 
residue in meat or milk, and effects on animal performance. 
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  INTRODUCTION 
Rice is the world’s second largest cereal crop after wheat, 
with an annual production of about 750 million metric tons 
(FAO, 2013). It is the staple food of more than half of the 
world’s population. About 91% of it is grown and con-
sumed in Asia. For every 4 tons of rice grain, about 6 tons 
of straw are produced, therefore this amounts to about 550 
million tons of straw and 110 million tons of husks each 
year. Rice straw has low nutritive values because of low 
DM digestibility and low protein content (Van Soest, 

2006). Rice straw is lesser in lignin and great in silica com-
pared with the other straws. Until today, a lot of investiga-
tions have conducted using a variety of chemical and bio-
logical treatments to improve rice straw in ruminant nutri-
tion. These treatments involve sodium hydroxide, ammonia, 
urea, pressure and heat in combinations with steam, pres-
sure and ammonia, urine, enzymes, acids and fungi. How-
ever, the main goal of these treatments was enhancement of 
digestibility dry and organic matter. Nowadays, some new 
concepts in ruminant nutrition, such as physically effective 
fibre (peNDF) are being introduced (Mertens, 1997; 

In order to determine of physical characteristics of rice straw as an effective source of fiber in ruminants, 
alfalfa hay, four varieties of rice straw (Taroum Neda, Taroum Neamat, Taroum Sangi, and Asgari), and 
four rations that contained four varieties of rice straws were investigated. The chemical (dry matter (DM), 
organic matter (OM), neutral detergent fiber (NDF), nonfiber carbohydrates (NFC) and crude protein (CP)), 
and physical characteristics (bulk density, water holding capacity (WHC), and soluble and insoluble DM 
and ash of samples, kinetics of hydration and change in functional specific gravity (FSG) and feed particle 
size, physically effective factor (pef)) of forages and total mixed ration (TMR) were determined. Except on 
ether extract and ash content, the DM, OM, NDF, NFC, and CP content of four rice straw and rations were 
similar but there was different among alfalfa and rice straws. The rice straws had a bulk density lesser than 
alfalfa. However, TMR had a similar bulk density, WHC, hydration rate, insoluble DM and ash and greater 
than alfalfa hay. Alfalfa had lesser WHC than rice straws and there were not different in straws. The soluble 
DM and FSG of rice straws were similar and lesser than those of alfalfa hay. The TMR had similar physical 
characteristics. Alfalfa hay had greater FSG than rice straw at all incubation times. Four rice straws and 
four rations were similar in indegradable NDF (iNDF) and total tract NDF digestibility (TTNDFD). Results 
showed that regardless the system, rice straws were similar in physically effectiveness and physically more 
effective than alfalfa because of having greater NDF and iNDF content, geometric mean and pef than al-
falfa. 

KEY WORDS  effective fibre, in degradable NDF, physical characteristic, rice straw. 
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Mertens, 2000) to relate the physical characteristics of fibre 
(primary particle size) to its effects on chewing activity and 
the biphasic nature of rumen contents. Although particle 
size measurement is central to all effective fibre systems, 
nonetheless, some the physical characteristics such as func-
tional specific gravity (FSG), bulk density, water holding 
capacity (WHC), insoluble ash, etc. influence effectiveness 
of fire and rate of passage (Teimouri Yansari et al. 2004; 
Teimouri Yansari and Pirmohammadi, 2009). In addition, 
plant breeding has been devoted to maximizing grain yield 
with less interest in the straw. This has resulted in short 
varieties in which the proportions of straw and leaf blades 
are reduced (Capper, 1988; Bainton et al. 1991). However, 
for more forages the physical characteristics and effective-
ness have not been investigated. 

Rice straw is important forage for in Northern Iran that 
was produced 1450 million metric tons rice grain (FAO, 
2013). Using rice straw for animal production can save 
grains and provide additional income to farmers and de-
crease environmental pollution due to the burning of straw 
after harvest. Development and application of chemical 
treatments for upgrading straw have stimulated intense in-
terest, but there are still some blind spots on the mechanism 
with which the treatments improve the nutritive value of 
straw. It seems that rice straws are sources of indigestible 
NDF that may retain in the rumen, make a consistence ru-
minal mat, stimulate rumination, chewing activity and sa-
liva secretion and ultimately buffer rumen pH and increase 
the concentration of ruminal acetate and milk fat. On the 
contrary, they had a great ruminal filling factor, therefore; it 
is often considered as low-quality forage. Four rice varieties 
including Taroum Neda and Taroum Neamaat as short va-
rieties and Taroum Sangi and Asgari as tall varieties are 
abundant. However, until now the quality had not studied 
and their effectiveness was not compared. Thus, the aim of 
the current experiment was determination of chemical com-
position, physical characteristics, ruminally degradability 
parameters of NDF and NDF fractionation of feeds and 
TMR that contained four different varieties of rice straw.  

 

  MATERIALS AND METHODS 
Alfalfa at 15% flessering, four different varieties of rice 
straw (Taroum Neda and Taroum Neamaat as short varie-
ties and Taroum Sangi and Asgari as tall varieties) were 
harvested, dried and chopped on the same day, at maturity 
14 cm above the ground in August 2014 from the agricul-
tural research center of Agricultural and Natural Resource 
University (SANRU), Sari, Mazandaran, Iran. Individual 
small rectangular bales (average weight 10 kg) were 
chopped with a forage field harvester (Jaguar # 62, Class 
Company, Germany) for theoretical cut length 19 mm.  

Feeds were weighed, sub-sampled, dried at 55 ˚C, ground 
through a Wiley mill (1 mm screen) and analyzed for DM, 
OM, Kjeldahl N, ether extract (AOAC, 2002), NDF (Van 
Soest et al. 1991; using amylase and inclusive of residual 
ash), ADF (Van Soest et al. 1991) and ash at 605 ˚C. Non-
fibre carbohydrate in g/kg was calculated as: 1000 - [CP + 
NDF + Ash + EE].  

Bulk density (g/mL), WHC (g/g insoluble DM), and 
soluble and insoluble DM and ash (g/kg) of alfalfa and rice 
straws were measured as described by Giger-Reverdin 
(2000). Kinetics of hydration and change in FSG of forages 
were measured with 100 mL pycnometer at 39.0 ± 0.5 ˚C 
(Wattiaux, 1990; Teimouri Yansari et al. 2004). The mixed 
rumen fluids from two sheep fed only alfalfa were collected 
before to feeding and rinsed with eight layers of cheese 
cloth, centrifuged at 3000 × g, for 10 min and the super-
natant (with density 1.0068±0.0005 g/mL) were used as 
hydration solution. Sodium azide (0.50 g/L) and penicillin 
G (25000 units/L) were added to the hydration solution to 
prevent microbial growth. About 1.5 g of each sample, in 5 
replicates were weighed in pycnometers. The pycnometers 
were half-filled to allow vigorous shaking after initial soak-
ing of samples and for removal of gas bubbles. The first 
reading of the total weight of pycnometers was taken after 6 
min (0.1 h) of initial soaking, which was the shortest inter-
val necessary to eliminate all gas bubbles. After completely 
filling the pycnometers, they were again put on the stirring 
plate for gentle and continual stirring. Pycnometers were 
refilled and weights were recorded at 0.5, 1.0, 1.5, 2, 4, 6, 
12, 24, 36, 48 and 72 h. 

During measurements of hydration kinetics, very small 
gas bubbles accumulated near the junction between adapter 
and flask of pycnometers, connecting a vacuum pump to 
pycnometer for 2 min dislodged gas bubbles from the junc-
tion. Data were used to estimate the rate of hydration and 
water uptake or WHC using NLIN procedures of SAS® 

(SAS, 1998; Wattiaux, 1990). A biexponential model as 
was described by the function below was used to estimate 
hydration parameters: 

 
Yt= Ae-k

a
t + Be-k

b
t 

 

Where:  
Yt: water uptake over time (g/g of insoluble DM).  
A and B: represent pool sizes of hydration.  
ka and kb: represent respective fractional rates of hydration 
(min-1).  
 

Total WHC (g/g of insoluble DM) was calculated as the 
sum of total solution uptake (sum of A+B) and initial mois-
ture content of samples. A mean for hydration rate that was 
weighted for pool sizes from biexponential models was 
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calculated: [(A×ka) + (B×kb)] / (A+B). As mentioned 
above, in this study, the WHC were measured using filtra-
tion method (Giger-Reverdin, 2000; Table 1) and non-
linear curve fitting method (Wattiaux, 1990).  

Feed particle size and distribution were determined by 
dry sieving in four replicates, using the Penn State particle 
separator. The physical effective factor (pef) of TMR were 
determined as the sum of retained particle on two 19 and 
8mm sieves (pef>8; Lammers et al. 1996), and three 19, 8, 
and 1.18mm sieves (pef>1.18; Kononoff, 2002). The NDF of 
all materials retained on each sieve were measured (Van 
Soest et al. 1991). The peNDF>8 and peNDF>1.18 were cal-
culated by multiplying NDF content of each portion on 
each sieve on pef>8 and pef>1.18, respectively (Table 2). The 
geometric mean and its standard deviation were calculated 
(American Society of Agricultural Engineers, 2002). 

Using two ruminally fistulated Zel ewes (BW=30.5±1.8 
kg); 5 g sample in 4 replications was weighed in sealed 
nylon bags (7 cm×8 cm, polyamide, with 15±2 µ pore size) 
and incubated in the rumen for 240 h (Huhtanen et al. 
1994). Sheep housed on front shed, fed a total mixed ration 
(TMR) containing 50% chopped alfalfa hay, 25% rice 
straw, 25% barely grain, and mineral/vitamin supplement 
according to their requirements. On removal, bags were 
washed using cold water, dried at 55 ˚C for 48 h, residues 
for the periods were homogenized and analyzed for 
Kjeldahl N, NDF, and acid detergent lignin (ADL; Van 
Soest et al. 1991; Table 1), and multiplied by a fixed factor 
of 2.4 calculated as ADL × 2.4 (iNDF2.4). The pdNDF cal-
culated using the following equation: pdNDF= NDF – 
iNDF (Cotanch et al. 2014; Raffrenato and Van Amburgh, 
2010). 

Experimental data were analyzed using the PROC 
MIXED of SAS (1998) as a completely randomized design 
with 5 replications by the following model: 

 
Yij = µ + Ti + eij 

 
Where:  
Yij: dependant variable. 
µ: overall mean.  
Ti: random effect of treatment. 
eij: experimental error.  
 

The data of particle size was analyzed as a completely 
randomised design with model effects of forage and two 
methods of particle size measurement using the REML 
variance component and PROC MIXED of SAS (1998).  

The data of particle size was analyzed as a completely 
randomized design with model effects of forage and two 
methods of particle size measurement using the REML 
variance component and PROC MIXED procedure of SAS 

(1998) (Table 1). Mean separation was determined using 
the PDIFF procedure, and significance was declared at 
(P<0.05).  

 

  RESULTS AND DISCUSSION 
Dry matter, OM, NDF, NFC and CP content of the four rice 
straw varieties were similar, except EE and ash content, but 
there was significant difference among alfalfa and rice 
straws (Table 1).  

Rice straw had greater NDF and ash and lesser NFC and 
CP than alfalfa. The TMR that contained four different va-
rieties of rice straw were also similar on DM, OM, NDF, 
NFC and CP content, however, their EE and ash content 
was significantly different. Previous researches have evalu-
ated rice varieties for their composition and nutritive value 
and found that there is considerable variation among varie-
ties relative to straw quality (Singh and Singh, 1995; 
Vadivelloo, 1995; Vadivelloo, 2000; Vadivelloo and Phang, 
1996). In addition, short and tall varieties are different in 
chemical composition and digestibility relative to leaf, 
sheath and stem proportions.  

Leafiness is associated with height among varieties in 
contrast to other grasses (Vadivelloo, 1995). Leaves tend to 
be less digestible than stems (Vadivelloo, 1995; Vadivelloo, 
2000; Vadivelloo and Phang, 1996). The total mixed rations 
that contained Taroum Neda had lesser EE and ash content 
than others (Table 1). However, the quality of rice straw 
varieties is highly dependent on soil type and any genetic 
study will require control of the soil type (Van Soest, 
1994). In the current study, since all varieties cultivated at 
the similar condition, the similarity in chemical composi-
tion was expected. Bulk density or packing density is the 
ratio of the mass of a collection of discrete pieces of solid 
material to a sum of the volume of the solid in each piece, 
the voids within the pieces, and the voids among the pieces 
of the particular collection (D3766, D32, ASTM Committee 
EO2 On Terminology, 2000). The rice straws had a bulk 
density lesser than alfalfa. The values of bulk density for 
rice straws and alfalfa were lesser than 1 and confirmed that 
as other forages these materials easily bounced over ru-
minal particulate post feeding (Table 2). There is a negative 
correlation among NDF and bulk density. Singh and Na-
rang (1991) and, Giger-Reverdin (2000) reported that feed-
stuffs with high NDF content had low bulk density, and 
might have more effect on rumen fill than feedstuffs with 
high bulk density. Hence, forages that occupy larger vol-
umes per unit of DM weight should have a greater effect on 
fill than another feeds (Wattiaux, 1990). Wattiaux (1990); 
Van Soest, (1994) and Van Soest, (2006) reported that bulk 
density influences dry matter intake (DMI), passage rate, 
and ruminal mean retention time.  
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As presented in Table 1, since rice straws had a high 

NDF content than alfalfa and their bulk densities were 
lesser than alfalfa, Taroum Asgari had relatively greater 
bulk density compared to others because of greater ash con-
tent. However, TMR that contained four different varieties 
of rice straw had similar bulk density. The WHC, hydration 
rate, insoluble DM, and ash contents of rice straws signifi-
cantly greater than alfalfa hay, however, there were no dif-
ference among straws. In the current experiment, hydration 
rate is measured using two methods. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

The values obtained using filtration methods (Giger-
Reverdin, 2000) were lesser than using curve fitting meth-
ods (Wattiaux, 1990).  

Nonetheless, in both the methods, alfalfa had signifi-
cantly lesser WHC than rice straws and there were no sig-
nificant different amongst straws. It seems that greater val-
ues for WHC in straws varieties were the result of a high 
NDF content and lesser bulk density. On the contrary, solu-
ble DM and FSG of rice straws were significantly lesser 
than alfalfa hay (Table 2).  

Table 1 Chemical composition (% of DM) of feeds and total mixed rations that contained four different varieties of rice straws 
Item  DM  OM  NDF  NFC CP  EE  Ash  

Feeds                

Alfalfa hay  89.20a  91.90a  48.63b  27.30a  14.16a 1.57b  8.33c  

Taroum Neda  90.50b  86.77b  76.80a  3.21b  5.37b  1.41a  13.23ab  

Taroum Neamaat  90.53b  87.23b  77.13a  2.33b  5.50b  1.53ab  13.50a  

Taroum Sangi  90.43b  87.50b  77.20a  3.02b  5.10b  1.63a  12.63b 

Taroum Asgari  90.70b 86.83b 78.63a 2.76b 5.37b 1.60a  12.63b 

SEM  0.333 0.306  0.388  0.509  0.126  0.010  0.124 

P-values  0.0208  < 0.0001  < 0.0001 < 0.0001 < 0.0001  0.0058  < 0.0001 

Total mixed rations that contained four different varieties of rice straw  
Taroum Neda  91.83  92.23  53.13  22.60  11.20  1.40b  11.67c  

Taroum Neamaat  92.93  92.13  52.80  22.90  10.70  1.53ab  12.07bc  

Taroum Sangi  92.67  92.87  52.93  21.57  11.10  1.63a  12.50ab  

Taroum Asgari  92.70 92.67 53.20 21.47 10.90 1.60a 12.83a 

SEM  1.580 0.688 0.637 0.947 0.111 0.009 0.127 

P-values 0.4366  0.6738 0.9210 0.2518 0.3279 0.0301 0.0185 
DM: dry matter; OM: organic matter; NDF: neutral detergent fiber; NFC: nonfiber carbohydrates; CP: crude protein and EE: ether extracts. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 2 Physical characteristics of feeds and total mixed rations that contained four different varieties of rice straws

 

Item 

Bulk 
density 

(g/mL) 

Water holding capacity 

(g/g insoluble DM) 

Hydration rate 

(g/g insoluble DM 
/min)1 

Hydration rate 

(g/g insoluble DM 
/min)2 

Functional 
specific gravity

Soluble DM 

(g/g DM) 

Insoluble DM 

(g/g DM) 

Insoluble 
ash 

(% of ash) 

Insoluble ash 
(g/g DM) 

Feeds          

Alfalfa hay 0.838a 3.09b 0.058b 0.068b 1.143a 0.288a 0.712b 91.30a 8.70b 

Taroum Neda 0.645b 6.52a 0.069a 0.075a 1.005b 0.128b 0.872a 88.87b 11.13a 

Taroum Neamaat 0.655b 6.62a 0.066a 0.076a 1.004b 0.130b 0.870a 89.50b 10.50a 

Taroum Sangi 0.644b 6.65a 0.067a 0.073a 1.003b 0.129b 0.871a 89.16b 10.13a 

Taroum Asgari 0.670b 6.66a 0.069a 0.075a 1.006b 0.137b 0.866a 88.87b 10.84a 

SEM 0.032 0.055 0.004 0.003 0.015 0.002 0.002 0.002 0.002 

P-values < 0.0001 0.0455 < 0.0001 < 0.0001 0.0036 < 0.0001 < 0.0001 0.0041 0.0041 

Total mixed rations that contained four different varieties of rice straw 

Taroum Neda 0.621 5.97 0.038b 0.042b 1.174 0.210 0.790 79.00 8.97b 

Taroum Neamaat 0.621 5.89 0.035a 0.043a 1.186 0.200 0.800 80.30 9.77ab 

Taroum Sangi 0.622 5.93 0.032a 0.042a 1.172 0.213 0.787 78.67 11.40a 

Taroum Asgari 0.618 6.10 0.034a 0.041a 1.175 0.214 0.786 78.77 10.17ab 

SEM 0.046 0.038 0.001 0.002 0.235 0.022 0.033 0.042 0.022 

P-values 0.056 0.0654 < 0.0001 < 0.0001 0.0765 0.0632 0.0578 0.0672 0.0001 
1 Water holding capacity that measured using filtration methods (Giger-Reverdin, 2000). 
2 Water holding capacity that calculated using curve fitting methods (Wattiaux, 1990). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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In addition, except insoluble ash content in ration, TMR 
that contained four different varieties of rice straw were 
similar for others physical characteristics. The FSG of al-
falfa and rice straws over incubation time in pycnometer is 
presented in Table 3. Alfalfa hay had significantly greater 
FSG than four varieties of rice straw at all incubation times.  
Using the original two sieves Penn State particle separator, 
the distribution of the particle for rice straws and TMR on 
different sieves was significantly different. In this system, 
the geometric means of the particle were significantly dif-
ferent (Table 4). Using three sieves of Penn State particle 
separator, the distribution of particle for rice straws and 
TMR on different sieves also, were significantly different. 
However, in this system, the geometric means of particle 
for rice straws and TMR were similar (Table 4). In addi-
tion, the values for pef>8 and peNDF>8 were significantly 
greater for rice straws than alfalfa; however these values 
were similar for all TMR that contained one variety of rice 
straws. Also, the values of pef>1.18 and peNDF>1.18 had a 
similar trend. Comparison of pef>8 and pef>1.18 showed that 
pef>1.18 were significantly greater than pef>8 for alfalfa, rice 
straws and TMR that confirmed with pervious researchers 
(Teimouri et al. 2004). The distribution of particle size 
showed that regardless the system, rice straws were more 
physically effective than alfalfa because they had greater 
geometric mean and pef>8, pef>1.18, peNDF>8, and 
peNDF>1.18 than alfalfa (Table 4). These characteristics con-
firmed that different varieties of rice straws had no signifi-
cant difference on pef>8, pef>1.18, peNDF>8, and peNDF>1.18.  
Therefore, their physical properties especially physically 
effectiveness were similar, measured using the original ver-
sion of Penn State particle separator (Lammers et al. 1996) 
and the new version of Penn State particle separator 
(Kononoff, 2002). Rice straws had greater lignin and silica 
and were limiting factor to rice straw quality. As a view-
point, rice straws are good source of indigestible NDF of 
effective NDF that may retain in the rumen, made a consis-
tence ruminal mat, stimulate rumination, chewing activity, 
and saliva secretion, and ultimately buffer rumen pH and 
increase concentration of ruminal acetate and milk fat. Con-
trarily, they had a great ruminal filling factor; therefore, it is 
often considered as low-quality forage.  

Alfalfa had greater soluble, slowly degradable, potential 
degradable fraction, and rate of degradability for NDF in 
the rumen, pdNDF and total-tract NDF digestibility 
(TTDNDF) than four rice straws. Also, the slowly degrad-
able, the potential degradable fraction, and rate of degrad-
ability for NDF in the rumen, the content of NDF, ADL, 
iNDF288, pdNDF and TTDNDF four rice straws were simi-
lar (Table 5). The TMR that contained four different varie-
ties of rice straw were similar in rate of degradability, NDF, 
ADF, ADL, iNDF288, iNDF2.4, and TTDNDF but the ration 

that contained Taroum Neda had lesser soluble, slowly de-
gradable, and potential degradable fraction than other ra-
tions. Although iNDF288 (% of DM) of four rations had not 
significantly different but the iNDF288 as proportion of NDF 
were significantly different. Taroum Asgari and Taroum 
Neda had the greatest and lowest the iNDF288 as propor-
tion of NDF, respectively. Fiber digestion occurs primarily 
in the rumen and is the result of a dynamic process that is 
affected by the chemical nature of the plant fiber that con-
trols the digestion and passage of fiber within the animal’s 
digestive tract. Rate of fiber digestion (Kd) and the propor-
tion of NDF that is pdNDF vary considerably between and 
within forage types (Van Soest, 1994). Rate of passage of 
fiber is primarily affected by level of intake of the animal, 
and, consequently, fiber digestibility increases with longer 
retention time of feed in the rumen. Recently, a model was 
developed to use an in vitro NDF fermentation assay to 
measure the proportion pdNDF and rate of digestion of 
NDF to predict TTNDFD (Cotanch et al. 2014). The di-
gestibility of forage and the capacity of ruminants to con-
sume it are largely influenced by its content of NDF that is 
directly related to pdNDF as the NDF fraction which disap-
pears after a long incubation period and leaving the iNDF 
which is unavailable for microbial digestion. According to 
some studies, the determination of iNDF should be included 
in all basic feedstuff analysis because it is an ideal fraction 
which has zero digestibility, uses for the estimation of 
pdNDF, and recommended that there should be a defined 
proportion of iNDF in the diet (Cotanch et al. 2014; Zali et 
al. 2015). In addition, Lippke (1986) suggested that maxi-
mum iNDF consumption is about 20 g/kg BW0.75 per day, 
however, more research is required to resolve if this value 
is relevant for different production systems and different 
forages.  

The forages can have the same NDF content but differ 
vastly in iNDF. In the current experiment, without signifi-
cant differences, four varieties of rice straw had high NDF 
and iNDF288 content. Nutritional models predict dietary 
iNDF to rumen digesta load and feed intake because there 
are strongly negative relationships between iNDF and feed 
intake when iNDF content exceeds 15% of TMR 
(Raffrenato and Van Amburgh, 2010), and the iNDF as a 
predictor of OM digestibility in forage-based diets (Cotanch 
et al. 2014; Zali et al. 2015). The relationship between DM 
intake and NDF is greater than just NDF content in the diet 
but also dependent on the pdNDF (Lippke, 1986). The 
pdNDF fraction is the difference between the NDF and 
iNDF. The iNDF component is the rate-limiting constituent 
of forages at greater NDF level. The iNDF is unavailable to 
microbial digestion in ruminants even if the total tract resi-
dence time of fibre is extended to effectively an infinite 
time.  
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Table 3 Functional specific gravity of alfalfa and rice straws according to incubation time (h) in pycnometer 

Incubation time in pycnometer (h)

724836241264210.50.1
Feeds

1.455a 1.443a1.475a1.443a1.367a1.318a1.299a1.275a1.258a1.237a1.116aAlfalfa hay  

1.046b1.047b1.031b1.029b1.026b1.024b1.020b1.021b1.011b1.009b1.005bTaroum Neda  

1.045b1.034b1.024b1.025b1.023b1.021b1.021b1.026b1.019b1.013b1.004bTaroum Neamaat  

1.046b1.044b1.042b1.040b1.038b1.035b1.034b1.028b1.018b1.0121.003bTaroum Sangi  

1.057b1.052b1.049b1.047b1.043b1.039b1.033b1.024b1.017b1.009b1.006bTaroum Asgari  

0.0340.0440.0450.0540.0410.0230.0160.0210.0320.0330.023SEM  

0.0030.0010.0030.0020.0010.0010.0220.0230.0320.0010.005P-values  
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 4 Determination of particle size distribution using Penn State particle separators

Feeds Total mixed rations that contained 
different rice straw  Taroum straw

P-valueSEM
AsgariSangi NeamaatNeda

P-valueSEM
AsgariSangi Neamaat Neda

Alfalfa 
hay

Separator sieves 

Using original Penn State particle separator  

0.00010.2714.0a  13.0b  14.0a  13.0b0.00010.3015.0c  17.0a  15.0c  16.0b  15.0c19 mm  

0.00010.1935.0b  34.0c  36.0a  35.0b  0.00010.2155.0c  54.0d  57.0a  56.0b  35.0e  8 mm  

0.00120.5551.0bc  53.0a  50.0c  52.0b  0.00010.1230.0b  29.0c  28.0d  28.0d  50.0a  pan  

0.00010.037.38a  7.35a  6.21b  6.34b  0.00010.0038.21b  8.45a  8.13d  8.21c  7.80eGM (mm)  

--3.14  3.40  3.22  3.32  --3.54  3.61  3.51  3.33  3.33  SDGM (mm)  

0.03420.280.49  0.47  0.50  0.48  0.00010.2400.70a  0.71a  0.72a  0.72a  0.50b  pef>8
2

0.3441  1.9526.0324.8226.4725.540.00010.082  55.04a55.58a55.53a54.53a 34.04bpeNDF>8
1

Using new Penn State particle separator  
0.00030.2214.0a13.0b12.0c14.0a0.00010.2817.0a13.0d14.0c15.0b15.0b  19 mm  

0.00110.2331.0c33.0b33.0b34.0a0.00010.5754.0b58.0a57.0a55.0b35.0c  8 mm  

0.00340.2637.0b36.0c38.0a37.0b0.00011.9725.0b24.0b25.0b28.0b35.0a  1.18 mm  

0.00030.4318.018.017.015.00.00011.764.0 b5.0b4.0b2.0b15.0a  pan  

0.12390.3217.27  7.30  7.07  7.40  0.06530.9869.28  9.04  9.03  8.85  7.68GM (mm)  

--2.57  2.54  2.51  2.55  --2.42  2.34  2.36  2.39  2.56  SDGM (mm)  

0.07330.250.82  0.82  0.87  0.85  0.00010.510.96b  0.95b  0.96b  0.95b  0.85b  pef>1.18
2

0.06031.65443.5743.3046.0545.220.00540.98774.70a74.11a74.04a72.96a 41.34bpeNDF>1.18
3

1 pef>8= physically effective factor determined as the proportion of DM retained on sieves of the original version of Penn State particle separator (Lammers et al. 1996). 
2 pef>1.18= physically effective factor determined as the proportion of DM retained on sieves of the new version of Penn State particle separator (Kononoff, 2002). 
3 The peNDF was calculated by multiplying NDF content of each portion on each sieve on each pef. 
GM: geometric mean and SDGM: standard deviation of geometric mean. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 5 Ruminally degradability parameters of NDF and NDF fractionation of feeds and total mixed rations that contained four different varieties of rice straws

Item Kd
1  

a2 
(% of 
DM) 

b2 
(% of 
DM) 

a+b2 
(% of 
DM) 

NDF (% 
of DM) 

ADF (% 
of DM) 

ADL (% 
of DM) 

iNDF288
3

(% of DM) 
iNDF288 (% 

of NDF) 
iNDF2.4

4

(% of DM) 
pdNDF4

(% NDF) 
TTDNDF5 

(% of NDF) 

Alfalfa hay 0.076a 21.34a 43.6a 64.94a 48.63b 44.92a 6.76a 23.34b 48b 16.22a 52a 46.54a

Taroum Neda 0.032b 14.61b 34.55b 49.16b 76.8a 40.33c 5.23b 39.94a 52a 12.55b 48b 12.30b

Taroum Neamaat 0.033b 14.21b 35.21b 49.42b 77.13a 41.32bc 4.98b 41.65a 54a 11.95b 46b 12.31b

Taroum Sangi 0.031b 14.33b 33.22b 47.55b 77.2a 42.43b 5.43b 40.92a 53a 13.03b 47b 11.49b

Taroum Asgari 0.033b 13.44b 35.12b 48.56b 78.63a 42.87b 5.13b 40.89a 52a 12.31b 48b 12.85b

SEM 0.008 1.542 2.543 2.432 3.388 0.934 0.51 0.333 0.621 1.306 0.388 0.126
P-values < 0.0001 < 0.0001 0.212 < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.0208 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Total mixed rations that contained four different varieties of rice straw
Taroum Neda 0.038 17.45b 45.34b 62.79b 53.13 34.23 5.65 34.53 65c 13.56 35a 11.53
Taroum Neamaat 0.042 19.55a 46.32a 65.87a 52.8 34.54 5.76 35.38 67b 13.824 33b 12.63
Taroum Sangi 0.0391 18.56a 47.43a 65.99a 52.93 35.12 5.61 34.93 66bc 13.464 34ab 11.68
Taroum Asgari 0.041 19.03a 46.31a 65.34a 53.2 36.32 5.69 36.71 69a 13.656 31c 11.44
SEM 0.008 0.581 0.731 1.271 0.637 2.643 0.947 1.584 0.527 0.688 0.637 0.111
P-values 0.0761 0.0371 0.0471 0.0423 0.9213  0.3291 0.2518 0.4366 < 0.0001 0.6738 0.0021 0.3279

1 pdNDF Kd= potential digestible NDF fraction digestion rate calculate from TTNDFD model. 
2 a, b, and a + b are the soluble, slowly degradable, and potential degradable fraction of NDF in rumen. 
3 The indigestible NDF that determined after 288 h ruminal incubation of samples and the iNDF2.4 was calculated as 2.4 × ADL. 
4 The estimation of potentially digestible NDF (pdNDF=NDF–iNDF; Raffrenato and Van Amburgh, 2010).  
5 TTNDFD= predicted total-tract NDF digestibility using in vitro TTNDFD model. 
NDF: neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin and DM: dry matter. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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The lack of digestibility in the iNDF fraction of forage is 
attributable to the cross-linking between cell wall lignin and 
hemicellulose. Also, a greater iNDF intake limits a rumi-
nant’s ability to consume sufficient forage to meet nutrient 
requirements (Cotanch et al. 2014; Lippke, 1986). The in-
take of forage-based diets by ruminants is often controlled 
by rumen fill and the rate of disappearance. The rate of dis-
appearance is largely influenced by the inherent rate of di-
gestion and passage rate. The indigestible portion is re-
moved from the rumen by passage only and will accumu-
late in the rumen relative to the potentially digestible por-
tion, therefore having a longer rumen retention time 
(Cotanch et al. 2014; Van Soest, 1994; Zali et al. 2015). A 
longer retention time in the rumen results in a lesser intake. 

 

  CONCLUSION 

Chemical composition of four different rice straw had not 
significant differences, except on EE and ash content, but 
there was significant difference among alfalfa and rice 
straws. Rice straw had greater NDF and ash, and lesser 
NFC and CP than alfalfa. Bulk density and WHC of rice 
straws were similar and lesser than alfalfa. Alfalfa hay had 
significantly greater FSG than four varieties of rice straw at 
all incubation times. Rice straw varieties were more physi-
cally effective than alfalfa because they had greater NDF, 
geometric mean, pef>8, pef>1.18, peNDF>8 and peNDF>1.18 
than alfalfa. However, the physical properties especially pef 
were similar. Alfalfa had greater soluble, slowly degrad-
able, potential degradable fraction, and rate of degradability 
for NDF, pdNDF and TTDNDF in the rumen than the four 
rice straws. Also, the slowly degradable, the potential de-
gradable fraction, and rate of degradability for NDF in the 
rumen, content of NDF, ADL, iNDF288, pdNDF and 
TTDNDF of four rice straws were similar. The total mixed 
rations that contained four different varieties of rice straw 
were similar in rate of degradability for NDF in the rumen, 
NDF, ADF, ADL, iNDF288, iNDF2.4 and TTDNDF but the 
ration that contained Taroum Neda had lesser soluble, 
slowly degradable, and potential degradable fraction than 
other rations. In conclusion, for high yielding ruminant the 
ratio of forage to concentrate is decreased to enhancement 
of energy and nutrients content, and for physical effective-
ness, fibre also increased. Under the circumstances, inclu-
sion of rice straw even at low level may be useful to bal-
ance high yielding dairy rations and meeting physical effec-
tiveness. 
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Use of an in vitro Rumen Gas Production Technique 
to Evaluate the Nutritive Value of  Five Forage to 
Concentrate Ratios  

 

 

 

  INTRODUCTION 
 

Researchers have been looking for alternative protein 
sources to replace soybean meal in animal nutrition 
(Volpelli et al. 2010). One of the possible protein sources 
successfully used in the feeding of ruminants and non-
ruminants is faba beans, such as Vicia faba (Moschini et al. 
2005; Volpelli et al. 2010). Despite the fact that faba bean 
is not rich in protein as soybean, it can be considered as a 
“dual purpose” feed, since it has greater starch contents, 
similar to barley (Masoero et al. 2006). Furthermore, the 

use of high levels of raw faba bean has no negative effects 
on palatability and digestibility in sheep (Liponi et al. 
2009). On the other hand, faba bean is planted on 35000 
hectares s in Iran where over 35% of those is located in 
Golestan Province. This makes Golestan the largest pro-
ducer of faba bean in Iran (Sabaghpour, 1995). Due to the 
negative effects of ruminant methane production on the 
global warming, extensive efforts have been made to meas-
ure or/and reduce it (Steinfeld et al. 2006). Several of en-
teric methane production experiments are done measuring 
emission rates from animals in open circuit respirometers 

This study presents the chemical composition and in vitro fermentation of five diets with different forage 
(alfalfa) to concentrate (faba bean) (F:C) ratios, F0:C100, F25:C75, F50:C50, F75:C25, F100:C0 on a dry 
matter (DM) basis. Results indicate that the chemical composition in term of organic matter (OM), ether 
extract (EE), crude protein (CP), acid detergent fiber (ADF), neutral detergent fiber (NDF), neutral deter-
gent insoluble protein (NDIP), acid detergent insoluble protein (ADIP) and total phenols (TPh), tannin (TT) 
and condensed tannin (TCT) were varies among five diets (P<0.05). After an initial gas test to evaluate 96 h 
gas production profiles of diets, the time to half maximal gas production was calculated and a second incu-
bation was conducted with fermentation stopped at substrate specific half-time (t1/2) and 24 h for each sub-
strate. In vitro true DM degradability (ivTDDM), OM degradability (ivOMD) were increased (P<0.01) by 
addition proportions of concentrate in diets. Microbial mass (g/kg DM), metabolizable energy (ME) (MJ/kg 
DM), were greater in diets which those had been higher degradability. The efficiency of microbial produc-
tion (PF) (mg/mL) were calculated for both substrate specific t1/2 and 24 h and was not shown differences 
between experimental diets at 24 h but F100:C0 was lesser (1.17 mg/mL) at substrate specific t1/2 (P<0.01). 
Gas produced from fermentable fraction (B) and the rate of gas production (c) were (P<0.01) greater in 
diets with grater concentrate ratio. Increasing the F:C ratio increased ruminal pH and N ammonia and af-
fected concentrations of short-chain fatty acid (SCFA) (P<0.01). Amount of CH4 emission from 13 to 17.16 
g/kg DM and the great value was related to F100:C0.  
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and in strictly controlled environments (Murray et al. 
1999). In contrast, in vitro techniques can be used, which 
are less expensive and time-consuming than in vivo trials. 
These techniques also allow one to preserve experimental 
conditions more precisely (Menke et al. 1979). The use of 
an in vitro gas technique in evaluating feedstuffs (through 
the measurement of variables like methane, microbial mass 
and short-chain fatty acids (SCFA) is a very effective and 
robust way of estimating energy loss from diets, microbial 
and feed nitrogen supply to ruminants (Anele et al. 2010). 
In the gas technique gases were produced directly as a re-
sult of fermentation containing CO2 and CH4 and the indi-
rect gas produced from the buffering of SCFA (Blu¨mmel 
and Ørskov, 1993).  

The objective of this study was to estimate differences in 
the nutritive value of five forage (alfalfa) to concentrate 
(faba bean) ratios based and to determine how diets differ-
ing in forage to content based on faba bean, would affect in 
vitro true degraded dry matter (DM), degraded organic mat-
ter, methane production, microbial mass, partitioning fac-
tor, short chain fatty acids, pH and N ammonia. 

  

  MATERIALS AND METHODS 
Sample preparations and chemical analyses 
Five diets with different forage (alfalfa) to concentrate 
(faba bean) (F:C) ratios, F0C100, F25C75, F50C50, 
F75C25, F100C0 on a dry matter (DM) basis were ground 
in mills with a 1-mm screen before being analyzed. The 
DM, OM, crude fat (ether extract), crude protein (CP, 
Kjeldahl N×6.25) and ash were determined according to the 
AOAC (2000). Neutral detergent fibre (NDF) and acid de-
tergent fibre (ADF) were determined (Van Soest et al. 
1991), and were corrected for residual acid insoluble ash; 
Neutral detergent fibre was assayed without sodium sulfite 
but with a heat-stable α-amylase due to the high levels of 
starch. Both aNDFom and ADFom were expressed without 
residual ash. Non-fibre carbohydrates (NFC) were calcu-
lated as: NFC=100 - % CP - % Ash - % EE - % NDF, All 
results were expressed on DM basis. Neutral detergent in-
soluble protein (NDIP) and acid detergent insoluble protein 
(ADIP) were measured as explained by Licitra et al. (1996). 
Total phenols and total tannins were determined using col-
orimetric assay with Folin-Ciocalteu phenol reagent accord-
ing to Makkar (2003). Condensed tannins were consecutive 
extracted using the butanol-HCl method (Porter et al. 
1986). 
 
In vitro gas production measurement  
The in vitro gas production measurement was done as de-
scribed by Menke and Steingass (1988).  
 

Rumen fluids were collected prior to feeding from three 
fistulated Dalagh sheep (≈50 kg body weight) fed a stan-
dard diet (500 g grass hay/500 g concentrate). Rumen fluid 
was poured into a prewarmed insulated container, and 
strained through sterile gauze. Then it was mixed well and 
continuous flow of CO2 flushed rumen fluid. The buffered 
mineral solution was added to rumen fluid. The mixture 
was kept stirred under CO2 in a water bath at 39 ˚C. Sam-
ples were weighed and 200 mg (basis DM) was added to 
each syringe. Buffered rumen fluid (30 mL) was dispensed 
into the syringes and those were immediately placed in a 
shaking water bath at 39 ˚C. Cumulative gas volume meas-
urements of samples were read manually from the three 
replicates each at 0, 4, 6, 8, 12, 24, 48, 72 and 96 h of incu-
bation.  

Fermentation syringes without samples (blanks) were in-
cluded to allow correction for gas produced directly from 
rumen fluid. After subtraction of gas production from 
blanks, data were fitted to exponential model Ørskov and 
McDonald (1979) equation: 
 
y= B(1-exp-c×[t - lag]) 
 
Where:  
y: cumulative volume of gas produced at time ‘t’ (h). 
B: asymptotic gas volume.  
c: rate constant.  
lag: time(h) between inoculation and commencement of gas 
production. 
  

Halftime (t1/2) production of the asymptotic gas volume 
(B; mL) was calculated as: 

  
t1/2= (ln2/c) + lag 
 

Using the method of Menke et al. (1979), metabolizable 
energy: 

 
ME in MJ= 2.20 + 0.136 GP + 0.057 CP 
 
And organic matter digestibility: 
 
ivOMD %= 14.88 + 0.889 GP + 0.45 CP + 0.0651 XA 
  
Where:  
GP: total gas volume. 
CP: crude protein.  
XA: ash. 
 

The SCFA production (mmol) was calculated using equa-
tion described by Getachew et al. (2000): 
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SCFA= 0.0239 GP - 0.0601 
 
After ending of incubation at t1/2, 24 h and 96 h, fermen-

tation parameters such as pH and ammonia N of the fluid 
were determined (Hu et al. 2005). 
 
In vitro truly degraded dry matter (ivTDDM)  
In vitro truly degraded dry matter (ivTDDM) was deter-
mined using methods described by Anele et al. (2010). Af-
ter the initial 96 h gas run, substrate specific t1/2 was calcu-
lated and a second incubation of the samples was conducted 
to obtain degradability measures at substrate-specific t1/2 

and 24 h. The incubations were cut off at t1/2 and 24 h and 
the volume of gas was recorded. In order to measure true 
substrate degradability of diets at t1/2 and 24 h, refluxing the 
incubation residue with ND solution for 1 h with subse-
quent recovery of the truly undergirded substrate in dacron 
bags (3 cm×10 cm, 45 µm pore size) (Van Soest et al. 
1991). ivTDDM= feed (DM) incubated − residue (DM) 
recovered in the crucibles/feed (DM) incubated. 

Partitioning factor (PF, a measure of fermentation effi-
ciency) was calculated as: 

 
PF= ivTDDM (mg) / GP24 (mL) 
 

Using the method of Blümmel et al. (1997) the in vitro 
microbial mass production can be calculated as: 

  
Microbial mass (mg)= ivTDDM (mg) - (GP24 (mL)×2.2) 
 
Where:  
2.2: stoichiometrical factor according to the amounts (mg) 
of C, H and O required for production of 1 mmol of SCFA 
and associated 1 mL gas. 
  
Methane measurement 
For the measurement of methane, at the end of incubation 
(t1/2 and 24 h), the clip was carefully unscrewed and 4 mL 
of 10 molar NaOH was introduced through the silicon tube 
into syringes.  

So, CO2 absorbed by the NaOH and piston of syringe 
dipped. The gas volume remaining in the syringe consid-
ered to be CH4 (Demeyer et al. 1988). 
 
Statistical analysis 
Chemical composition and in vitro fermentation data were 
analyzed using the general linear models (GLM) procedure 
of SAS (1999). Data were analyzed within a completely 
randomized experimental design. Treatment means were 
separated using Duncan test at 0.05 and 0.01 probability 
levels. 

 

  RESULTS AND DISCUSSION 
Chemical composition 
As would be expected, there was different in chemical 
composition between five diets (Table 1). Organic matter 
content of faba bean seed (F0C100) were (P<0.05) greater 
than those of other diets. Diet with 75:25 ratio of concen-
trate to forage (F25C75) (P<0.05) greater in crude protein 
content except F50C50. The CP content of F0C100 (26.05) 
was lesser than of F25C75 (30.07). Ether extract varies 
(P<0.05) among diets. There was (P<0.05) differences in 
ADFom content among F0C100 and F100C0. The values of 
NDFom also differ (P<0.05), F0C100 and F25C75 seems to 
have greater values than others. The aNDFom content of 
diets ranged from 32.65% DM (F0C100) to 18.68% DM 
(F100C0), whereas that of ADFom ranged from 16.48% 
DM (F100C0) to 12.43% DM (F0C100). Results indicated 
a t variation in terms of protein fractionation and concentra-
tion addition linearly decreased the protein fractions NDIP 
and ADIP (P˂0.05). Results showed that F0C100 and 
F25C75 have great levels of total phenol (TPh) compounds 
(P˂0.05), 2.92 and 2.76% DM, respectively. After measur-
ing the non-tannin phenols and subtract from total phenols, 
the total tannin (TT) was estimated which the treatments 
F0C100 and F25C75 had the great value and F100C0 had 
the less (P˂0.05). Alfalfa hay (F100C0) had no condensed 
tannin (CT) and faba bean in levels 100% and 75% of diets 
had 0.34 and 0.31% DM. 
 
In vitro gas production measurement  
Gas production profiles of the experimental diets are shown 
in Figure 1, and the parameters of the gas production are 
presented in Table 3. Substrate specific t1/2 was 9.56 h 
(F0C100), 9.06 h (F25C75), 8.76 h (F50C50), 8.52 h 
(F75C25) and 10.86 h (F100C0). The figure was plotted to 
show the trend of the incubation. A comparison of the diets 
showed that first diet (100% faba bean) produced the most 
gas (65 mL/200 mg DM) after 96 h and fifth diet (100% 
alfalfa hay) the least (26.91 mL/200 mg DM).  

The maximum gas volume from fermentable fraction (B) 
was great for F0C100 and F25C75 and greater for F50C50 
(P<0.01) than for F75C725 or F100C0. The maximum rate 
of gas production (c) was great for F50C50 and F75C25 
(P<0.01), followed by F25C75 (P<0.01), and less for 
F0C100 and F100C0 (P<0.01). Hourly rumen ammonia-N 
concentration and pH are shown in Table 2. Reduction 
trend of the rumen ammonia-N levels and rumen pH on all 
the diets continued after t1/2 h to 96 h. Increasing the con-
centrate component in the diet reduced rumen pH by around 
0.3 pH units and caused a small but significant (P˂0.01) 
increasing in SCFA molar.  
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Table 1 Ingredients and nutrient composition (% DM) of diets 

Treatment1 
Item 

F0C100 F25C75 F50C50 F75C25 F100C0 SEM 

Chemical composition, %       

Dry matter (DM) 92.85a 92.72ab 92.29b 92.23b 92.56ab 0.06 

Organic matter (OM) 97.06a 94.31b 92.54cb 90.76cd 88.92d 0.28 

Crude protein (CP) 26.05b 30.07a 28.35ab 19.05c 15.62d 0.40 

Neutral detergent fibre (aNDFom) 32.65a 26.88ab 23.44bc 18.93c 18.68c 0.39 

Acid detergent fibre (ADFom) 12.43c 13.68bc 14.54bc 16.20a 16.48a 0.48 

Ether extract (EE) 1.53b 1.48b 1.72ab 1.79ab 2.2a 0.12 

Non-fibre carbohydrates (NFC) 13.51b 9.19b 10.57b 20.75a 23.65a 0.15 

Neutral detergent insoluble protein (NDIP) 1.48b 1.67b 1.95b 2.13b 3.26a 0.63 

Acid detergent insoluble protein (ADIP) 0.43c 0.80b 1.73a 1.79a 1.66a 0.25 

Total phenols (TPh) 2.92a 2.76ab 2.27b 1.69c 0.87d 0.18 

Total tannins (TT) 1.97a 1.80a 1.48b 0.66c 0.18d 0.30 

Condensed tannins (CT) 0.34a 0.31ab 0.22b 0.14cd 0.00d 0.08 
1 Diets with different forage to concentrate ratio. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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Figure 1 In vitro gas production profiles of the experimental diets, (F0C100 (100% concentrate); F25C75 (75% concentrate, 25% forage); F50C50 
(50% concentrate, 50% forage); F75C25 (25% concentrate, 75% forage) and F100C0 (100% forage)) 
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In this experiment, ammonia concentration in the fer-
menter fluid was increased (P˂0.01) by supplementation 
with concentrate. 

 
In vitro truly degraded dry matter (ivTDDM)  
After 24 h incubation, ivTDDM, ivDOM, microbial mass, 
ME, SCFA, PF of the experimental diets were observed in 
Table 3. Increasing concentrate ratio in the experimental 
diets led to greater ivTDDM and ivDOM coefficient. How-
ever, only F100C0 had significant difference with other 
treatments (P<0.01). Both ivTDDM and ivDOM coeffi-
cients at substrate specific t1/2 followed similar trend ob-
served at 24 h and were lesser in F100C0 (P<0.01). The PF 
values of the diets were calculated for both substrate spe-
cific t1/2 and 24 h and were not shown significant differ-
ences between experimental diets at 24 h but F100C0 was 
grater (2.17 mg/ml) at substrate specific t1/2 (P<0.01). 
 
Methane measurement 
The methane emission factors found in this study are 
showed in Figure 2. The CH4 production from F25C75 (13 
g/kg DM) was lesser (P˂0.01). It was observed that the 
decreasing proportion of concentrate in diets generally pro-
duced more methane. However, F100C0 and F75C25 had 
not significant effect on methane production; also the same 
procedure was observed in three other diets means: 
F0C100, F25C75 and F50C50. 
 
Chemical composition 
In this study, the forage-to-concentrate ratios were F0C100, 
F25C75, F50C50, F75C25 and F100C0, for the alfalfa hay–
faba bean. For F75:C25 and F100C0, the ADFom fraction 
is a large proportion of the NDFom, which indicates high 
content of cellulose, lignin and lesser levels of hemicellu-
lose (Abdulrazak et al. 2000). Cell wall content of feeds is 
related to their organic matter digestibility and their nutri-
tive value (Giger-Reverdin, 1995). Indeed, fibre content 
seems to have reduced fermentability of diets, whose fer-
mentation parameters were consistently the less. Alfalfa 
(F100C0) had the great fibre content (NDFom, 18.68% DM 
and ADFom, 16.48% DM) among the substrates investi-
gated. Utilization of alfalfa could not be limited by its fibre 
content. Tannins intervene in the definition of fibres by 
forming complex with proteins, and thus those are insoluble 
in the detergent solution (Makkar et al. 1995). Results 
demonstrated ivDOM and ivTDDM of diets with a greater 
ratio of forage were lesser. As can be seen in Figure 1, the 
gas production has been minus in these diets. There is a 
close relationship between the extent of potential NDF di-
gestibility and the total volume of gas produced (Huhtanen 
et al. 2008). Archimede et al. (1995) indicated the use of 
concentrate in the ruminant diets causes the maximum utili-

zation of energy, protein and other contents of feeds. The 
grain supplementation may reduce digestibility of forage of 
diet. The amount of this effect depends on the ratio of con-
centrate and its nature. However, a lack of effect of grain 
supplementation on NDF digestibility (Cerrillo et al. 1999) 
or even and increase on fibre digestibility (Molina Alcaide 
et al. 2000) have also been reported. The CP content of faba 
bean was 26.05%; this result is similar to results obtained 
by Volpelli et al. (2010) and Cazzato et al. (2012) who 
found 25.3 and 26.52%, respectively. The CP levels in the 
current study are within the range of 15.62-30.07% DM, 
which is adequate for maintenance and growth require-
ments of ruminants (NRC, 1996). However, optimum utili-
zation of CP in diets is dependent on soluble phenolic com-
pounds, such as tannins (Woodward and Reed, 1989). This 
fact has been reported that faba beans in the diet of non-
ruminant animals depress the apparent digestibility of ni-
trogen compounds (Reddy et al. 1985). This harmful effect 
has been largely ascribed to the presence of condensed tan-
nins in the majority of varieties of faba beans. The con-
densed tannins appear to be one of the most important 
antinutritional factors in faba beans, which it can interact 
and precipitate proteins. Also, the condensed tannins de-
pressing the utilization of dietary protein either by interac-
tion with proteins to form indigestible complexes and by 
formation of tannin-enzyme complexes resulting in an inhi-
bition of digestive enzyme activity by similar processes 
(Ortiz et al. 1993). On the other hand, Makkar et al. (1997) 
suggested that the presence 2-3 percent of condensed tan-
nins in the diet of ruminants can have beneficial effects. 
These useful results may be related to concentration, type 
and structure of tannins. Tannins can reduce proteolysis and 
loss proteins in the rumen. These functions resulted to in-
crease the by-pass protein, efficiency of microbial protein 
synthesis and turn-over of urea.  
 
In vitro gas production measurement  
Gas produced from fermentable fraction (B) was (P<0.05) 
greater in F0C100 may be due to their high content of CP 
and NDF (Khazaal et al. 1993). Therefore the greater val-
ues obtained for the B fraction in F0C100 and F25C75 will 
indicate a better nutrient availability for rumen microorgan-
isms. As it was calculated F0C100 to F75C25 had the 
greater metabolizable energy (ME). The in vitro gas pro-
duction technique has the potential to reflect the in vivo 
digestibility of feeds for ruminants. However, Prasad et al. 
(1994) indicated that the great predictive value for the in 
vivo digestibility of diets was obtained after 45 to 52 h of in 
vitro fermentation. Ruminal micro-organisms fermented 
Non-structural carbohydrates rapidly, both ruminal pH de-
cline and also ruminal volatile fatty acids (VFA) patterns 
changed (Kalscheur et al. 1997).  

96 Animal Sciences: Biology, Health and Rearing

__________________________ WORLD TECHNOLOGIES __________________________



WT

  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 Effect of different concentration to forage ratio on parameters of gas production (defined by the equation: y= B(1−exp−c×[t − lag])), cumula-
tive gas volume (mL/200 mg DM), ammonia N (mg/L) and pH 

Parameters of 

gas production 

Cumulative gas volume 

(mL/200 mg DM) 

Ammonia N  

(mg/L) 
pH 

Treatment1 

B2 c3 t1/2 24 h 96 h t1/2 24 h 96 h t1/2 24 h 96 h 

F0C100 64.27a 0.072c 30.34a 55.33a 65.58a 101.4c 97.0c 85.9c 6.41c 6.38b 6.32b 

F25C75 57.01ab 0.076b 27.67a 48.33a 60.25ab 111.5c 108.4c 102.7b 6.52b 6.50ab 6.48ab 

F50C50 51.94b 0.079ab 24.29a 46.33a 52.25bc 153·6b 147·1b 138·5ab 6.53b 6.50ab 6.50a 

F75C25 43.38c 0.081a 20.26a 39.67ab 44.58c 164·7ab 161·5a 149·4ab 6.65a 6.60a 6.56a 

F100C0 26.73d 0.073c 12.77b 22.67b 26.91d 177·3a 173·8a 165·3a 6.70a 6.66a 6.62a 

SEM 2.26 0.0012 2.17 2.80 1.78 4.71 4.16 3.63 0.28 0.46 0.34 
1 Diets with different forage to concentrate ratio. 
2 Gas produced from fermentable fraction (mL). 
3 Rate constant of gas production during incubation (mL h-1). 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 3 In vitro truly degraded dry matter (ivTDDM); degraded organic matter (ivDOM) coefficient, microbial protein; efficiency of microbial produc-
tion (PF) of the experimental diets 

Treatment1 
Item 

F0C100 F25C75 F50C50 F75C25 F100C0 SEM 

Twenty-four hour (24 h)       

ivTDDM 0.683a 0.566ab 0.511ab 0.466ab 0.328b 0.02 

ivDOM 75.99a 69.97a 71.09a 59.32ab 42.78b 0.40 

Microbial mass (g/kg DM) 561.59a 464.73ab 405.33ab 379.39ab 278.46b 0.39 

Metabolizable energy (ME) (MJ/kg DM) 11.21a 10.39a 10.21a 8.68ab 6.17b 0.37 

Short-chain fatty acids (SCFA) (μM) 1.22a 1.02ab 1.06ab 0.87ab 0.49b 0.06 

Efficiency of microbial production (PF) (mg/mL) 1.26a 1.43a 1.07a 1.20a 1.47a 0.13 

Half life (t1/2)       

ivTDDM 0.558a 0.461ab 0.399abc 0.371bc 0.277c 0.08 

ivDOM 53.77a 53.38a 49.71ab 42.06b 33.98c 0.33 

Microbial mass (g/kg DM) 491.56a 400.79ab 345.72b 327.09bc 249.22c 0.41 

Metabolizable energy (ME) (MJ/kg DM) 7.81a 7.67a 7.11ab 6.04ab 4.82b 0.26 

Short-chain fatty acids (SCFA) (μM) 0.66a 0.61a 0.53b 0.44b 0.27c 0.11 

Efficiency of microbial production (PF) (mg/mL) 1.82b 1.66b 1.64b 1.83b 2.17a 0.20 
1 Diets with different forage to concentrate ratio. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Figure 2 In vitro methane production profiles of the experimental diets (with different forage to concentrate ratio)
a, c and c: Means with no common superscript differ significantly (P˂0.05) 
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When the concentrate in the diet increases, the size of the 
rumen pH decline is highly variable. In the present study, 
pH value decreased by increasing percentage of concen-
trate. However, this reduction was small and pH never went 
below 6.0. In some of the recent research works, it was re-
ported that the reduction of rumen pH below 6·0 occurs 
when feeding a high proportion (70%) of concentrate in the 
diet (Carro et al. 2000). In contrast, Khorasani et al. (2001) 
and Ueda et al. (2003) indicated that the feeding of concen-
trate resulted in small drops of between 0 and 0·2 pH units. 
But in the own study used faba bean as its major dietary 
source, which its rapid fermentation pattern was similar to 
barley (Masoero et al. 2006). In some studies (Loor et al. 
2003; Sackmann et al. 2003) where barley contributed as a 
major dietary supply of starch, it was shown to result in a 
greater decline in rumen pH. This small change in ruminal 
pH in the present study may be due to differences in the 
proportion of concentrate in the diet. Other factors which 
may explain this anomaly may include buffering capacity 
of the feeds, hence buffering capacity of the rumen, ruminal 
fluid sample (Lee et al. 2006). On the other, this small 
change in ruminal pH probably led to a lesser ruminal cel-
lulolytic activity and as a result a small shift occurred in 
SCFA molar proportions (Ueda et al. 2003). In this study, 
incremental increase in concentrate led to a reduction in 
rumen ammonia concentration. Lee et al. (2006) demon-
strated the feeding of readily available energy sources has 
decreased rumen ammonia concentrations. This reduction 
could be explained by a greater utilization of ammonia by 
the micro-organisms as a readily available energy source 
(Lee et al. 2003); or by reductions in the use of amino acids 
as an energy source by micro-organisms (Nocek and Rus-
sell, 1988). Optimization of microbial yield in the rumen 
depends largely on the availability of carbohydrates and 
nitrogen (N) in the rumen (Shabi et al. 1998). 
 
In vitro truly degraded dry matter (ivTDDM)  
Decreasing forage to concentrate ratio in the experimental 
diets led to greater ivTDDM and ivDOM coefficient but the 
greater ivTDDM and ivDOM were caused to greater micro-
bial mass. The PF value for diets with more proportion of 
concentrate were lesser than F100C0 and this reason was 
supported the microbial mass production of those diets 
(Anele et al. 2010). In the ruminant nutrition to improve 
microbial efficiency, feed conversion into microbial bio-
mass should be maximized because high microbial effi-
ciency improves microbial protein supply to the small intes-
tine and, proportionally, reduces fermentative gaseous car-
bon losses (Beever, 1993). The tannin content of faba bean 
in the concentrate section of experimental diets corrobo-
rated these results. Observations were showed that F0C100 
and F25C75 had greater levels of TPh, TT and CT, but ac-

cording to results of Makkar et al. (1997) amount of CT 
was low and seems it cannot influence on ivDOM and 
ivTDDM, but can have beneficial effects including tannins 
bind proteins to reduce loss proteins in the rumen. As pre-
viously mentioned this function can increase the by-pass 
protein. On the other hand, the gas volumes at all times of 
incubation increased with increasing proportions of concen-
trate to forage ratio in the mixtures and as Hess et al. (2006) 
had expressed the degradation of OM, NDF, ADF increased 
with legume containing tannin.  
 
Methane measurement 
Previous studies indicated, the optimum pH for methane 
production is 7.0-7.2, but the gas production can occur in 
the pH range of 6.6-7.6. However, beyond this range, the 
activity of fiber degraders reduces (Arglyle and Baldwin 
1988; Dijkstra et al. 1992). Forage: concentrate ratio also 
influences the acetate: propionate ratio and methane emis-
sion decreases drastically from 6-12% (forage-based diet) 
to 2-3% when diet with the 90% concentrate predominates 
(Johnson and Johnson 1995).  

Whitelaw et al. (1984) obtained same results and sug-
gested that the feeding of a high concentrate: low roughage 
diet produce less methane as compared to low concentrate: 
high roughage diet. Benchaar et al. (2001) reported a de-
crease in the methane emission with inclusion legumes in 
the diet of ruminants. This lesser methane emission can be 
attributed to lesser portion of carbohydrates, faster passage 
rate, hence, shifting the fermentation pattern towards 
greater propionate production (Johnson and Johnson, 1995). 
Also, there are some indications that tannins in the diet re-
duce ruminal methane production (Waghorn et al. 2002). 
Tannins decrease the degradation of nutrients in the rumen 
which then may be degraded in the hindgut. This could 
have contributed to a lesser methane emission because 
hindgut fermentation resulted in a lesser methane produc-
tion per unit of fermented nutrients. 

 

  CONCLUSION 

Although the faba bean contains tannins, the results of the 
chemical composition and in vitro degradability study 
showed the rumen microbes can be effectively utilized to it 
and will supply the requirements of energy and amino acids 
to the ruminants. It was concluded that there were signifi-
cant variations in chemical composition and gas production 
characteristics of five F:C ratios in this study. The results 
indicated that the addition of concentrate in diets increased 
nutritive value and limited the methane emission. If total 
condensed tannin was lesser than 2-3% DM, it cannot affect 
cumulative gas production and estimated parameters of 
feed. 
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Growth Performance of Blackhead Pleven Lambs 
during the Suckling Period 

 

  INTRODUCTION 
The growth of animals is directly related to morphological 
and physiological changes of the organism. Some parame-
ters as live weight, body length, and chest perimeter are 
used to evaluate the intensity of growth in young animals. 
Kadlečík and Kasarda (2007) outlined that growth is a 
process accompanied by changes in the weight and body 
size of animals, hence these are two processes occurring in 
the organism which determine the concept of development. 
Brown et al. (1973) noted that body measurements served 
to determine the growth rate and feed conversion by ani-
mals. Growth usually defined as the increase in size or live 
weight at a given age is one of the important selection crite-
ria for improvement of lamb production (Afolayan et al. 
2006). Linear body measurements taken on live animals 
have been widely used in research work as a simple means 

of recording certain aspect of animal growth and shape 
(Salako, 2006; Alphonsus et al. 2010). Linear measurement 
can be used in assessing growth rate, weight, feed utiliza-
tion and carcass characteristic, for tracing the relationship 
between production performance, visual appraisal and body 
measurements (Fourie et al. 2002). 

The live weight is a parameter of growth performance of 
lambs from all production types. In Blackhead Pleven 
lambs, Savov (1948) reported that females are born with 
higher live weight than males. The study of Ivanova and 
Raicheva (2009) shows that over the years the team on this 
indicator has not stopped to water and male lambs are born 
with a higher live weight than females. 

The gender and birth type have a substantial effect on 
live body weight. According to Abbas et al. (2010), the 
gender is the cause for males being heavier than females at 
all ages in the course of skeletal development. Higher live 

The aim of the present study was to analyze the live weight, body length, and chest perimeter in Blackhead 
Pleven lambs at an early age with a view to their future use as prognostic indicators of growth performance. 
The study was conducted with 46 lambs. It found out that at birth and weaning the singletons had higher 
live weight and higher average daily weight gain in comparison with the twins (P<0.01). Body length and 
chest perimeter at birth were higher in the singletons lambs (P<0.01). The type of birth influenced signifi-
cantly (P<0.01) on the live weight (η2=26.85%), live weight (η2=21.39%) and the chest perimeter 
(η2=27.08%) of the lambs at birth. At 26 days of age i.e. at weaning, only the live weight was influenced by 
the birth type (η2=27.53%, P<0.01). The chest perimeter of lambs at weaning was not influenced by the 
body length at birth and at weaning. There was a moderate to strong phenotypic correlation among the other 
studied parameters. 
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body weight of male lambs is outlined by El-Toum (2005) 
and Kumar et al. (2008), and in the view of Macit et al. 
(2002) could be attributed to the higher average daily 
weight gain. 

The type of birth has a significantly influence on the live 
weight compared to the sex of animals (Idris et al. 2010). 
According to Klewies et al. (2002); Idris et al. (2010), re-
gardless of the breed, lambs born as singletons are heavier 
than twins both at birth and after that, by reason of the lack 
of competition during the suckling period (Klewies et al. 
2002; Idris et al. 2010). 

Vuchkov and Dimov (2008) outlined that the gender, the 
birth type, production year and the herd are factors influ-
encing statistically significantly the weight at birth and at 
30 and 60 days of age. 

Exterior measurements (body length and chest perimeter) 
are directly related to body weight and growth intensity. 
Philips et al. (2002) reported that male lambs weaned at 60 
days of age not only attain higher liver weight at the end of 
an 86-day experimental period but also exhibited statisti-
cally significantly higher body length, chest perimeter 
(P<0.05) and body height (P<0.01) than females. Koritiaki 
et al. (2013) did not observe considerable differences at 
birth and at weaning (70 days of age) in body height and 
length between the genders, but with respect to birth type, 
differences were substantially smaller in male lambs. 

The aim of the present study was to analyze the live 
weight, body length and chest perimeter in Blackhead 
Pleven lambs at an early age with a view to their future use 
as prognostic indicators of growth performance.  

 

  MATERIALS AND METHODS 
To fulfill the study’s aim, the growth performance of 46 
early weaned lambs from the Blackhead Pleven breed was 
monitored at the Institute of Forage Crops, Pleven in 2010. 
The lambs were born during January with an age difference 
of 5 days.  

The lambs were weaned at 26 days of age at average live 
weight of 11.080 kg. After the 6th day of age, lambs were 
allowed creep feeding (Alcock, 2006), i.e. free access to 
pelleted protein concentrate, pea hay and water. 

For monitoring of growth intensity from birth to weaning 
the each 7 days to weaning was determined body weight, 
body length and chest. The body weight was determined 
with electronic balance, and body length and chest perime-
ter with a measuring tape.  

The body length was measured from the anterior point of 
the scapulohumeral joint to the root of the tail, and chest 
perimeter was measured just behind the shoulder blade. The 
correlation among the traits was calculated by means of 
Pearson’s analysis and the power of factors (η2) on studied 
traits was determined by analysis of variance using Statis-

tica for windows software (Statistica, 2006). The signifi-
cance of between-group differences was calculated by the t-
test at (P<0.05) and (P<0.01) levels. 
 

  RESULTS AND DISCUSSION 
During the study period, male lambs had a higher liver 
weight than females although the gender differences in 
weights at birth and at weaning were insignificant (Table 
1). Idris et al. (2010) reported that in Sudan, female lambs 
were born with lower live weight as compared to males 
(P<0.05), but after the first week of life females were supe-
rior to males with regard to this parameter (P<0.05). This 
disagrees with the studies of Vuchkov and Dimov (2008) in 
White Maritsa lambs. The obtained coefficients of variation 
indicated that the possibility for large-scale selection for 
live weight at birth would have a positive impact on the 
herd (Table 1). At birth and at weaning (26 days of age), 
male lambs had a body length which was insignificantly 
higher than that of females by 1.06 cm and 3.93 cm respec-
tively (P>0.05, Table 1). During the study period, the body 
length in male lambs increased by 27.9% from birth to 
weaning, while that of females only by 21.1%.  

At weaning, chest perimeter of male lambs increased by 
15.78 cm (37.9%) as compared to the perimeter at birth. For 
the same period, the chest perimeter of female lambs in-
creased by 13.35 cm (33.1%). As gender was concerned, 
the chest perimeter of males was by 1.4 cm higher on the 
average than that of females. At weaning, the average dif-
ference was already 3.83 cm, but differences were not sta-
tistically significant (P>0.05, Table 1). 

The measurement of exterior traits (body length and 
chest perimeter) demonstrated high coefficient of variation 
at weaning, which was characteristic for the growth and 
development of lambs during the suckling period (Table 1). 
At birth, male lambs had insignificantly higher compact-
ness index; this advantage at weaning was in favour of fe-
males, although not statistically significant (P>0.05, Table 
1). 

Singletons are born heavier than twins by 19.4% (P<0.05, 
Table 2). This benefit was preserved also at weaning when 
the difference of 25.3% was statistically significant at 
(P<0.05). These results are not compatible with data re-
ported by Sava et al. (2011) in Tigaia lambs, in which the 
insignificantly higher body weight by 28 and 90 days of age 
was in favour of twins. Rajab et al. (1992) indicated that 
twin lambs were born with lower live weight than single-
tons due to the limited space in the uterus during the preg-
nancy and the delivery of fewer nutrients from the dam to 
the fetuses during the embryonic life. At weaning, single-
tons exhibited higher average daily weight gain by 39.6% 
than twins (P<0.05, Table 2), due to the lack of competition 
during the suckling period (Rajab et al. 1992).  
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The coefficients of variation at birth and weaning were 

lower in twins while higher for singletons. The amount and 
quality of dam’s milk could also influence the weight gain 
of lambs. This is supported by the study of Hrouz and Šubrt 
(2007) proving that during the suckling period, the growth 
intensity depended on the amount and quality of milk pro-
tein. At birth, the body length was statistically significantly 
higher in singletons vs. twins by 3.99 cm (P<0.05, Table 2). 
At weaning, singletons preserve their superiority with re-
spect to the analyzed trait and the difference attained 5.95 
cm (P<0.05). During the experimental period, body length 
of singletons increased by 25.8%, vs. 23.3% in twins (Table 
2). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Influence of gender on the growth 
Gender of the lamb 

Indicators  Male (n=23) Female (n=23) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
At birth, Singleton lambs had a chest perimeter greater 

by 3.25 cm than twins at the background of a relatively low 
coefficient of variation (P<0.05, Table 2).  

At weaning, the difference in chest perimeters between 
both birth types attained 4.92 cm in favour of Singletons 
(P<0.05). It was established that during the period of the 
study, the chest perimeter of singleton lambs increased by 
15.48 cm (36.2%) while of twins by 13.81 cm (35.0%, Ta-
ble 2). 

Comparing the growth performance of singleton and twin 
lambs, there was a strong correlation at weaning indicative 
for the amount and quality of suckled milk during the pre-
weaning period (Table 2). 

 

(Mean±SE) C (Mean±SE) C 
P-value 

Live weight, kg  
At birth 5.017±0.176 16.84 4.594±0.208 21.71 NS 

At weaning 11.035±0.675 29.33 10.499±0.575 26.27 NS 

Gain  0.231±0.021 43.36 0.227±0.013 27.92 NS 

Body length, cm 
At birth 39.01±0.723 8.88 37.95±1.044 13.19 NS 

At weaning 49.88±2.468 23.73 45.95±2.080 21.71 NS 

Chest perimeter, cm 
At birth 41.67±0.609 7.01 40.27±0.634 7.55 NS 

At weaning 57.45±2.841 23.72 53.62±2.369 21.19 NS 

Compactness index 
At birth 107.01±1.104 4.94 106.91±1.595 7.15 NS 

At weaning 115.27±0.959 3.99 116.84±0.713 2.93 NS 
 * (P<0.05).  

n: number of animals.  
NS: non significant.  
SE: standard error.  
C: coefficient of variation. 

Table 2 Influence of birth type on the growth 

Birth type 

Indicators Single (n=21) Twins (n=25) 

(Mean±SE) C (Mean±SE) C 
P-value 

Live weight, kg 
At birth 5.394±0.224 19.22 4.349±0.109 12.53 * 

At weaning 12.485±0.703 25.80 9.324±0.364 19.53 * 

Gain  0.273±0.019 31.96 0.165±0.015 30.87 * 

Body length, cm 
At birth 40.65±1.004  11.31 36.66±0.610 8.32 * 

At weaning 51.15±2.297 26.23 45.20±1.554 17.19 * 

Chest perimeter, cm 
At birth 42.73±0.672 7.21 39.48±0.415 5.25 * 

At weaning 58.21±3.385 26.65 53.29±1.828 17.15 * 

Compactness index  
At birth 105.73±1.528 6.62 108.07±1.198 5.54 NS 

At weaning 113.75±0.760 3.06 117.99±0.711 3.01 * 
 * (P<0.05).  

n: number of animals.  
NS: non significant.  
SE: standard error.  
C: coefficient of variation. 
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The performed analysis of variance (Table 3) showed 
that the greatest share of the total variance was that of the 
birth type, which influenced significantly (P<0.01) the live 
weight (η2=26.85%), the body length (η2=21.39%) and the 
chest perimeter (η2=27.08%) at birth.  

The gender of lambs, and gender × birth type were fac-
tors with relatively low shares of the total variance with 
statistically insignificant differences (Table 3). At 26 days 
of age i.e. at weaning, only the live weight was influenced 
by the birth type (η2=27.53%, P<0.01), while none of the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  CONCLUSION 

At birth and at weaning, singleton lambs had a higher body 
weight and higher average daily weight gain as compared to 
twins. The body length and the chest perimeter at birth were 
greater in singletons and statistically significantly lower for 
twin lambs. The birth type was a factor with statistically 
significant effect on live body weight (η2=26.85%), body 
length (η2=21.39%) and chest perimeter (η2=27.08%) of 
lambs at birth. The chest perimeter of lambs at weaning was 
not influenced by the body length at birth and at weaning. 
There was a moderate to strong phenotypic correlation 
among the other studied parameters. 

other studied traits had a substantial effect on the growth 
performance of animals (Table 3). The analysis of the re-
peatability and phenotypic correlations between the studied 
traits showed that the chest perimeter at weaning was not 
influenced by the body length at birth and at weaning. 
There was a moderate to strong relationship among the 
other studied parameters (Table 4).  

Behzadi et al. (2007), stated that phenotypic correlations 
between various stages of body development in Kermani 
sheep were positive. 
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Characteristics Determination of Rheb Gene and 
Protein in Raini Cashmere Goat  

 

  INTRODUCTION 
Goat production is one of the key elements contributing to 
the economy of farmers living in the arid and semi-arid 
regions including most areas of Iran (Mohammad Abadi et 
al. 2009). Raini goat is one of the most important Iranian 
native goats that spread in the southeast of Iran where these 
animals are kept for both meat and cashmere production. It 
has long white, black, or yellow hair and the mean weight 
of the fleece produced is 400 g ranging from 130 to 1,100 g 
per head (Moghbeli et al. 2013). Mean body weight at 12 
months for male and female is 18.7 ± 0.04 and 15.5 ± 0.04 
respectively (Hasani et al. 2010).  

However, these economic characters are quantitative in 
nature, being under the control of several genes plus the 
environment (Askari et al. 2011). Rheb (Ras homolog en-
riched in brain) gene belongs to Ras family that encodes a 
carboxyl terminal CAAX box indicating that the protein 
may undergo post-translational farnesylation. Ras homolog 
enriched in brain (Rheb) is a key regulator of the 
mammalian target of rapamycin (mTOR) complex 1 
(mTORC1) signaling pathway (Dunlop et al. 2009). Rheb 
is a member of the Ras superfamily GTPases and shares the 
highest homology with Ras and Rap and originally 
identified as immediate early gene (IEG) in 1994, encoding 
184 amino acids with a deduced molecular mass of 20497 

The aim of the present study was to determine characteristics of Rheb gene and protein in Raini Cashmere 
goat. Comparative analyses of the nucleotide sequences were performed. Open reading frames (ORFs), 
theoretical molecular weights of deduced polypeptides, the protein isoelectric point, protein characteristics 
and three-dimensional structures was predicted using online standard softwares. The full cDNA nucleotide 
sequence shares 99%, 99%, 99% and 94% identity with Inner Mongolia Cashmere goat, cattle, horse and 
human, respectively. The deduced Rheb protein of Raini Cashmere goat consist of 184 amino acid residues 
and its predicted molecular weight was 20478 g/mol for the unmodified protein and the estimated isoelec-
tric point (pI) was 5.59. Results showed that Rheb has a RAS domain starting at the amino acid 4 and end-
ing at the amino acid 170. In conclusion, our data shows the Rheb cDNA is 555 bp in length, including a 
complete ORF corresponding to a polypeptide of 184 amino acids. Our results in Raini Cashmere goat 
showed that there are 1 N-glycosylation sites, 3 protein kinase C phosphorylation sites, 2 casein kinase II 
phosphorylation sites, 4 microbodies C-terminal targeting signals, 2 ATP/GTP binding sites motif A (P-
loop) and a prenyl group binding site for predicted Psites of Rheb. Raini Cashmere goat Rheb protein also 
had an interaction with other predicted proteins. Hence, can suggest that Rheb has probably role in goat 
cells and must detect in future investigations.  

KEY WORDS  base sequence, goat, interaction, isoelectric point. 
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Da in hippocampus (Yamagata et al. 1994) The Rheb gene 
is highly conserved in eukaryotes from yeast to mammals 
(Patel et al. 2003). Genetic studies of fly and fission yeast 
indicate that Rheb plays an important role in the stimulation 
of cell growth and regulation of G0/G1 cell cycle 
progression (Yang et al. 2001).  

The growth arrest phenotype caused by Rheb mutation in 
Schizosaccharomyces pombe can be complemented by 
human Rheb (Yang et al. 2001), suggesting the 
conservation of Rheb function from yeast to human. The 
precise physiological functions of Rheb were unknown in 
high eukaryotes until recently. Both genetic studies in 
Drosophila melanogaster and biochemical studies in 
mammalian cells have shown that Rheb is involved in 
signal transduction pathways that regulate cell growth (Tee 
et al. 2003). Homozygous inactivation of Rheb is lethal, 
while mosaic analyses of Rheb mutant cells in Drosophila 
show that the inactivation of Rheb decreases cell size. In 
contrast, overexpression of Rheb increases cell size (Yang 
et al. 2001). Genetic epistatic analysis demonstrates that 
Rheb functions between TSC1-TSC2 and TOR.  

The evidences show that Rheb regulates mTOR through 
direct binding of Rheb-GTP to mTOR to promote 
activation of mTOR (Long et al. 2005). Other study 
demonstrated that FKBP38 can bind to mTOR to inhibit its 
activity and Rheb-GTP interacts directly with FKBP38 to 
prevent FKBP38 associating with mTOR (Ma et al. 2008). 

However, comprehensive biochemical characterization of 
the Rheb/FKBP38 interaction using three different in vitro 
assays has not detected an interaction between Rheb and 
FKBP38. Therefore, the mechanism of the interaction 
between Rheb and FKBP38 is still under debate and needs 
to be further characterized. Although the Rheb gene has 
been identified in mice (NM_053075) and humans 
(NM_005614), its physiological function has not been fully 
investigated and remains to be clearly defined. In farm 
animals, (Zheng et al. 2011) studied Rheb cDNA in Inner 
Mongolia Cashmere goat and showed that it has 555 bp in 
length, including a complete ORF corresponding to a 
polypeptide of 184 amino acids. Rheb gene was expressed 
in all the tested tissues; the highest level of mRNA 
accumulation is detected in brain tissue. 

Furthermore, it has demonstrated that molecular studies 
are important in farm animals breeding (Javanmard et al. 
2008; Mohammadabadi et al. 2010; Mohammadi et al. 
2009; Ruzina et al. 2010).  

So far, no study concerning the characterization of Rheb 
gene in Iranian farm animals, especially in Raini Cashmere 
goat has been published. Hence the aim of the present study 
was to determine for the first time characteristics of Rheb 
gene and protein in Raini Cashmere goat and compare with 
other species.  

  MATERIALS AND METHODS 
Tissues including brain, heart, lung, pancreatic, spleen, kid-
ney, liver and testis were collected from the Raini Cashmir 
goat after slaughter (3 repeats from any tissue). Extracted 
RNA were immediately stored at -80 ˚C. Quality and 
quantity of RNA were evaluated and cDNA was 
synthesized and PCR was performed. PCR Products were 
electrophoresed on 1.5% agarose gel and were evaluated 
different levels of expression in studied different tissues 
using SPSS (2011) software at (P<0.01) (Tohidi nezhad et 
al. 2015). The PCR products of Rheb gene from Raini 
Cashmere goat were sequenced. Comparative analyses of 
the nucleotide sequences were performed online at National 
Center for Biotechnology Information (NCBI). Predictions 
of theoretical molecular weights of deduced polypeptides 
were made by the protein property calculator (Kyte and 
Doolittle, 1982). Input data for this software was peptide 
sequences and outputs were predicted molecular weight, 
extinction coefficient and approximate volume. The protein 
isoelectric point was predicted by the calculation of protein 
isoelectric point (Kozlowski, 2016), in which was added 
amino acids sequence and was received estimated isoelec-
tric point (pI). The domain of Raini Cashmere goat Rheb 
protein predicted with SMART software (Schultz et al. 
1998; Letunic et al. 2015) and the switch I region and the 
switch II region were predicted with NCBI CDD program 
(Marchler-Bauer et al. 2011).  

Input data for these softwares was protein sequence and 
outputs were basic amino composition, total number of 
negatively and positively charged residues, its domain start-
ing and ending at what amino acid and indicate switch re-
gions. Prediction of protein characteristics and three-
dimensional structures provided by Molecular Bioinformat-
ics Center of National Chiao Tung University (Chen et al. 
2006; Chen et al. 2009) in which was added the query se-
quence in FASTA format and was received three-
dimensional structure of Rheb for Raini Cashmere goat and 
its sites. The STRING program used for representing pre-
dicted protein interactions (Szklarczyk et al. 2015). Input 
data for this software was protein name and organism and 
outputs were interaction with other predicted proteins and 
description of predicted functional partners.  

 

  RESULTS AND DISCUSSION 
The deduced Rheb protein of Raini Cashmere goat consist 
of 184 amino acid residues and its predicted molecular 
weight was 20478 g/mol for the unmodified protein and the 
estimated isoelectric point (pI) was 5.59. Extinction coeffi-
cient and approximate volumes were 16050 cm-1m-1 and 
24778 A3 respectively.  
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The basic amino composition is given in Table 1 and the 
total number of negatively charged residues (Asp+Glu) and 
the total number of positively charged residues (Arg+Lys) 
were 22 and 19 respectively. Rheb has a RAS domain start-
ing at the amino acid 4 and ending at the amino acid 170, 
including a switch I region from amino acid 36 to 43 and a 
switch II region from amino acid 62 to amino acid 80 (Fig-
ure 1). Protein characteristics and three-dimensional struc-
tures of Rheb for Raini Cashmere goat are shown in Figure 
2. Our results in Raini Cashmere goat (Figure 2) showed 
that there are 1 N-glycosylation sites, 3 protein kinase C 
phosphorylation sites, 2 casein kinase II phosphorylation 
sites (SAKE and TAVD), 4 microbodies C-terminal target-
ing signals, 2 ATP/GTP binding sites motif A (P-loop) and 
a prenyl group binding site (CAAX box) for predicted 
Psites of Rheb. Raini Cashmere goat Rheb interaction with 
other predicted proteins and description of predicted func-
tional partners using the STRING program is given in Fig-
ure 3. The most interaction exists functionally between 
Rheb and tuberous sclerosis complex 2 (TSC2), mammal-
ian target of rapamycin (mTOR) and tuberous sclerosis 
complex 1 (TSC1) respectively and the least was seen be-
tween Rheb and protein kinase B1 substrate 1 (AKT1S1) 
and elongation initiation factor 4E (EIF4E). Zheng et al. 
(2011) for Inner Mongolia Cashmere goat also achieved 
that protein consist of 184 amino acid residues and its pre-
dicted molecular weight is 20358 Da for the unmodified 
protein and the estimated isoelectric point (pI) is 6.27. The 
basic amino acids comprise 10.3% Ser, 9.2% Ile, 9.2% Val, 
7.6% Lys and 7.6% Leu that confirmed results in this study. 
Protein characteristics and three-dimensional structures of 
Rheb for Raini Cashmere goat are same as results of Zheng  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

et al. (2011) for Inner Mongolia Cashmere goat. Three-
dimensional structures of Rheb for Raini Cashmere goat 
(Figure 3) is very similar to the structure of Mus musculus 
Rheb presented by Mazhab-Jafari et al. (2012).  

Mazhab-Jafari et al. (2012) proposed that whereas pro-
viding an Asn thumb as a means of accelerating catalysis, 
TSC2GAP may also stimulate the GTPase activity of Rheb 
by relieving autoinhibition and aligning Rheb’s catalytic 
machinery.  

Interaction of TSC2 with Rheb switch I may disrupt the 
electrostatic contact between Tyr35 and the g-phosphate, 
reducing the autoinhibitory effect of this residue on GTP 
hydrolysis, explaining the functional and thermodynamic 
similarities between WT Rheb in the presence of the 
TSC2GAP and the Rheb Y35A mutant alone (Mazhab-
Jafari et al. 2012) that confirmed results in this study. TSC1 
and TSC2 form a dimeric complex that has tumor suppres-
sor activity and TSC2 is a GTPase activating protein (GAP) 
for Rheb. The TSC1/TSC2 complex inhibits the activation 
of TOR kinase through Rheb. Rheb has also been shown to 
induce the formation of large cytoplasmic vacuoles in a 
process that is dependent on the GTPase cycle of Rheb, but 
independent of the target of rapamycin (TOR) kinase, sug-
gesting Rheb plays a role in endocytic trafficking that leads 
to cell growth and cell-cycle progression. Most Ras proteins 
contain a lipid modification site at the C-terminus, with a 
typical sequence motif CaaX, where a, indicates an ali-
phatic amino acid and X, indicates any amino acid. Lipid 
binding is essential for membrane attachment, a key feature 
of most Ras proteins. The 15 amino acid in Ras protein is 
glycine instead of arginine in goat Rheb amino acid se-
quence.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Amino acid composition of Rheb gene in Raini Cashmere goat 
Amino acid full name Amino acid name with 3 letters Amino acid name with 1 letter Number % 
Alanine Ala A 11 5.9 
Arginine Arg R 5 2.7 
Asparagine Asn N 6 3.2 
Aspartic acid Asp D 9 4.9 
Cysteine Cys C 1 0.5 
Glutamine Gln Q 10 5.4 
Glutamic acid Glu E 13 7.1 
Glycine Gly G 12 6.5 
Histidine His H 3 1.6 
Isoleucine Ile I 18 9.7 
Leucine Leu L 13 7.1 
Lysine Lys K 14 7.6 
Methionine Met M 5 2.7 
Phenylalanine Phe F 7 3.8 
Proline Pro P 4 2.1 
Serine Ser S 19 10.3 
Threonine Thr T 9 4.9 
Tryptophan Trp W 1 0.5 
Tyrosine Tyr Y 8 4.3 
Valine Val V 16 8.6 
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Figure 1 The predicted domain of Raini Cashmere goat Rheb protein (the RAS domain ranges from amino acid 4 to 170, including a switch region I 
starting from the amino acid 36 to the amino acid 43 and a switch region II from amino acid 61 to 80) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Protein characteristics and three-dimensional structures of Rheb for Raini Cashmere goat

NA  indicates N-glycosylation sites; SK  indicates protein kinase C phosphorylation sites; underline indicates casein kinase II phosphorylation 

sites; blacked shadows indicate microbodies C-terminal targeting signals; GS  indicates ATP/GTP binding sites motif A (P-loop) and SVM  

indicates a prenyl group binding site (CAAX box) for predicted Psites 
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Figure 3 Raini Cashmere goat Rheb interaction with other predicted proteins and description of predicted functional partners using the STRING 
program  
Different line colors represent the types of evidence for the association  
Line thickness relates to combined score  
Colors describe the type of evidence 
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The replacement leads to lower basal GTPase activity in 
Rheb than that of Ras and result in a higher GTP level, 
which is required for S6K1 phosphorylation via mTOR 
because the Rheb is an upstream regulator of S6K1 and 
mTOR. Meanwhile, the goat Rheb protein has a prenyl 
group binding site (CAAX box) where X is metionine at the 
C-terminal. The CAAX box in Rheb is farnesylated and the 
membrane localization of Rheb through farnesylation is 
important for upstream regulation of S6K1 activity in 
mTOR signaling pathway (Tee et al. 2003), that this re-
placement was seen in results of this study and confirmed 
results of other researchers. Besides, the deduced goat Rheb 
protein has G1 box to G5 box and two switch regions in its 
Ras family conservative domain (Figures 2 and 3). All indi-
cated features are very similar to reported results about 
Rheb in Inner Mongolia Cashmere goat and other species, 
indicating that Rheb gene has been correctly studied from 
Raini Cashmere goat. 

The Rheb switch II is also critical for signaling to the tar-
get of mTOR although the mechanism is unclear. As shown 
above, goat Rheb has a Ras family conservative domain 
containing switch I region from amino acid 36 to 43. The 
switch I region and FKBP-C domain may have interaction 
and regulate the activity of mTOR signaling path way in 
goat cells, but need to be further verification. 

 

  CONCLUSION 

In conclusion, Rheb cDNA is 555 bp in length, including a 
complete ORF corresponding to a polypeptide of 184 
amino acids. Rheb employs an autoinhibitory mechanism 
maybe maintain a high activation state in cells essential for 
the proper maintenance of mTORC1 signaling and cellular 
growth. This is the first proposed bioinformatics study of 
Rheb in Raini Cashmere goat within the Ras subfamily, 
which may be relevant to some other Ras superfamily and 
provides a view into the molecular and bioinformatic 
mechanism of Rheb. 
 

  ACKNOWLEDGEMENT 
The authors thank all individuals who willingly participated 
in the study. 
 

  REFERENCES 
Askari N., Mohammadabadi M.R. and Baghizadeh A. (2011). 

ISSR markers for assessing DNA polymorphism and genetic 
characterization of cattle, goat and sheep populations. Iranian 
J. Biotechnol. 9, 222-229. 

Chen C.C., Hwang J.K. and Yang J.M. (2006). (PS)2: protein 
structure prediction server. Nucleic Acids Res. 34, 152-157. 

Chen C.C., Hwang J.K. and Yang J.M. (2009). (PS)2-v2: template-
based protein structure prediction server. BMC Bioinformatics. 
10, 366-371. 

Dunlop E.A., Dodd K.M., Seymour L.A. and Tee A.R. (2009). 
Mammalian target of rapamycin complex 1-mediated phos-
phorylation of eukaryotic initiation factor 4E-binding protein 1 
requires multiple protein–protein interactions for substrate 
recognition. Cell. Signal. 21, 1073-1084. 

Hasani M.N., Asadi Fozi M., Esmailizadeh A.K. and Mohammad-
abadi M.R. (2010). A genetic analysis of growth traits in 
Raieni Cashmere goat using multivariate animal model. Ira-
nian J. Anim. Sci. 41, 323-329. 

Javanmard A., Mohammadabadi M.R., Zarrigabayi G.E., Ghara-
hedaghi A.A., Nassiry M.R., Javadmansh A. and Asadzadeh 
N. (2008). Polymorphism within the intron region of the bo-
vine leptin gene in Iranian Sarabi cattle (Iranian Bos taurus). 
Russian J. Genet. 44, 495-497. 

Kozlowski L.P. (2016). IPC-Isoelectric point calculator. Biol. 
Direct. 11, 55. 

Kyte J. and Doolittle R.F. (1982). A simple method for displaying 
the hydropathic character of a protein. J. Mol. Biol. 157, 105-
132. 

Letunic I., Doerks T. and Bork P. (2015). SMART: recent up-
dates, new developments and status in 2015. Nucleic Acids 
Res. 43, 257-260. 

Long X., Lin Y., Ortiz-Vega S., Yonezawa K. and Avruch J. 
(2005). Rheb binds and regulates the mTOR kinase. Curr. 
Biol. 15, 702-713. 

Ma D., Bai X., Guo S. and Jiang Y. (2008). The switch I region of 
Rheb is critical for its interaction with FKBP38. J. Biol. Chem. 
283, 25963-25970. 

Marchler-Bauer A., Lu S., Anderson J.B., Chitsaz F., Derbyshire 
M.K., DeWeese-Scott C., Fong J.H., Geer L.Y., Geer R.C., 
Gonzales N.R., Gwadz M., Hurwitz D.I., Jackson J.D., Ke Z., 
Lanczycki C.J., Lu F., Marchler G.H., Li J., Miyamoto K. and 
McClane B.A. (2011). CDD: a conserved domain database for 
the functional annotation of proteins. Nucleic Acids Res. 39, 
225-229. 

Mazhab-Jafari M.T., Marshall C.B., Ishiyama N., Ho J., Di Palma 
V., Stambolic V. and Ikura M. (2012). An autoinhibited non-
canonical mechanism of GTP hydrolysis by Rheb maintains 
mTORC1 homeostasis. Structure. 20, 1528-1539. 

Moghbeli S.M., Barazandeh A., Vatankhah M. and Mohammada-
badi M.R. (2013). Genetics and non-genetics parameters of 
body weight for post-weaning traits in Raini Cashmere goats. 
Trop. Anim. Health Prod. 45, 1519-1524. 

Mohammad Abadi M.R., Askari N., Baghizadeh A. and Esmaili-
zadeh A.K. (2009). A directed search around caprine candi-
date loci provided evidence for microsatellites linkage to 
growth and cashmere yield in Rayini goats. Small Rumin. Res. 
81, 146-151. 

Mohammadabadi M.R., Nikbakhti M., Mirzaee H.R., Shandi A., 
Saghi D.A., Romanov M.N. and Moiseyeva I.G. (2010). Ge-
netic variability in three native Iranian chicken populations of 
the Khorasan province based on microsatellite markers. Rus-
sian J. Genet. 46, 505-509. 

 
 

111Characteristics Determination of Rheb Gene and Protein in Raini Cashmere Goat

__________________________ WORLD TECHNOLOGIES __________________________



WT

  

Tee A.R., Manning B.D., Roux P.P., Cantley L.C. and Blenis J. 
(2003). Tuberous sclerosis complex gene products, Tuberin 
and Hamartin, control mTOR signaling by acting as a GTPase-
activating protein complex toward Rheb. Curr. Biol. 13, 1259-
1268. 

Mohammadi A., Nassiry M.R., Mosafer J., Mohammadabadi M.R. 
and Sulimova G.E. (2009). Distribution of BoLA-DRB3 alle-
lic frequencies and identification of a new allele in the Iranian 
cattle breed Sistani (Bos indicus). Russian J. Genet. 45, 198-
202. 

Tohidi nezhad F., Mohammadabadi M.R., Esmailizadeh A.K. and 
Najmi Noori A. (2015). Comparison of different levels of 
Rheb gene expression in different tissues of Raini Cashmir 
goat. J. Agric. Biotechnol. 6, 35-50. 

Patel P.H., Thapar N., Guo L., Martinez M., Maris J., Gau C.L., 
Lengyel J.A. and Tamanoi F. (2003). Drosophila Rheb 
GTPase is required for cell cycle progression and cell growth. 
J. Cell. Sci. 116, 3601-3610. 

Yamagata K., Sanders L.K., Kaufmann W.E., Yee W., Barnes 
C.A., Nathans D. and Worley P.F. (1994). Rheb, a growth fac-
tor-and synaptic activity-regulated gene, encodes a novel Ras-
related protein. J. Biol. Chem. 269, 16333-16339. 

Ruzina M.N., Shtyfurko T.A., Mohammadabadi M.R., Gendz-
hieva O.B., Tsedev T. and Sulimova G.E. (2010). Polymor-
phism of the BoLA-DRB3 gene in the Mongolian, Kalmyk, 
and Yakut cattle breeds. Russian J. Genet. 46, 456-463. 

Yang W., Tabancay A.P., Urano J. and Tamanoi F. (2001). Failure 
to farnesylate Rheb protein contributes to the enrichment of 
G0/G1 phase cells in the Schizosaccharomyces pombe farne-
syltransferase mutant. Mol. Microbiol. 41, 1339-1347. 

Schultz J., Milpetz F., Bork P. and Ponting C.P. (1998). SMART, 
a simple modular architecture research tool: identification of 
signaling domains. Proc. Natl. Acad. Sci. 95, 5877-5864. 

SPSS Inc. (2011). Statistical Package for Social Sciences Study. 
SPSS for Windows, Version 20. Chicago SPSS Inc. Zheng X., Yang J.F., Wang X.J., Liang Y., Wu M.L., Shi J.J., 

Zhang T., Yin Q., Li S.Y. and Hao X.Y. (2011). Molecular 
characterization and expression pattern of Rheb gene in Inner 
Mongolia Cashmere goat (Capra hircus). Agric. Sci. China. 
10, 1452-1458. 

Szklarczyk D., Franceschini A., Wyder S., Forslund K., Heller D., 
Huerta-Cepas J., Simonovic M., Roth A., Santos A., Tsafou 
K.P., Kuhn M., Bork P., Jensen L.J. and von Mering C. 
(2015). STRING v10: protein-protein interaction networks, in-
tegrated over the tree of life. Nucleic Acids. Res. 43, 447-452.  

 

112 Animal Sciences: Biology, Health and Rearing

__________________________ WORLD TECHNOLOGIES __________________________



WT

In vitro Assessment of Adsorbents to Counteract 
Lead Toxicity in Ruminal Fermentation 

 

 

  INTRODUCTION 
Both primary and secondary lead–zinc smelters have been 
implicated in producing lead toxicity in cattle, buffalo and 
goat reared around these industrial units (Radostits et al. 
2000; Swarup et al. 2006). The higher lead levels in ani-
mals reared around such industrial activities are mainly due 
to ingestion of pasture contaminated with lead as well as 
inhalation of lead particles (Mohajeri et al. 2014). These 
toxic trace elements hinder rumen fermentation, thereby 
decreasing the productivity of ruminants. Forsberg (1977) 
showed that the elements can causing 50% inhibition of in 
vitro rumen fermentation. Ions of heavy metals may also 
inhibit activity of some ruminal enzymes (Faixova and 
Faix, 2002). Despite of this fact that the effect of heavy 

metal contamination on rumen fermentation has been pre-
viously reported (Faixova and Faix, 2002; Forsberg, 1977), 
based on our survey it appears no literature on the effect of 
adsorbents supplementation on ruminal fermentation pa-
rameters of sheep chronically exposed to lead contamina-
tion. Therefore, the present study was aimed to assess the 
effect of different adsorbent supplements on in vitro ru-
minal fermentation parameters. 

  MATERIALS AND METHODS 
In this study an in vitro gas production technique (Menke et 
al. 1979) was used to estimate fermentation parameters, 
organic matter digestibility (OMD), net energy (NE) and 
metabolizable energy (ME) contents and short chain fatty  

An in vitro gas production technique was used to evaluate the effects of different adsorbents on the gas pro-
duction parameters of lead-exposed diet. Ruminal fluid, obtained from fistulated sheep (3-4 years of age 
and 40±5 kg BW), and experimental diets samples, 200 ± 0.2 mg DM, were incubated in 100 mL glass bot-
tles. To each bottle, one of the following treatments was applied: 1) control (no Pb and adsorbent), 2) 15 
mg/kg DM Pb as Pb acetate and no adsorbent, 3) 15 mg/kg DM Pb as Pb acetate and 3% activated carbon, 
4) 15 mg/kg DM Pb as Pb acetate and 3% nanoclay and 5) 15 mg/kg DM Pb as Pb acetate and 3% ben-
tonite. Supplementation of ruminal medium with 15 ppm Pb significantly (P<0.01) decreased total and rate 
of gas production at all incubation times. Rate and total gas production were significantly (P<0.05) higher 
for nanoclay compared to control and the other adsorbents treatments. Lead inclusion decreased organic 
matter digestibility (OMD), net and metabolizable energy contents and short chain fatty acids production 
(P<0.01). Among the adsorbents, nanoclay showed to be more effective on ruminanl fermentation parame-
ters and improved rate and total gas production. 

KEY WORDS  adsorbent, lead, rumen fermentation, sheep. 
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acids (SCFA) production. Ruminal fluid obtained from 4 
fistulated sheep (3-4 years of age and 40±5 kg BW) 3 h 
after morning feeding was mixed and strained through 4 
layers of cheesecloth into a pre-warmed thermos and trans-
ported to the laboratory. The lambs were fed a total mixed 
ration (60:40 forage:concentrate; DM basis) and 0.6% min-
eral and vitamin premix. The lambs were fed twice daily at 
0700 and 1900 hours and had free access to water.  

Incubation medium was prepared as described by Menke 
et al. (1979). Sample from experimental diets, each of 200 
± 0.2 mg DM, were incubated in 100 mL glass bottles in 
which 30 mL of the incubation medium was added. To each 
bottle, one of the following experimental treatments was 
applied: 1) control (no Pb and adsorbent), 2) 15 mg/kg DM 
Pb as Pb acetate and no adsorbent, 3) 15 mg/kg DM Pb as 
Pb acetate and 3% activated carbon, 4) 15 mg/kg DM Pb as 
Pb acetate and 3% nanoclay and 5) 15 mg/kg DM Pb as Pb 
acetate and 3% bentonite. 

Samples were incubated in triplicate and cumulative gas 
production was monitored at 2, 4, 6, 8, 10, 12, 15, 19, 24, 
30, 36, 48, 72 and 96 h post-incubation. Three bottles with 
incubation medium only, were used as blanks to correct the 
gas production values for gas release from the rumen con-
tents. The gas production data were fitted to the following 
model introduced by France et al. (2000): 

 
A= b × [1 – e –c(t-L)] 
 
Where:  
A: volume of gas production at time t.  
b: asymptotic gas production (based on mL/200 mg DM).  
c: rate of gas production per hour from the slowly ferment-
able feed fraction b.  
Time lag (L): discrete lag time prior to gas production.  
 

The rate of gas production (RGP) at 4 and 6 h was calcu-
lated from recorded volumes of gas produced before and 
after these times (Vázquez-Armijo et al. 2011). For exam-
ple, RGP at 4 h was calculated as: 
 
RGP 4 h [(mL/g DM)/h)]= (volume of gas produced at 6 h- 
volume of gas produced at 2 h) / (4×sample weight (mg)) 
 
OMD, ME (Menke et al. 1979) and net energy (NE) 
(Menke and Steingass, 1988) contents were estimated ac-
cording to the equations given below: 
 
OMD (%)= 14.88 + 0.8893 IVGP24 + 0.448 CP (%DM) + 
0.651 A (% DM) 
ME (MJ/kg DM)= 2.20 + 0.136 IVGP24 (mL/200 mg DM) 
+ 0.057 CP (% DM) 

NE (MJ/kg DM)= 0.101 IVGP24 + 0.051 CP (% DM) + 
0.11 EE (% DM) 
 
Where:  
IVGP24: 24 h in vitro gas production volume.  
CP: crude protein.  
A: ash.  
EE: ether extract contents of the feed sample.  
 
SCFA were estimated by the equation of Makkar (2005): 
 
SCFA (mmol/g DM)= 0.0222 (mL gas at 24 h) - 0.00425 
 

Data were analyzed as a completely randomized design 
using the MIXED procedure of SAS (2004). Duncan multi-
ple range test was used to detect statistical significance be-
tween treatments using a significance level of 0.05.  

 

  RESULTS AND DISCUSSION 
Rate of gas production (mL/200 mg DM) in different incu-
bation times are presented in Table 1. Lead-polluted non- 
supplemented batch (group 2) had lower rate of gas produc-
tion compared to the groups supplemented with adsorbents 
and the control (P< 0.01).  

Gas production volumes (mL/200 mg DM) in different 
incubation times of experimental groups are shown in Table 
2. Supplementation of ruminal medium with 15 ppm Pb has 
significantly (P<0.01) decreased total gas production at all 
incubation times. Gas production volumes were signifi-
cantly (P<0.05) higher for nanoclay compared to control 
and other adsorbents containing groups (Table 2 and Figure 
1). 

Gas production parameters (b, c) and calculated amounts 
of OMD, ME, NE and SCFA are presented in Table 3. Sup-
plementation of lead adsorbents improved gas production 
parameters (P<0.01). Among the different adsorbents, the 
nanoclay was the most effective one on ruminanl fermenta-
tion parameters. However, there were no significant differ-
ences between the different treatments regarding the frac-
tional rate of gas production (c). Lead inclusion led to re-
duction in OMD, NE, ME contents and SCFA production 
(P<0.01). 

Heavy metals prevent rumen fermentation, thereby de-
creasing the productivity of ruminants. Forsberg (1977) 
believed that these elements may be inhibitory to both the 
fermentative activity and the growth of microorganisms 
present in the rumen.  

In this study, inclusion of lead to ruminal fermentation 
bottleshad an reducing effect on the measured fermentation 
parameters.  
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Table 1 Effect of adsorbents addition to lead-exposed diets on rate of gas production at different incubation times

Treatment1 

Incubation time 
1 2 3 4  5 

SEM P-value 

RGP 4 h 11.4c 9.6d 12.2bc 14.1a 11.9bc 2.2 < 0.01 

RGP 6 h 9.9c 8.5d 10.6b 12.8a 10.1b 2.4 < 0.01 

RGP 8 h 8.9c 8.4c 11.2ab 12.5a 10.0b 2.1 < 0.01 

RGP 12 h 6.5c 7.0c 9.7ab 10.8a 9.0ab 1.9 < 0.01 

RGP 24 h 2.9c 2.1 3.1ab 3.4a 2.9ab 0.4 < 0.01 

RGP 48 h 2.9c 2.8d 4.0a 3.9a 3.7b 0.5 < 0.01 

RGP 72 h 0.5b 0.6b 1.0a 1.0a 0.9a 0.1 < 0.01 
1 Treatment: 1) control (no Pb and adsorbent); 2) 15 mg/kg DM Pb as Pb acetate and no adsorbent; 3) 15 mg/kg DM Pb as Pb acetate and 3% activated carbon; 4) 15 mg/kg 
DM Pb as Pb acetate and 3% nanoclay and 5) 15 mg/kg DM Pb as Pb acetate and 3% bentonite. 
RGP: rate of gas production in milliliters per 200 mg DM per hour at 4, 6, 8, 12, 24, 48 and 72 h after incubation. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 2 Effect of adsorbents addition to lead-exposed diets on total gas production (mL) at different incubation times 
Treatment1 

Incubation time 
1 2 3 4 5 

SEM P-value 

GP 2 h  9.1b 7.0c 8.9b 12.5a 9.6b 2.3 < 0.01 

GP 4 h  15.2b 11.9c 15.3b 19.5a 16.1b 2.8 < 0.01 

GP 8 h  23.7b 19.1c 24.1b 30.2a 24.5b 3.5 < 0.01 

GP 12 h  30.5c 26.0d 34.0b 40.6a 32.8b 4.5 < 0.01 

GP 16 h  35.0c 30.9d 40.4b 48.3a 39.6b 5.2 < 0.01 

GP 24 h  44.2c 36.2d 48.4b 58.1a 47.7b 5.8 < 0.01 

GP 48 h  55.2b 45.5c 61.1b 71.2a 59.6b 6.4 < 0.01 

GP 72 h  59.6c 50.6d 68.5b 78.0a 66.3b 6.4 < 0.01 

GP 96 h  60.6c 52.2d 71.7b 81.5a 69.1b 6.5 < 0.01 
1 Treatment: 1) control (no Pb and adsorbent); 2) 15 mg/kg DM Pb as Pb acetate and no adsorbent; 3) 15 mg/kg DM Pb as Pb acetate and 3% activated carbon; 4) 15 mg/kg 
DM Pb as Pb acetate and 3% nanoclay and 5) 15 mg/kg DM Pb as Pb acetate and 3% bentonite. 
GP: gas production (in milliliters per 200 mg at 2, 4, 8, 12, 16, 24, 48, 72 and 96 h after incubation). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Figure 1 Gas production of lead-exposed diets supplemented with adsorbents: G1) control (no Pb and bentonite); G2) 15 mg/kg DM Pb as Pb ace-
tate and no adsorbent; G3) 15 mg/kg DM Pb as Pb acetate and 3% activated carbon; G4) 15 mg/kg DM Pb as Pb acetate and 3% nanoclay and G5) 
15 mg/kg DM Pb as Pb acetate and 3% bentonite 
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In agreement with our results, prior studies showed that 

exposure to Pb affected rumen metabolism by forming lipid 
soluble organometallic compounds that inhibit the growth 
and respiration of micro-organisms (Chaudhary et al. 
2006). Surveys conducted by Phillips et al. (2011) have 
shown that exposure to Pb led to a reduction in the diges-
tion of long particles because of a toxic effect on rumen-
micro-organisms. Regarding our study the main finding 
was a much lower production of total gas and volatile fatty 
acids (VFA) in the rumen fluid of contaminated with Pb 
compared to the control and adsorbents supplemented 
groups. In this regards, Varadyova et al. (2006a) observed 
depressed the gas and methane production, production of 
VFA and altered the fermentation pattern in ruminal fer-
mentation of sheep grazing in an area polluted. Marounek 
and Joch (2014), observed decreased molar proportion of 
acetate with increasing concentrations of lead in rumen 
cultures. In this study production of VFA in cultures con-
taining Pb, Hg, Cd and As at 50 µg/mL was decreased by 
15.9, 40.0, 29.1 and 35.6%, respectively. The elements in 
increasing order of toxicity based on the inhibition of VFA 
production at 50 µg/mL were Pb, Cd, As and Hg. The cor-
responding ranking of trace elements toxicity, based on the 
inhibition of gas evolution reported by Forsberg (1977) was 
Pb, As, Cd and Hg. Probably as a consequence of inhibition 
the microbial activity and the methanogenic population 
appeared not to be fully able to consume hydrogen pro-
duced in bacterial and protozoan communities (Varadyova 
et al. 2006b). In anaerobic digestion medium, Chen et al. 
(2008) demonstrated that the toxic effect of heavy metals is 
attributed to disruption of enzyme function and structure by 
binding of the metals with thiol and other groups on protein 
molecules or by replacing naturally occurring metals in 
enzyme prosthetic groups. 

Change in fermentation pattern (Varadyova et al. 2007) 
and protozoan counts (Hristov et al. 2001) by clay sorbent 
has been documented previously. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3 Effect of adsorbents addition to lead-exposed diets on fermentation parameters and energy and fatty acids production 
Treatment1 

Factor  

 
In this study addition of different absorbents ameliorated 

toxic effects of lead and improved ruminal fermentation 
parameters. With consistent to our results, in study of 
Varadyova et al. (2006a), addition of bentonite to fermenta-
tion bottles containing lead tended to enhance production of 
total and rate of gas production. 

Supplementation with 1.5% of dietary DM clay de-
creased the adverse effects of lead contamination. These 
results are in agreement with those reported in ruminants by 
Khalifeh et al. (2012) who found that, addition of bentonite 
led to a significant increase in gas production rate constant 
and organic matter digestibility. Also, activated carbon has 
been used as an adsorbent for removal of heavy metal pol-
lutants from wastewater and has proved to be effective 
(Gueu et al. 2007; Okpareke et al. 2009).  

However, in our study with using different adsorbents, 
nanosized clay, was more effective for removal of Pb from 
ruminal medium and has better improvement for fermenta-
tion parameters than natural adsorbents. This is partly be-
cause of their large surface areas and high activities caused 
by the size-quantization effect (Hua et al. 2012). With 
agreement with our results, Muhammad and Munawar 
(2007) mentioned that nano zeolite Y is an effective ad-
sorbent for Pb removal. In another study by Rasouli et al. 
(2012) low silica nano-zeolite X be much suitable adsorb-
ent for the removal of Pb from aqueous solution. Recent 
studies suggested that many nanosized clay exhibit very 
favorable sorption to heavy metals in terms of high capacity 
and selectivity, which would result in deep removal of toxic 
metals to meet increasingly strict regulations (Deliyanni et 
al. 2009). 

 

  CONCLUSION 

In conclusion exposure to Pb affected rumen function, re-
ducing rate and total gas production and energy and fatty 
acids production. Among the different adsorbents, 

1 2 3 4 5 
SEM  P-value  

b (mL/g DM) 60.3c 50.9c 69.7b 79.3a 67.7b 5.8 < 0.01 

c (h) 0.059 0.057 0.053 0.059 0.054 0.006 0.74 

OMD (%) 61.4b 54.2c 65.1b 73.7a 64.5b 5.2 < 0.01 

ME (MJ/kg DM)  9.0c 7.9d 9.6bc 10.9a 9.5bc 0.8 < 0.01 

NE (MJ/kg DM)  6.1b 5.1c 6.5b 7.7a 6.5b 0.6 < 0.01 

SCFA (mmol/g DM)  0.97b 0.80c 1.07b 1.28a 1.05b 0.13 < 0.01 
1 Treatment: 1) control (no Pb and adsorbent); 2) 15 mg/kg DM Pb as Pb acetate and no adsorbent; 3) 15 mg/kg DM Pb as Pb acetate and 3% activated carbon; 4) 15 mg/kg 
DM Pb as Pb acetate and 3% nanoclay and 5) 15 mg/kg DM Pb as Pb acetate and 3% bentonite. 
b: asymptotic gas production (in milliliters per 200 mg DM); c: fractional rate of gas production (per hour); OMD: organic matter digestibility (%); ME: metabolizable 
energy (in MJ per kilogram DM); NE: net energy yield (in MJ per kilogram DM) and SCFA: short chain fatty acid (millimole per g DM). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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nanosized clay was found to be much suitable adsorbent for 
the removal of Pb from ruminal medium. 

Menke K.H., Raab L., Salewski A., Stingass H., Fritz D. and 
Schneide W. (1979). The estimation of the digestibility and 
metabolizable energy content of ruminant feedstuffs from the 
gas production when they are incubated with rumen liquor in 
vitro. J. Agric. Sci. 93, 217-222. 
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The Effects of Different Levels of Saturated and 
Unsaturated Fats and Their Composition in Growing 
and Finishing Periods on  Productive Performance 
and Blood Lipids of Broilers  

         

 

 

 

 

  INTRODUCTION 
 

Fats and oils can be used as an alternative energy source in 
place of prime energy feed ingredients in broiler produc-
tion. The dietary metabolizable energy (ME) increased 
through supplementation of fat in broiler rations and sig-
nificantly increased their body weight gain (Leeson and 
Atteh, 1995). The cholesterol content of the food products 
especially from animal sources becomes the prime area of 
consumer's concern because of the increased awareness on 
higher dietary cholesterol and the incidence of coronary 
heart diseases. In poultry and other monogastric animals, 

the fatty acid composition of tissue lipids depends on the 
dietary fatty acids (Lopez Ferre et al. 1999). One of the 
major concerns related to fat usage is the actual ME value 
that should be assigned to each fat source. This number is 
often difficult to determine in a practical sense and may 
have little practical value in diet formulation. The type of 
fat added to the diet has a significant influence on the pro-
file of fatty acids of the abdominal fat. It was evident that 
inclusion of saturated fats produces the higher accumulation 
of intramuscular, mesenteric and abdominal fat in broilers 
(Sanz et al. 1999; Crespo and Esteve-Garcia, 2002). Many 
factors influence the absorption of fats. The chemical char-

This experiment was conducted to investigate the effects of different levels of saturated and unsaturated fats 
and their composition in growing and finishing periods on performance, carcass traits and blood lipids level 
in broiler chickens. In this experiment, 432 Ross 308 broilers were used from 11 up to 42 days in 9 treat-
ments, 4 replicates and 12 birds in each replicate in growing (11-24 days) and finishing (25-42 days) peri-
ods in a completely randomized design. Treatments included: 1) control group (without fat), 2) 2% canola 
oil, 3) 4% Canola oil, 4) 2% beef tallow, 5) 4% beef tallow, 6) 2% canola oil + 2% beef tallow, 7) 4% ca-
nola oil + 2% beef tallow, 8) 2% canola oil + 4% beef tallow and 9) 4% canola oil + 4% beef tallow. In the 
growing period, different levels of fat sources had no significant effects on the performance of broilers. In 
the finishing period, the higher amounts of daily weight gain and final live weight were obtained in group 8 
(P<0.05). In the whole feeding period, the best feed conversion ratio and final live weight were observed in 
group 8 (P<0.05). The lowest amount of intestine, abdominal, gizzard and liver weights belonged to control 
group (P<0.05). However, a difference was observed between the control group and group 8 in these re-
spects. Using different levels of saturated and unsaturated fat in growing and finishing periods had no sig-
nificant effect on the blood lipids level of broilers (P>0.05). The overall results indicated that in broilers, 
using mixing of saturated and unsaturated fats have beneficial effects on their performance.  
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acter of the fat itself is important. Absorption will be influ-
enced by whether the fatty acids are free fatty acids (FFA) 
or triglycerides (Garrett and Young, 1975). The position of 
the fatty acids in the triglyceride molecule affects absorp-
tion (Renner and Hill, 1961a). The digestibility of free fatty 
acids decreases with the increasing length of the carbon 
chain and saturation (Renner and Hill, 1961b). An increase 
in the content of unsaturated fats in relation to saturated fats 
the absorption of the saturated fatty acids increased (Young 
and Garrett, 1963). Oils added to the rations of animals are 
effective on the fatty acid composition and amount of ab-
dominal fat. In fact, fatty acids composition of oils used in 
poultry rations are reflected in the animal products because 
dietary fatty acids are incorporated with little change into 
the bird body fats (Scaife et al. 1994). Thus, the type of fat 
used in the feed, influence the composition of broiler body 
lipids. Abdominal fat is a good indicator of chicken body 
fats because it is very sensitive to changes in dietary fatty 
acid composition (Yau et al. 1999). In this context, reported 
that broiler chickens fed with diets enriched with polyun-
saturated fatty acids have less abdominal fat or total body 
fat deposition than do broiler chickens fed diets containing 
saturated fatty acids (Sanz et al. 2000a). There are different 
kinds of fats in the market. Canola oil and beef tallow are 
the most important of them. Canola oil has been recognized 
as adequate mixture of essential fatty acids, unsaturated 
fatty acids such α-linolenic acid (C18:3) that can improve 
broiler performance, also linolenic acids can be converted 
to longer chain omega-3 fatty acids (Sim et al. 1990; Young 
et al. 1963) that is an important factor in animal feeding 
and is for promote of health (Bezard et al. 1994). Adding 
3% of canola oil and poultry fat resulted in significant im-
provement in body weight and better feed conversion ratio 
than other groups, no significant different were found in 
liver, breast and thigh weights between groups fed lipid in 
comparison with the control group. Addition 6% poultry fat 
caused significant increasing on abdominal fat and gizzard 
weight was significantly higher in control group (Shahryar 
et al. 2011). It has been accepted that dietary canola oil is 
excellent supplement for commercial fish such as salmon 
(Huang et al. 2007).  

On the other hand, canola oil contains less than 2% of 
erucic acid (docosanoic acid, C22:1, (-9) in relation to the 
total fatty acids and less than 30 moles of glucosinolates per 
gram of free oil on seed dry matter basis. In birds, the ad-
verse effects of adding erucic acid to the diets are reflected 
on intake, feed growth performance and the apparent di-
gestibility of total lipid and individual fatty acids (Leeson 
and summers, 2001). Using 2% of canola oil in broiler diets 
positively improved their performance and carcass traits 
(Nobakht et al. 2012). In broiler diets inclusion 5% canola 
oil improved their weight gain and increased blood triglyc-

eride (Kiani et al. 2016). Using canola oil up to 5% in na-
tive turkeys had no effects on blood lipids concentration 
(Salamatdoust Nobar et al. 2010). In laying hens, incorpo-
rating 2% canola oil in diets improved their performance 
and reduced their egg and blood cholesterol level (Ismail et 
al. 2013). Inclusion up to 5% beef tallow to broiler diets 
had positive effects on their performance (Nasiri Moghad-
dam et al. 2000). In laying hens using 4% beef tallow could 
not affect their performance, egg traits and blood parame-
ters (Safamehr et al. 2011). 

As in young birds, the digestive tract not fully compli-
cated and the amount of secreted enzymes and other juices 
are not considerable, it thought that in this period, the birds 
have several difficulties in digestion and absorption of 
some feed ingredients such as saturated fats. In the current 
study, the effects of different levels of saturated and unsatu-
rated fats and several compositions of them in growing and 
finishing breeding periods of broilers on their performance, 
carcass traits and blood lipids had been investigated.  

 

  MATERIALS AND METHODS 
In this experiment, 432 Ross 308 broilers were used from 
11 up to 42 days in 9 treatments, 4 replicates and 12 birds 
in each replicate in growing (11-24 days) and finishing (25-
42 days) periods in a completely randomized design. 
Treatments included: 1) control group (without fat), 2) 2% 
canola oil, 3) 4% Canola oil, 4) 2% beef tallow, 5) 4% beef 
tallow, 6) 2% canola oil + 2% beef tallow, 7) 4% canola oil 
+ 2% beef tallow, 8) 2% canola oil + 4% beef tallow and 9) 
4% canola oil + 4% beef tallow. The diets were formulated 
to meet the requirements of birds established by the 
Aviagen (2014) for broilers in grower (11-24 days) and 
finisher (25-42 days) periods are shown in Tables 1 and 2. 

In all experimental periods, the diets and water were pro-
vided ad libitum for birds. The lighting program during the 
experimental periods consisted of a period of 23 hours light 
and 1 hour of darkness. House temperature was gradually 
decreased from 33 ˚C to 25 ˚C on day 21 and was then kept 
constant. Body weight, feed intake and feed conversion 
ratio were determined at the end of each experimental pe-
riod on bird bases. Mortality was also recorded if it oc-
curred. At the end of the experiment, two birds from each 
replicate were randomly chosen for blood collection and 
approximately 5 mL blood samples were collected from the 
brachial vein of randomly chosen birds. The blood was cen-
trifuged to obtain serum for determining the blood lipids 
which included cholesterol, triglyceride, low density lipo-
protein (LDL) and high density lipoprotein (HDL). Kit 
packages (Pars Azmoon Company; Tehran, Iran) were used 
for determining the blood biochemical parameters using 
Anision-300 auto-analyzer system (Nazifi, 1997). 
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Also, at 42 days of age, two birds from each replicate 

randomly chosen based on the average weight of the group 
and sacrificed. Dressing yield was calculated by dividing 
eviscerated weight by live weight. Abdominal fat, gizzard, 
liver, spleen, breast and thigh were collected, weighed and 
calculated as a percentage of carcass weight. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The data were subjected to one-way analysis of variance 

procedures as completely randomized design using the 
General Linear Model procedures of SAS (2005). Means 
were compared using the Duncan test (Valizadeh and 
Moghaddam, 1994). Statements of statistical significance 
were based on (P<0.05). 

Table 1 The composition of broiler diets in growing period (11-24 days)

Feed ingredients 0% 2% canola oil  4% canola oil 2% beef tallow   4% beef tallow 

Corn 62.83 49.83 44.46 50.10 45.02 

Soybean meal (42% CP)  33.17 42.31 43.70 42.35 43.57 

Fat 0.00 2.00 4.00 2.00 4.00 

Inert (sand) 0.27  0.56 3.55 1.33 3.10 

Oyster shell 0.25 0.23 0.21 0.24 0.21 

Bone meal 2.11 2.65 2.68 2.65 2.68 

Salt 0.40 0.41 0.41 0.41 0.41 

Vitamin premix1  0.25 0.25 0.25 0.25 0.25 

Mineral premix2 0.25 0.25 0.25 0.25 0.25 

DL-methionine 0.28 0.31 0.31 0.31 0.31 

L-lysine hydrochloride 0.19 0.20 0.18 0.21 0.20 

Calculated composition       

Metabolizable energy (kcal/kg)  3000 3000 3000 3000 3000 

Crude protein (CP) (%) 20.63 20.63 20.63 20.63 20.63 

Calcium (%) 0.80 0.80 0.80 0.80 0.80 

Available phosphorus (%) 0.39 0.39 0.39 0.39 0.39 

Sodium (%) 0.19 0.19 0.19 0.19 0.19 

Lysine (%) 1.02 1.02 1.02 1.02 1.02 

Methionine + cysteine (%)   0.81 0.81 0.81 0.81 0.81 

Tryptophan (%) 0.19 0.19 0.19 0.19 0.19 
1 Vitamin premix per kg of diet: vitamin A (retinol): 2.7 mg; vitamin D3 (cholecalciferol): 0.05 mg; vitamin E (tocopheryl acetate): 18 mg; vitamin K3: 2 mg; Thiamine: 1.8 
mg; Riboflavin: 6.6 mg; Panthothenic acid: 10 mg; Pyridoxine: 3 mg; Cyanocobalamin: 0.015 mg; Niacin: 30 mg; Biotin: 0.1 mg; Folic acid: 1 mg; Choline chloride: 250 mg 
and Antioxidant 100 mg. 
2 Mineral premix per kg of diet: Fe (FeSO4.7H2O, 20.09% Fe), 50 mg; Mn (MnSO4.H2O, 32.49% Mn), 100 mg; Zn (ZnO, 80.35% Zn), 100 mg; Cu (CuSO4.5H2O), 10 mg; 
I (K1, 58% I), 1 mg; Se (NaSeO3, 45.56% Se): 0.2 mg. 

Table 2 The composition of broiler diets in finishing period (25-42 days) 

Feed ingredients 0% 2% canola oil  4% canola oil 2% beef tallow   4% beef tallow 

Corn 66.38 61.10 56.76 61.68 55.93 

Soybean meal (42% CP)  30.22 33.53 33.86 32.97 34.74 

Fat 0 2.00 4.00 2.00 4.00 

Inert (sand) 0 0.04 2.05 0 2.00 

Oyster shell 0.24 0.27 0.24 0.26 0.24 

Bone meal 2.07 2.04 2.07 2.05 2.07 

Salt 0.37 0.39 0.39 0.39 0.39 

Vitamin premix1  0.25 0.25 0.25 0.25 0.25 

Mineral premix2 0.25 0.25 0.25 0.25 0.25 

DL-methionine 0.18 0.13 0.14 0.15 0.13 

Calculated composition       

Metabolisable energy (kcal/kg)   3050 3050 3050 3050 3050 

Crude protein (CP) (%) 19.54 19.54 19.54 19.54 19.54 

Calcium (%) 0.81 0.81 0.81 0.81 0.81 

Available phosphorus (%) 0.40 0.40 0.40 0.40 0.40 

Sodium (%) 0.17 0.17 0.17 0.17 0.17 

Lysine (%) 1.01 1.01 1.01 1.01 1.01 

Methionine + cysteine (%)   0.78 0.78 0.78 0.78 0.78 

Tryptophan (%) 0.24 0.24 0.24 0.24 0.24 
1 Vitamin premix per kg of diet: vitamin A (retinol): 2.7 mg; vitamin D3 (cholecalciferol): 0.05 mg; vitamin E (tocopheryl acetate): 18 mg; vitamin K3: 2 mg; Thiamine: 1.8 
mg; Riboflavin: 6.6 mg; Panthothenic acid: 10 mg; Pyridoxine: 3 mg; Cyanocobalamin: 0.015 mg; Niacin: 30 mg; Biotin: 0.1 mg; Folic acid: 1 mg; Choline chloride: 250 mg 
and Antioxidant 100 mg. 
2 Mineral premix per kg of diet: Fe (FeSO4.7H2O, 20.09% Fe), 50 mg; Mn (MnSO4.H2O, 32.49% Mn), 100 mg; Zn (ZnO, 80.35% Zn), 100 mg; Cu (CuSO4.5H2O), 10 mg; 
I (K1, 58% I), 1 mg; Se (NaSeO3, 45.56% Se): 0.2 mg. 
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  RESULTS AND DISCUSSION 
Performance 
The effects of different levels of saturated and unsaturated 
fats on the performance of broilers in growing period are 
shown in Table 3. Different levels and composition of satu-
rated and unsaturated fats in growing period had no signifi-
cant effects on performance of broilers (P>0.05). 

The effects of different levels of saturated and unsatu-
rated fats on the performance of broilers in the finishing 
period are summarized in Table 4. In the finishing period, 
different levels of saturated and unsaturated significantly 
changed the amounts of daily weight gain and final live 
weight (P<0.01). The highest amounts of daily weight gain 
(71.07 g) and final live weight 2346.33 g were observed in 
group 8 (contained 2% canola oil+4% beef tallow), whereas 
the lowest value of them, 63.02 g and 2182.33 g belonged 
to group 4 with 4% beef tallow. The values of daily feed 
intake and feed conversion ratio were not significantly dif-
ferent between treatments (P>0.05). 

The effects of different levels of saturated and unsatu-
rated fats on performance of broilers in whole feeding pe-
riod are shown in Table 5. 

Different levels and composition of saturated and unsatu-
rated fats in whole feeding period significantly affected the 
performance of broilers (P>0.01). In whole feeding period, 
the highest amounts of daily feed intake and weight gain 
were observed in control group, whereas the amounts of 
these parameters not different between other treatments 
(P>0.05). In this period such as finishing period the final 
live weight belonged to group 8. There were not any sig-
nificant difference between treatment about feed conversion 
ratio, livability, and production index (P>0.05). 

 
Carcass traits 
The effects of different levels of saturated and unsaturated 
fat on carcass traits of broilers are shown in Table 6. Using 
different levels of saturated and unsaturated fats in growing 
and finishing periods significantly affected the carcass traits 
of broilers (P<0.05). The lowest values for abdominal fat, 
gizzard and liver percentages were observed in control 
group, however there were not any significant difference 
between control group and group 8 about this organs values 
(P>0.05). Carcass, breast and thigh percentages were not 
affected by using different levels of saturated and unsatu-
rated fats (P>0.05). 
 
Blood lipids 
The effects of different levels of saturated and unsaturated 
fats in growing and finishing periods of blood lipids in 
broilers are summarized in Table 7.  

Different levels of saturated and unsaturated fats in grow-
ing and finishing periods had no significant effects on blood 
lipids of broilers (P>0.05). 

In growing period in contrast to finishing period, the 
amount of feed intake is low, this caused the performance 
not to be change significantly. Whereas in finishing period 
the amount of daily feed intake is high, so, it caused the 
amounts of daily weight and final live weight changes sig-
nificantly, the highest amount is occurred in group 8 with 
mixing of 2% canola oil + 4% beef tallow. High perform-
ance in group 8 may be related to positive corporation 
combination between saturated and unsaturated fat sources. 

Canola oil more than energy is a rich source of essential 
fatty acids and fat soluble vitamins. Using it in corporation 
with beef tallow by supplying optimum levels of nutrients 
supported broiler performance and improved the amount of 
their weight gain.  

The current results are in line with the reports of Nobakht 
and Mehmannavaz (2012) and Poorghasemi et al. (2013) 
who indicated that a combination of vegetable and animal 
fat sources in laying hens and broiler diets supported posi-
tively of their performance. Achieving to the high amount 
of daily feed intake and daily weight gain in group without 
fat sources (control group), may be related to the absent of 
fat sources, as the fats can easily supply considerable 
amount of energy (Leeson and summers, 2001), in contrast, 
other energy sources can reduce the amount of feed intake 
and vest versa. In this relation, as other groups contain fats, 
so the amounts of daily feed intake and weight gain, had 
not been changed significantly, whereas the highest amount 
of live final weight belonged to group 8 with combination 
2% canola oil + 4% beef tallow. This result is in agree with 
the experiment results of Nobakht and Mehmannavaz 
(2012) and Poorghasemi et al. (2013) reported that combi-
nation of vegetable and animal fat sources in laying hens 
and broilers diets supported positively their performance. 
Changes in the amounts of daily feed intake and weight 
gain, could not alter feed conversion ratio, that it is not in 
agree with Jeffri et al. (2010) reported that by increasing fat 
sources to broiler diet, the feed conversion ratio was im-
proved.  

The results showed that no significant changes took place 
on feed conversion ratio in this experiment. There are con-
flicting reports on the effect of fat supplementation on feed 
conversion ratio of broiler. 

Al Athari and Watkins (1988) found no difference in the 
feed conversion ratio of broiler diets containing 5% added 
saturated fat or soybean oil. In contrast, Pinchasov and Nir 
(1992) and Zollitsch et al. (1996) reported an improved 
feed conversion ratio in broiler when dietary polyunsatu-
rated fatty acid intake increased.  
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Sanz et al. (2000b) confirmed that the source and level of 

different fats and the rates of use did not affect the feed 
conversion of broilers. Not improving in feed conversion 
ratio in the current study may be related to proportion be-
tween daily feed intake and weight gain. 

The lowest amount of abdominal fat was observed in 
control group (diet without fat) and the highest it related to 
group with 4% canola oil. As fats are the reach sources of 
energy in diets, so using them (especially at high levels), 
not only can supply enough energy for supporting of per-
formance, but also more of it can be changed to body fat 
and save in different forms such as abdominal fats (Leeson 
and summers, 2001), as oils in contrast to fats have highly 
amount of unsaturated fatty acids, the digestion and supply-
ing of energy is in high amount, so by feeding 4% of canola 
oil, not only the amount of energy requirement for growth 
can be available, but also, more than it, can be changed to 
body fat and reserve different forms such as abdominal fat, 
whereas in control group the digestible energy supplied by 
other ingredients without fat sources mainly supported per-
formance and tissue growth. In contrast to the present 
study, high amount of abdominal fat was reported by using 
4% tallow in broiler diet (Duraisamy et al. 2013). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
  
Such as abdominal fat, the highest and the lowest 

amounts of gizzard and liver related to control group and 
group contained 4% canola oil. As the gizzard and liver 
contain highly amount of fat, the size of them can be related 
to the amount of abdominal fat, as the amount of abdominal 
fat is low and high in groups 1 and 3, it could affect the size 
of these organs. Our results in the present study in consist 
with Crespo and Esteve-Garcia (2000) reports, that using 
4% sunflower oil in broiler diets reduced the amount of 
abdominal fat. There suggested that reduction of abdominal 
fat in broilers fed a diet supplemented with oil seems to be 
a consequence of higher lipid oxidation despite the higher 
synthesis of endogenous fatty acids. Among available fat 
sources in poultry nutrition, it has been recognized that ca-
nola oil is an adequate combination of essential fatty acids, 
unsaturated fatty acids (such α-linolenic acid) that can im-
prove broiler performance, and also linolenic acid can be 
converted to longer chain omega-3 fatty acids that are im-
portant factors in animal feeding as health promoter 
(Bezard et al. 1994). 

Shahryar et al. (2011) found that the addition 6% animal 
fat caused a significant increase in abdominal fat weight 
compared to control groups.  

 

Table 3 The effects of saturated and unsaturated fats on performance of broilers in growing period (11-24 days)

Treatments Weight gain (g/d/h) Feed intake (g/d/h) Feed conversion ratio Final weight (g) 

1) control (without fat) 69.19 97.58 1.42 1168.67 

2) 2% canola oil 65.85 95.54 1.46 1177.33 

3) 4% canola oil 61.68 93.28 1.52 1173.33 

4) 2% beef tallow 64.25 96.58 1.51 1155.67 

5) 4% beef tallow 63.86 94.01 1.48 1174.33 

6) 2 canola oil + 2% beef tallow 64.27 92.65 1.44 1183.67 

7) 4 canola oil + 2% beef tallow 62.41 92.93 1.50 1171.33 

8) 2 canola oil + 4% beef tallow 63.27 91.66 1.45 1182.67 

9) 4 canola oil + 4% beef tallow 62.96 90.56 1.44 1141.67 

SEM 2.14 2.47 0.2 10.80 

P-value 0.4174 0.5581 0.0881 0.2105 
SEM: standard error of the means. 

Table 4 The effects of saturated and unsaturated fats on the performance of broilers in finishing period (25-42 days) 
Treatments Weight gain (g/d/h) Feed intake (g/d/h) Feed conversion ratio Final weight (g) 

1) control (without fat) 65.65bcd 121.39 1.85 2243.33dc 

2) 2% canola oil 64.43d 120.69 1.88 2213.00de 

3) 4% canola oil 64.93dc 124.86 1.93 2212.33de 

4) 2% beef tallow 64.22d 119.41 1.86 2188.67de 

5) 4% beef tallow 63.02d 121.30 1.93 2182.33e 

6) 2 canola oil + 2% beef tallow 66.16bcd 125.52 1.90 2242.00dc 

7) 4 canola oil + 2% beef tallow 68.98abc 127.39 1.85 2282.67bc 

8) 2 canola oil + 4% beef tallow 71.07a 128.45 1.81 2346.33a 

9) 4 canola oil + 4% beef tallow 69.72ab 128.45 1.85 2297.67ab 

SEM 1.27 4.92 0.6 17.22 

P-value 0.0026 0.8288 0.8324 0.0001 
SEM: standard error of the means. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
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Moreover, adding 3% of canola oil and poultry fat mix-

ture resulted in significant enhancement in organs’ weight, 
whereas no differences were found in liver, breast and thigh 
weights between groups fed fat in comparison with control 
group. 

Blood lipids composition had not changed in experimen-
tal groups. Not changes in the blood lipids in our study can 
have some reasons such as the length of experimental diets 
using, the amounts and composition of fats in diets, other 
diets ingredients, birds strain, performance and health status 
of birds. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  
The present results is in line with Salamatdoust Nobar et 

al. (2010) report that using canola oil up to 5% of native 
turkeys diets had no effects on their blood lipids, whereas 
on the base of Ismail et al. (2013) reported using 2% canola 
oil in laying hens diets reduced their egg and blood choles-
terol content. 
 

  CONCLUSION 

The overall results indicated that using combination of oil 
and fat such as group 8 (2% canola oil+4% beef tallow) in 

Table 5 The effects of saturated and unsaturated fats on performance of broilers in whole feeding period (11-42 days) 

Treatments 
Weight gain 

(g/d/h) 

Feed intake 

(g/d/h) 
Feed conversion 

ratio 
Final weight 

(g) 
Livability 

(%) 
Production 

index 

1) control (without fat) 67.52a 109.21a 1.62 2243.33dc 97.22 320.46 

2) 2% canola oil 50.44b 80.75b 1.60 2213.00de 97.22 319.88 

3) 4% canola oil 49.59b 81.19b 1.65 2212.33de 94.45 302.67 

4) 2% beef tallow 49.86b 80.42b 1.62 2188.67de 97.22 313.98 

5) 4% beef tallow 49.48b 80.08b 1.62 2182.33e 97.22 312.03 

6) 2 canola oil + 2% beef tallow 50.52b 81.21b 1.61 2242.00dc 97.22 322.74 

7) 4 canola oil + 2% beef tallow 50.87b 81.70b 1.61 2282.67bc 94.45 319.00 

8) 2 canola oil + 4% beef tallow 51.62b 81.71b 1.59 2346.33a 94.45 332.00 

9) 4 canola oil + 4% beef tallow 50.88b 81.02b 1.60 2297.67ab 94.45 329.06 

SEM 0.80 1.99 0.03 17.22 3.21 8.81 

P-value 0.0001 0.0001 0.9219 0.0001 0.9853 0.4464 
SEM: standard error of the means. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 

Table 6 The effects of saturated and unsaturated fats on carcass traits (carcass %) of broilers (42 days) 

Treatments Carcass Abdominal fat Gizzard Liver Breast Thigh 

1) control (without fat) 69.77 3.62c 4.04c 2.90c 34.57 27.85 

2) 2% canola oil 73.85 4.03abc 4.40abc 3.07bc 34.23 28.35 

3) 4% canola oil 68.42 4.41a 4.75a 3.47a 35.96 30.36 

4) 2% beef tallow 70.95 4.19ab 4.53abc 3.32ab 34.43 28.57 

5) 4% beef tallow 69.64 4.08abc 4.60ab 3.34ab 36.21 30.00 

6) 2 canola oil + 2% beef tallow 71049 3.68bc 4.01c 3.04bc 33.87 28.02 

7) 4 canola oil + 2% beef tallow 69.66 3.93abc 4.30abc 3.15abc 34.99 29.22 

8) 2 canola oil + 4% beef tallow 70.35 4.13abc 4.42abc 3.08bc 34.75 28.62 

9) 4 canola oil + 4% beef tallow 70.97 3.82bc 4.18bc 3.09bc 33.34 27.53 

SEM 1.82 0.16 - 0.10 1.37 1.52 

P-value 0.6734 0.0497 - 0.0187 0.8747 0.9063 
SEM: standard error of the means. 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 

Table 7 The effects of saturated and unsaturated fats on blood lipids (mg/dL) of broilers (42 days) 

Treatments Cholesterol Triglyceride  LDL HDL 

1) control (without fat) 115.75 87.09 57.67 40.39 

2) 2% canola oil 142.59 62.41 46.12 75.79 

3) 4% canola oil 124.75 98.95 45.40 76.97 

4) 2% beef tallow 136.73 94.06 65.33 56.90 

5) 4% beef tallow 139.57 85.77 51.00 74.34 

6) 2 canola oil + 2% beef tallow 126.53 89.85 40.90 59.63 

7) 4 canola oil + 2% beef tallow 155.39 94.04 40.78 68.41 

8) 2 canola oil + 4% beef tallow 136.03 93.63 57.67 66.86 

9) 4 canola oil + 4% beef tallow 125.23 95.03 49.73 69.72 

SEM 11.43 25.08 10.54 12.11 

P-value 0.4219 0.8160 65.43 0.5211 
SEM: standard error of the means. 
LDL: low density lipoprotein and HDL: high density lipoprotein. 
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growing and finishing diets of broilers can improve their 
performance. 
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  INTRODUCTION 
 

Small ruminants are a common of many traditional farming 
systems near the Zagros Mountains in the west of Iran. De-
spite advances in animal science husbandry during previous 
decades, selling lambs are the main source of incomes for 

small holder in this area. Profitability in sheep husbandry in 
Iran is closely related to the ability of breeding ewes to 
raise lambs at the maximum economically feasible level. 
One approach to economic feasibility sheep production in a 
closed space is manipulating the age of puberty. In order to 
accelerate the maturity of the ewe lamb, the traditional 

This experiment was conducted to investigate the effect of pre-pubertal plane of nutrition on the skeletal 
growth, lamb mortality, insulin-like growth factor 1 (IGF-1) concentrations, quantity and quality of colos-
trum produced in ewe lambs. A total of 40 clinically health Kurdish female lambs (30±8.6 d and weighing 
10.2±3.4 kg) were randomly allocated to one of two experimental diets in pre-weaning period: high quality 
diet (HQD, 2.50 Mcal ME/kg dry matter (DM) and 148 g CP/kg DM) or low quality diet (LQD, 2.02 Mcal 
ME/kg DM and 87 g CP/kg DM). At weaning, one half of lambs from each group was randomly separated 
and assigned to HQD or LQD. So there were four treatment groups in post-weaning period: H-H (HQD pre- 
and post-weaning); H-L (HQD pre-weaning and LQD post-weaning); L-H (LQD pre-weaning and HQD 
post-weaning) and L-L (LQD pre and post-weaning, control group). Weekly DM intake was determined. 
Serum IGF-1 concentrations was determined by ELISA method. The HQD treatment increased DM intake 
and BW (body Weight) compared with the LQD treatment during pre-weaning period (P<0.01). At 210 d of 
age, animals fed LQD during the pre-weaning period and HQD during the post-weaning period (L-H se-
quence) had greater body length (BL), wither height (WH), hip height (HH) and hip width (HW) than ani-
mals on the H-L sequence. No interaction of the two periods was detected for heart girth, HW, WH, BL at 
210 d of age (P>0.05). HW at weaning time was not affected by quality of diet. However, lambs of H-H 
and L-H sequences had a higher increase in HW during post-weaning period compared with lambs of H-L 
and L-L sequences. Quantity and quality of colostrum was not influenced by pre-pubertal plane of nutrition 
(P>0.05). Based on the results of current study the authors’ suggestion is that skeletal compensatory growth 
during post-weaning period can compensate losses caused by poor nutrition during pre-weaning period. 
And also, the results indicated that skeletal size is a better indication for first-lactation colostrum yield than 
body weight (BW).  

KEY WORDS  colostrum, IGF‐1, Kurdish ewes, lamb mortality, pre‐pubertal diets, skeletal growth. 
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plane of nutrition must be changed. However, due to the 
high positive correlation between BW and lamb mortality it 
is necessary to apply the right strategies. All of factors that 
affect the rate of growth pre- and post-weaning are impor-
tant determinants of age at puberty. If a ewe lamb fails to 
achieve puberty in its first autumn, it will be delayed until 
the following breeding season (Kenyon et al. 2014). 

Studies on animals revealed that both prenatal and neona-
tal programming of skeletal system development may be 
induced with the use of nutritional manipulation (Harrison 
et al. 2004; Tatara et al. 2007; Andersen et al. 2008). This 
suggests that the opportunity for increasing skeletal growth 
rate is greater during the time prior to puberty. Body weight 
fails to indicate the composition of the animal, therefore, 
measurements of the animal’s frame can be considered in-
direct indicators in determining meat leanness (Greyling 
and Taylor, 1999).  

Abnormal or difficulty in giving birth can be led to lamb 
mortality. There are two types of factors that lead to inci-
dence of dystocia in ewe. Firstly, the fetal factors which 
include oversized fetus, lamb malpresentation, malposition, 
postural defects, and congenital abnormalities. Secondly, 
the maternal factors which include over feeding of dam 
during pregnancy, uterine inertia in polytocous ewes, and 
small diameter of pelvic canal (Pugh and Baird, 2012). 

After a safe parturition, another challenge for livestock 
producer is to produce healthy newborn lambs. Ruminant 
neonates rely entirely on colostrum and milk from their 
dam for survival (Stelwagen et al. 2009). Newborn rumi-
nants require a sufficient amount of colostrum within 48 h 
post-partum to survive (Stelwagen et al. 2009). The colos-
trum contains an important antibody which provides a de-
fense mechanism for newborn ruminants until their own 
immune system is established (Ahmad et al. 2000; Yilmaz 
and Kaşikçi, 2013). Furthermore, nutritional supplementa-
tion of dams can enhance the erythropoietic response and 
therefore improve offspring survival (Ahmad et al. 2000). 

The objective of this study was to compare the effects of 
diet quality fed during the pre- and post-weaning periods 
and existence of potential interactions between pre- and 
post-weaning diets on serum IGF-1 concentrations, skeletal 
size, lamb mortality, quantity and quality of colostrums 
production in Kurdish ewe lambs.  

  MATERIALS AND METHODS 
Hormonal drugs 
Controlled internal drug release (CIDR) with 300 mg of 
progesterone, a progestagen analogue (InterAg, Hamilton, 
New-Zealand), PMSG (folligon; Intervet International 
B.V., Boxmeer, the Netherlands), IGF-1 (LDN. Germany. 

LOT:150702) and progesterone (DiaMetra. Italy. LOT 
N:4026) were used. 

Locations, animals and treatment schedule 
This study was performed at Nomadic Management De-
partment, Ilam Province, Iran (33˚ 5´ N, 46˚ 27´ E) from 
January 2013 to December 2015. All procedures involving 
animal care and management were approved by the Univer-
sity of Zanjan Animal Care Committee (proposal no. 
1169739). A total of 40 clinically health Kurdish female 
lambs (30±8.6 d and weighing 10.2±3.4 kg) were used in 
this experiment.  

At 30 d of age, lambs were randomly housed together 
with twice daily access to their mother milk and to one of 
two supplemental dietary treatments to achieve either high 
or low rates of BW gain during two consecutive periods of 
30 to 120 (pre-weaning period) and from 121 to 210 d of 
age (post-weaning period). They were kept in individual 
pens (1×2 m) for 3 consecutive days every 2 weeks for re-
cording dry matter intake (DMI). 

In pre-weaning period the lambs fed high quality diet 
(HQD, n=20) or low quality diet (LQD, n=20) and at the 
weaning time HQD and LQD fed lambs were re-
randomized. So that one half of lambs from each group 
randomly allocated to HQD or LQD. So there were four 
treatment groups (n=10) in post-weaning period: HQD pre- 
and post-weaning (H-H); HQD pre- weaning and LQD 
post- weaning (H-L); LQD pre- weaning and HQD post- 
weaning (L-H) and LQD pre- and post- weaning (L-L, con-
trol group).  

The HQD and LQD were formulated according to nutri-
ent requirements for small ruminants (NRC, 2007) recom-
mendations covered the energy and protein needs for a 20 
kg growing lamb with an average daily gain of 200 and 100 
g/d, respectively. The HQD and LQD contained 2.50 and 
2.02 Mcal ME/kg DM and 14.9 and 8.9% CP (DM basis), 
respectively. Rations were totally hand-mixed for each pen 
and offered in equal proportions twice daily at 09:00 and 
16:00 in pre- and post-weaning period. Ingredients and 
chemical composition of the experimental diets are shown 
in Table 1. 

Estrous synchronization and pregnancy diagnosis 
When ewe lambs reached 210-d-old, estrus was induced 
and synchronized by CIDR. Animals were treated with 
CIDR for 14 d and were injected with 500 IU PMSG at the 
time of CIDR withdrawal. Twenty four hours after CIDR 
withdrawal, all of ewe lambs were monitored for estrus 
detection by 5 intact fertile rams and were ultimately natu-
rally bred. The rams remained with the ewe lambs until the 
termination of estrous signs.  
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After serving, all ewe lambs were kept together in the 
same nutritional and managerial conditions and reared in 
pasture until 2 weeks before expected parturition. Preg-
nancy diagnosis was determined by using of trans-
abdominal ultrasound (Piemedical, Falco 100; Netherlands) 
at 60 d after serving. 

 
 

 
 
 
 
 

Data collection and calculation 
The body weight (BW), body length (BL), heart girth (HG), 
wither height (WH), hip height (HH) and hip width (HW) 
were measured every 2 weeks from 30 to 210 d of age. WH 
and HH were measured by using of vertical graduated rod, 
BL, HG and HW by tape measure. BW was measured every 
2 weeks from 30 to 210 d of age. Feed offered and feed 
refusals of individual pens were weighed and recorded 
daily and DM content of total mix ration (TMR) and orts 
were determined to estimate DMI. ME and CP intake were 
calculated as DMI from each diet multiplied by their ME 
and CP contents, respectively (NRC, 2007). DM, CP and 
ether extract (EE) of experimental diets were measured 
according to the methods of AOAC (1995). The neutral 
detergent fiber (NDF) was measured according to the 
method described by Van Soest et al. (1991) without α-
amylase and sodium sulfite and was expressed exclusive of 
residual ash. Non-fibrous carbohydrates (NFC) content was 
calculated according to NRC (2001) dairy cattle model as: 
100 - (CP+ NDF+ EE +ash).  

Milk intake by ewe lambs was measured by the weigh-
suckle-weigh method (WSW) in 3 consecutive days every 2 
weeks from the start of study to weaning (30-120 d). At the 
start of WSW method at each suckling occasion (twice 
daily), ewe lambs were weighed, allowed to suckle the ud-
der of their dams and weighed again immediately after 

suckling. The difference between pre- and post-suckling 
weights was defined as milk intake. After lambing, ewe 
lambs were hand milked twice daily throughout lactation 
and milk yield was recorded at each milking for the entire 
lactation (two months). On each milking occasion, ewes 
were milked by hand after intravenous injection of 1 IU 
synthetic oxytocin. Milk samples of dams and ewe lambs in 
subsequent lactation were collected in 3 consecutive days 
every 2 weeks and analyzed for fat, protein and lactose by 
using of Milk-O-Scan 133B (Foss Electric, Hillerod, Den-
mark). Milk protein, fat and lactose yields were calculated 
by multiplying milk yield from the respective day by pro-
tein, fat and lactose contents of the milk for each ewe. Milk 
gross energy (GE) was calculated as: GE= ((0.0547×CP 
%)+(0.0929×fat %)+(0.0395×lactose %)) according to 
NRC (2001). The mean metabolize ability of the ewe milk 
GE is 0.94 (Treacher and Caja, 2002), therefore, milk ME 
content was calculated as GE × 0.94.  

Energy corrected milk (ECM) and fat corrected milk 
(6.5% FCM) were calculated as ECM= (0.327×kg milk) + 
(12.95×kg fat) + (7.2×kg protein) and FCM= milk yield × 
(0.37+(0.097×fat %)). 

Blood sampling 
Before the first meal of the day, blood samples (5 mL) were 
collected by jugular venipuncture from each lamb every 2 
weeks from 90 d of age until puberty (age at puberty was 
assessed by serum concentrations of progesterone when 2 
consecutive blood samples contained at least 1 ng of pro-
gesterone/mL). Hence, samples were centrifuged for 15 min 
(3000 rpm), sera were separated into 1.5 mL micro tubes 
and then placed in freezer (-20 ˚C). Serum samples were 
tested for progesterone and IGF-1 by ELISA method. Stan-
dard commercial kits were used for analysis and the proce-
dures were adopted as recommended by the manufacturer 
of these kits. 

Statistical analyses 
The data of pre-weaning parameters were subjected to sta-
tistical analysis by using of completely randomized des-
ign (CRD). Data were analyzed as a CRD in factorial ar-
rangement (2×2) by using of the mixed model procedure of 
SAS (2003) with fixed effects of treatment and random 
effects of lamb nested in treatments. 

(1) Yik= µ + Di + Lk(Di) + ε ik  

Where:  
Yij: dependent variable.  
µ: mean.  
Di: fixed effect of dietary treatment I.  
Lk(Di): effect of lamb k nested in the dietary treatment.  

Table 1 Ingredients and chemical composition of the experimental diets 

Pre- and post-weaning diets
Ingredients (%) 

HQD LQD

Alfalfa hay 445.1 - 

Wheat straw - 513.7 

Ground barley 445.1 428.1 

Soybean meal 59.3 - 

Calcium carbonate 5.9 6.8 

Salt 5.0 5.0 

Mineral and vitamin premix1 39.6 46.4

Composition 
DM (%) 916.0 919.0 

CP (%) 148.0 87.0 

EE (%) 58.0 22.0 

NDF (%) 285.0 450.0 

NFC (%) 466.0 371.0

ME (Mcal/kg) 2.50 2.02 
HQD: high quality diet; LQD: low quality diet; DM: dry matter; CP: crude protein; 
EE: ether extract; NFC: non-fiber carbohydrates and ME: metabolite energy. 
1 Each kg (DM basis) of mineral and vitamin premix contained: Ca 180 g ; P: 70 g; 
K: 35 g; Na: 50 g; Cl: 58 g; Mg: 30 g; S: 32 g; Mn: 5 g; Fe: 4 g; Zn: 3 g; Cu: 300 
mg; I: 100 mg; Co: 100 mg; Se: 20 mg; vitamin A: 400000 IU; vitamin D3: 
100000 IU and vitamin E: 245 IU.  
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ε ik: error. 

For repeated measure data, the model was: 

(2) Yijk= µ + Di + Timej + Di × Timej + Lk(Di) + ε ijk 

Where:  
Timej: effect of time j as a fixed effect. 

Measurements obtained before administration of dietary 
treatments were used as covariates. The covariates were 
removed from the model one at a time, starting with the 
least significant. LSM, SEM and P-values are reported. 
Statistical differences were considered significant when 
(P<0.05) and trends are discussed when (P<0.01). 

  RESULTS AND DISCUSSION 
Accelerating the growth of sheep has the potential to in-
crease the profitability by reducing the time need from birth 
to first lambing, subsequently reducing feed, labor, housing, 
and other costs associated with raising replacement ani-
mals. Kurdish ewe is the most popular indigenous dairy 
breed of sheep in west of Iran. Its main characteristics are 
high prolificacy and high milk yield. Considering the high 
genetic potential of Kurdish sheep it is important to ensure 
that appropriate management practices are implemented in 
their intensive production systems. 

Intake and growth 
Table 2 shows feed intake and skeletal growth (as measured 
by body weight (BW), body length (BL), heart girth (HG), 
wither height (WH), hip height (HH) and hip width (HW)) 
measurements by treatment between 30 and 210 d age. The 
HQD treatment increased DMI and BW compared with the 
LQD treatment during pre-weaning period (P<0.01). Lambs 
of H-H sequence had higher DMI, ME and CP compared 
with lambs of H-L, L-H and L-L treatments at post-
weaning period with no interaction of periods (P>0.05). 

BL was increased by 39 and 31 cm by HQD and LQD 
treatments, respectively and HG was increased by 24 cm by 
HQD and 19 cm by LQD treatment, during pre-weaning 
period (P<0.01). At 120 d of age, ewe lambs fed the HQD 
treatment had greater WH and HH than lambs on the LQD 
treatment (P<0.01).  

There were no differences among treatments in HW at 
weaning time. At 210 d of age, animals fed LQD during the 
pre-weaning period and HQD during the post-weaning pe-
riod (L-H sequence) had greater BL, WH, HH and HW than 
animals on the H-L sequence. Also at the end of experi-
ment, lambs on the L-H treatment had greater BL, HG, WH 
and HH than L-L sequence (P<0.01).  

Ewe lambs on the H-H and L-H treatments were taller at 
210 d of age than lambs on the H-L and L-L treatments 
(P<0.01). By comparing the pre- and post-weaning periods 
in the H-H sequence, BL increased by 35 cm during pre-
weaning period, while it raised only 12 cm during post-
weaning period. A part from the HW, the trend was the 
same for other measured parameters. Pre-weaning skeletal 
growth rate was more than three times the growth rate post 
weaning. Some parameters like shoulder height and shoul-
der width grow at a slower rate than body length, but again 
these measurements had highly linear correlation with live 
body weight (Greyling and Taylor, 1999). Results of the 
present study indicated that the ewe lambs fed the HQD 
would gain faster than ewe lambs fed the LQD in both BW 
and skeletal size. Skeletal growth rate of H-L group was 
lower than L-L group during post-weaning period, but final 
skeletal size of H-L sequence was higher than L-L se-
quence, showing the importance of pre-weaning plane of 
nutrition. Our experiment results showed that more than 
80% of pre-pubertal skeletal growth to maturity can be re-
lated to the pre-weaning period. With respect to higher 
skeletal growth rate, responses to diet quality will be de-
pendent on several factors including the capacity of the 
animal for skeletal growth, the quality of the diet and pro-
tein with respect to meeting the animal's mineral and amino 
acid needs for increased bone synthesis. Mature skeletal 
size is determined by genetic potential, but quality of diet 
and feeding plane can result in animals achieving that ge-
netic potential earlier or being retarded in growth (Owens et 
al. 1993). However, in some experiments (Radcliff et al. 
1997; Van Amburgh et al. 1998) increased energy or a 
combination of energy and protein decreased skeletal size 
in ruminants. Since the rate of protein and mineral deposi-
tion decreases with age, the response will diminish as the 
animal matures. Based on the results of the current study 
the HQD diet was more effective during the early parts of 
the study than the mature lambs. As expected, we observed 
that that skeletal compensatory growth during post-weaning 
period can be compensating for losses caused by poor nutri-
tion during this period. The most important functions of 
IGF-1 in relation to the skeletal system include its stimulat-
ing effect on longitudinal bone growth, proliferation and 
differentiation of chondrocytes in the growth plate, cortical 
bone formation, proliferation and differentiation of os-
teoblasts and type I collagen synthesis (Kanbur et al. 2005). 
Tatara (2008) was reported that the anabolic response of 
biochemical markers of bone formation at both these devel-
opmental stages of animals was analogous to the changes in 
serum concentration of IGF-1 induced by the pre-weaning 
treatment of lambs with HQD, great importance of somato-
trophic axis function is in the regulation of bone metabo-
lism and skeletal system development.  
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Reproductive performance 
The L-L treatment was removed from the statistical analy-
sis of reproduction performance, because of eight animals 
of this treatment were not pregnant. The rate of pregnancy 
H-H, H-L, L-H and L-L treatments were 100, 50, 70 and 
20%, respectively (Table 3). Normal gestation length for 
sheep is between 144 and 152 days, and also according to 
results of Echternkamp and Gregory (1999), factors linked 
to gestation length were retained placenta, age of the dam, 
and sex of the lamb. There were differences in lamb birth 
weights between three groups (Table 3). Age at puberty, 
age at first lambing, safe and successful parturition at a 
younger age, stress, optimal nutrition, breed and geographi-
cal region are important traits concerning overall reproduc-
tive performance. 

However, 3.6 kg by L-H sequence is relevant to 7 lambs 
and 2.7 and 2.8 kg by H-H and H-L groups are relevant to 
10 and 5 lambs, respectively (Table 3). In general, at the 
mating time, animals that have sufficient weight, struggle 

 

 

 

 

 

 

 

 

less to reach their mature weight and bring the nutrients to 
the fetus. Lambs birth weight of H-H sequence was lower 
than in other treatments (Table 3). It seems that more than 
80% of mature weight by the age of 7 months has a nega-
tive effect on lambs’ birth weight. The incidence of lambs 
mortality was higher in L-H sequence (43%) compared 
with H-H (20%) and H-L (40%) treatments, which may be 
due to the higher birth weight of lambs of the treatment. In 
spite of good HW of dams, animals of H-H sequence 
showed dystocia and lower lambs’ birth weight (Tables 2 
and 3). Small pelvises in ewes are associated with high in-
cidences of dystocia, high prenatal ewe and lamb mortality 
rates and poor lifetime rearing performance of ewes 
(Hartwig, 2002). High birth weights have been associated 
with increased dystocia in ewe bearing single lambs and 
young ewes are more susceptible to lambing problems than 
mature ewes that have lambed previously (Anderson, 1992; 
Hartwig, 2002). Growing animals on a low nutrient diet 
have clearly resulted in an increase in dystocia.  

Table 2 Effect of pre- and post-weaning plane of nutrition on intake and skeletal growth of ewe lambs (30-210 d of age)

Item Pre-weaning treatments Item Post-weaning treatments 

HQD LQD 

HQD LQD 

H-H H-L L-H L-L 

n 20 20 n 10 10 10 10

Intake Intake 

DM (kg/d) 0.97 0.64 DM (kg/d) 1.54 1.21 1.31 0.87

Fresh milk intake (kg/d) 1.11 1.18 ME (Mcal/d) 3.85 2.42 3.27 1.76

ME intake (diet+milk, Mcal/d) 3.49 2.44 CP (g/d) 228 104 194 76

CP intake (diet+milk, g/d) 187.4 103 Puberty age (d) 123 245 168 267

Body weight Body weight 

30 d (kg) 10.04 10.2 - - - - -

120 d (kg) 31.20 22.50 121-210 d (g/d) 138 31 153 57 

30-120 d (g/d) 235 136 210 d (kg) 43.8 33.9 36.3 26.6

Body length Body length 

30 d (cm) 93.7 90.6 - - - - - 

120 d (cm) 132.9 122 121-210 d (cm/d) 0.13 0.003 0.19 0.03 

30-120 d (mm/d) 4.4 3.5 210 d (cm) 145 133.2 138.9 124.8 

Heart girth Heart girth 

30 d (cm) 55.6 53.3 - - - - - 

120 d (cm) 80 72.5 121-210 d (cm/d) 0.101 0.016 0.09 0.03 

30-120 d (mm/d) 2.7 2.1 210 d (cm) 89.1 81.5 80.5 74.9 

Wither height Wither height 

30 d (cm) 44.3 43.9 - - - - - 

120 d (cm) 59.4 55 121-210 d (cm/d) 0.07 0.03 0.11 0.04

30-120 d (mm/d) 1.67 1.2 210 d (cm) 66.5 63 65 59.2 

Hip height Hip height 

30 d (cm) 46.4 45.6 - - - - -

120 d (cm) 61.8 57.2 121-210 d (cm/d) 0.07 0.03 0.11 0.04

30-120 d (mm/d) 1.71 1.3 210 d (cm) 68.1 64.8 67.4 60.4

Hip width Hip width 

30 d (cm) 16.8 15.8 - - - - -

120 d (cm) 22 21.8 121-210 d (cm/d) 0.06 0.02 0.05 0.01 

30-120 d (mm/d) 0.6 0.6 210 d (cm) 27.5 23.9 26.2 22.8 
HQD: high quality diet; LQD: low quality diet; H-H: HQD pre and post-weaning; H-L: HQD pre-weaning and LQD post-weaning; L-H: LQD pre-weaning and HQD post-
weaning and L-L: LQD pre and post-weaning (control). 
DM: dry matter; CP: crude protein and ME: metabolite energy. 
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Overfeeding animals causes internal fat deposits which 
obstruct the pelvic canal. All managers, however, must 
maintain a balance between achieving maximum frame 
growth without allowing excessive fat deposits. Fat animals 
will have high incidences of dystocia just as severely as 
underdeveloped animals (Wilson and Rossi, 2006). 

The mortality rates in H-H, H-L, L-H and L-L sequences 
were 0%, 40%, 0% and 100% respectively (Table 3). High 
mortality of L-L and H-L groups may be related to their 
difficult parturition. Environmental factor such as season of 
birth is responsible for approximately 55% of dystocia 
(Anderson, 1992). Survival lambs were less in L-L and H-L 
groups and this situation may be due to poor mother ewes 
and low colostrum produced of these mothers (Table 3). 
Newborn lambs from H-L group with a lower birth weight 
tended to be weaker and therefore to have more trouble 
suckling adequate amounts of colostrum to provide suffi-
cient levels of antibodies in their blood for initial immune 
protection, which is in accordance with report of Ahmad et 
al. (2000) in Pak-Karakul sheep.  

In their study, they found that maternal body status is 
more effective than the parturition position on lamb sur-
vival, so that dystocia had little impact on H-H and L-H 
groups lamb survival. 

The provision of an adequate amount of high quality ma-
ternal colostrum is essential for the health and survival of 
neonatal lambs. Quantity of colostrum and fat percentage in 
colostrum did not respond to pre-pubertal plane of nutrition 
(P>0.05), but colostrum protein percentages in H-H se-
quence showed tendency to rise (Table 3) which might be 
related to higher concentrations of serum total protein (the 
results have not reported) in ewe lambs fed H-H sequence. 
The quantity and quality of colostrum can be influenced by 
various factors including breed, lactation number, age, 
health status, nutrition, body condition score at parturition 

and genetics, as well as environmental factors (Hart et al. 
2009).  

  CONCLUSION 
Based on the results of the current study, most skeletal 
growth in Kurdish lambs was taken place in pre-weaning 
period and strongly influenced by pre-pubertal plane of 
nutrition. The results also showed that adequate skeleton 
size in Kurdish ewes is needed in minimizing the lambs’ 
mortality associated with parturition. However, further re-
searches are needed to evaluate the effects of nutrition and 
mobility on dystocia and lambs’ mortality in first parturi-
tion. 
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Nutritional Value, Fourier Transform Infrared 
Spectroscopic Molecular Structures, Mycotoxines 
and Heavy Metals Concentration of Un-Ripe, Ripe 
and Sun- Dried Fruit from ‘Sultana’ Grapevine for 
Ruminants  

 

 

  INTRODUCTION 
 

Grapes were among the first fruit species to be domesti-
cated and today is the most economically important fruit 
crop in the world (Keller, 2010). Grapevines are planted on 
approximately 7.3 million hectares worldwide producing 
approximately 67 million metric tons of fruit in 2007. Iran 
is one of the major grapevine growers in the world with 

215000 ha producing 2.15 million tons of fruit (FAO, 2009) 
and Malayer is the leading grapevine growing areas 
(Hamedan province) of Iran, with about 11200 ha grape-
vines (Karimi and Ershadi, 2014). ‘Sultana’ (synonym 
White Kishmish) is one of main grapevine cultivars planted 
in Malayer, which produces seedless fruit and raisins that 
are mainly exported as raisins or locally sold fresh for hu-
man consumption (Karimi and Ershadi, 2014). The over-

1,2*

Grapes and grape-derived products have worldwide importance due to its consumption by human, however, 
they may also be used for ruminant feeding when their price or quality is low. The objectives of current 
study were to determine the nutritive value, in terms of chemical composition, in vitro rumen gas produc-
tion kinetics and predicted nutrient supply, Fourier Transform Infrared Spectroscopic (FTIR) molecular 
structures and mycotoxin and heavy metal contaminants in un-ripe, ripe and sun-dried (raisin) fruits of ‘Sul-
tana’ grapevine for ruminants. Un-ripe fruit had higher nitrogen to total carbohydrate ratio and total phenol 
and tannin concentration (P<0.05) than ripe and sun-dried grapevine, and tended to have higher vibration 
spectroscopy peak area related to phenolic compounds and related to structural carbohydrates than ripe and 
sun dried fruit. Raisin had higher in vitro cumulative gas production at 24 h of incubation (P<0.05). Afla-
toxin B1, B2, G1 and G2 and Ochratoxin A were not detectable in un-ripe and ripe grapevine fruit, while 
low concentrations were found in raisin (P<0.05). The lead concentration was lower in un-ripe fruit and 
raisin than in ripe fruit (P<0.05). In conclusion, phenolic compounds and tannins, mycotoxins and heavy 
metal concentration in un-ripe and ripe fruits and raisin of Sultana’ grapevine were lower than toxic level 
for animal nutrition and nutrient profile and availability of the grapevine products make it a suitable feed to 
replace forage in the diet of ruminants. 
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supply of grapevine products (e.g. fruit) or low quality or 
contaminated (e.g. mycotoxins and heavy metals) grapevine 
and raisin products not suitable for the human market are 
usually used for domestic ruminant feeding (Besharati 
Taghizadeh, 2009). However, no information was found in 
literature regarding nutritive value, plant secondary com-
pounds and contaminants in un-ripe, ripe and sun-dried 
(raisin) ‘Sultana’ grapevines for ruminants. This informa-
tion is essential for ration formulation and for safe feeding 
of these products to ruminants. Nutritive value and plant 
secondary compounds in grapevine products likely change 
with phenological stage, berry development and fruit ripen-
ing. Berry development and ripening in grapevine consist of 
three main phases being early fruit development, lag phase 
and berry ripening. The duration of the early fruit develop-
ment phase is specific to individual cultivars and this phase 
ends simultaneously with the end of the herbaceous phase 
followed by a lag phase without fruit growth. Then a sec-
ond growth phase takes place, with the onset of ripening 
indicated by a change in grape berry skin colour called 
‘véraison’ in French. The largest changes in grape berry 
composition occur during this ripening phase (Boss and 
Davies, 2001). Chemical composition, molecular features 
and nutritive value of feeds for ruminants can be analysed 
by wet-chemical methods, in vitro gas production technique 
and Fourier Transform Infrared (FTIR) vibration spectros-
copy. 

Contamination of fruit with mycotoxins (secondary me-
tabolites of moulds) and heavy metals can occur during 
berry development, ripening and sun drying (to produce 
raisins) through management practices, weather conditions 
and ground contamination, which lower the product quality 
for local consumption and export. Mycotoxins and heavy 
metals can be hazardous to animal health (Besharati Taghi-
zadeh, 2009), therefore, their levels need to be determined. 
The objectives of current study were to determine the nutri-
tive value, in terms of chemical composition, in vitro gas 
production kinetics, predicted nutrient supply, FTIR mo-
lecular structures, and mycotoxin and heavy metal con-
taminants in un-ripe, ripe and sun-dried (raisin) fruits of 
‘Sultana’ grapevine. Our hypothesis was that the chemical 
composition, nutritive value, FTIR features and presence of 
mycotoxines and heavy metals in un-ripe, ripe and sun-
dried fruits of ‘Sultana’ grapevine would change with 
phenological stage and during product processing for raisin 
production. 

 

  MATERIALS AND METHODS 
Plant materials and grapevine sampling 
In this study, un-ripe and ripe fruit of grapevine were sam-
pled from 14 years old own-rooted ‘Sultana’ grapevines 

(Vitis vinifera) grown at four different vineyards (blocks) in 
the Malayer region (Malayer, Iran; lat. 34˚ 30´ N, long. 48˚ 
85´ E, alt. 1550 m). All vines were spaced 2.5 m apart in 
north–south-orientated rows that were 3 m wide. The vines 
were pruned when fruit spurs were at 5-6 buds, which oc-
curred in the middle of March, and vines were irrigated 
every two weeks.  

The sample collection was performed during the 2012 
growing season (dates and weather conditions in Table 1) at 
berry véraison (colour change and maturation nascent; i.e. 
un-ripe fruit), grape harvest (grape maturity; i.e. ripe fruit) 
and postharvest after sun drying (i.e. raisin). In each vine-
yard, 3 rows with 12 vines were used as replicates and 
about 36 grapevine clusters (at least 3 representative clus-
ters per vine) were randomly collected from different parts 
of grapevine: un-ripe (4×3×12×3), ripe (4×3×12×3) and 
sun-dried (4×3×12×3) harvest. The grapevine clusters from 
vines within each row were pooled to produce 3 samples (3 
rows) per vineyard. Fresh samples were packed in polyeth-
ylene bags and placed on ice in styrofoam boxes and 
shipped to the Laboratory. 
 
Raisin production process 
For raisin preparation, part of the ripe grapevine clusters 
harvested were dipped into a solution of potassium carbon-
ate and olive oil (90 g/kg K2CO3+1.5 g/kg olive oil). This 
operation preserves the vitamins and minerals in the grape, 
accelerates the grape drying process and gives the raisins 
the golden yellow colour. The treated grapevines were 
spread directly on the ground in the sun to dry for approxi-
mately 7-12 days according to the heat intension (Pala et al. 
1993). After drying, raisins were separated from the stalks 
and stored in fruit boxes.  
 
Chemical composition analysis  
Before chemical composition analysis and in vitro ruminal 
fermentation measurements, all samples (12=4 vineyards×3 
rows within vineyard) were dried at 50 ˚C to constant 
weight and ground to pass a 1 mm screen (Ghods miller, 
Ghods Company, Iran). Standard procedures described by 
the Association of Official Analytical Chemists (AOAC, 
10) were used to determine dry matter (DM; method 
930.15), ash (AOAC method 942.05), crude protein (CP; 
AOAC method 984.13) and ether extract (EE; AOAC, 
method 954.02).  

Neutral detergent fibre (NDF), assayed with heat stable 
alpha-amylase, and acid detergent fibre (ADF) were deter-
mined according to Van Soest et al. (1991) with the 
ANKOM A200 Filter Bag technique (Ankom Technology, 
Fairport, NY, USA). Sodium sulfate was used for NDF and 
ADF determination to remove nitrogen attached to cell wall 
structure.  
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Acid detergent lignin was determined by soaking the 

ADF filter bag residue in 72% sulphuric acid for 3 h fol-
lowed by washes with water (method 973.18; 10). All 
chemical analyses were performed in duplicate and re-
peated if error was higher than 5%. Non-fiber carbohy-
drates (g/kg DM; NFC= 1000 - (NDF+CP+EE+Ash)) and 
total carbohydrates [g/kg DM; CHO=1000-(CP+EE+Ash)] 
were calculated according to NRC (2001).  

Before total phenolics and tannin analysis, samples (4 
vineyards×3 rows within each vineyard=12) were ground 
through a 0.5 mm screen (Makkar, 2000). Total phenolic 
compounds were extracted from 200 mg dried samples in 
10 ml aqueous acetone water (700:300, v/v) at 4 ˚C over-
night.  

The samples were then centrifuged at 3000 g at 4 ˚C for 
15 min, and the supernatant (i.e. extract) used in the col-
orimetric Folin–Ciocalteu assay, as described by Singleton 
and Rossi (1965) with tannic acid (Merck GmbH, Darm-
stadt, Germany) as a standard. Total tannin was estimated 
indirectly after binding tannins in the supernatant of the 
phenolic extraction to insoluble polyvinyl-polypyrrolidone 
followed centrifugation at 3000 g at 4 ˚C for 15 min, and 
supernatant again used in the Folin–Ciocalteu assay. Con-
centration of total tannin was then calculated by subtracting 
phenolic compounds remaining in the supernatant after the 
polyvinyl-polypyrrolidone precipitation of tannins from 
total phenolic compounds (Singleton and Rossi, 1965). 
 
In vitro gas production and predicted nutrient supply in 
ruminants  
In vitro rumen incubations were performed using the semi-
automated gas production technique (Theodorou et al. 
1994; Rogerio et al. 1999) with buffered rumen fluid pre-
pared according to Menke and Steinglass (1988). Rumen 
fluid was collected before the morning feeding from four 
ruminally fistulated steers (482.5±22.5 kg, body weight) 
fed 9 kg DM/d (in g/kg DM; total mixed ration with 556 g 
barley silage, 300 g alfalfa hay, and 144 g dairy cow con-
centrate) twice daily in equal portions at the experimental 
farm of the Ferdowsi University of Mashhad (Mashhad, 
Iran) as described by Yari et al. (2014). 

 

 
 
 
 
 
 
 
 

 

Table 1 Weather conditions during sampling of un-ripe, ripe and sun-dried (raisin) Sultana grapevine in 2012

  
Feeding and animal husbandry of the steers were accord-

ing to procedures of the Iranian Council on Animal Care 
(ICAC; 1995) guidelines. After collection, ruminal contents 
were strained through four layers of cheese cloth, to elimi-
nate large feed particles, and transported to the laboratory at 
Ferdowsi University of Mashhad in a pre-warmed thermos.  

Each sample [3 samples per vineyard × 4 vineyards × 3 
products (un-ripe, ripe and sun-dried berries)= 36] was in-
cubated in triplicate vials (125 mL) with 10 mL of rumen 
liquid and 20 mL of buffer (Menke and Steinglass, 1988) 

for 96 h at 37.5 ˚C.  
Three vials with buffered rumen medium, without sam-

ple, were incubated to correct for gas release from the in-
oculum.  

Gas accumulated in the head-space of the vial was de-
termined using a pressure transducer (Razi Instruments, 
Mashhad, Iran) and head-space gas volume (Gp) was pre-
dicted by Boyle's Gas Law from pressure measurements as:  
 
GP= (Vh/Pa) × Pt 
 
Where:  
Vh: represents head-space volume (95 ml).  
Pa: represent atmospheric pressure (14.692 psi; Meteoro-
logical Office, Mashhad, Iran). 
Pt: represents pressure transducer reading (psi) (Theodorou 
et al. 1994; Rogerio et al. 1999).  
 

Head-space pressure readings were taken at 0, 2, 4, 8, 12, 
20, 24, 48, 72 and 96 h after the start of incubation. All 
incubations were repeated in two runs. The rate and extent 
of gas production were determined for each sample by fit-
ting gas production data over time to a nonlinear equation:  
 
Y= b(1-exp-ct)  
 
Where:  
Y: volume of gas produced at time t.  
b: asymptotic gas production.  
c: fractional rate of gas production (Ørskov and McDonald, 
1979).  
 

 Grapevine product1 

Un-ripe Ripe Sun-dried 
Items 

(n=12) (n=12) (n=12) 

Sampling date July 26 Sep 5 Sep20 

Max. temperature (˚C) 35.00 32.00 27.00 

Min. temperature (˚C) 18.00 12.00 10.00 

Relative humidity (%) 10.00 15.00 25.00 

Day length (h) 14:01 13:01  12:14 
1 n= 12; (4 vineyards×3 rows within vineyard). 
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Parameters b and c were calculated using the NLIN 
(nonlinear) procedure of SAS using iterative least-squares 
regression (SAS, 2003). Linear regression equations 
(Menke and Steinglass, 1988) were used to estimate organic 
matter digestibility (OMD, g kg-1)= 14.88 + 0.8893 × gas + 
0.0448 × CP + 0.0651 × ash and net energy for lactation 
(NEL; MJ kg DM-1= -0.22 + 0.1062 × gas + 0.0048 × CP + 
0.0132 × fat based on cumulative gas volume at 24 h of 
incubation (gas) and sample CP, fat and ash concentrations.  
 
Molecular spectroscopic study and spectral features 
All samples (4 vineyards×3 rows within vineyard=12 per 
grapevine product) were scanned by FTIR vibration spec-
troscopy using a JASCO FTIR-ATR-4200 (JASCO Corpo-
ration, Tokyo, Japan). Spectra were generated in the mid-
infrared spectra range from 4000 to 700 cm-1 in transmis-
sion mode. Quantitative analyses (peak area and height) of 
the molecular spectral were performed using JASCO soft-
ware. Typical spectra of the three grapevine products with 
different functional groups is presented in Figure 1. The 
spectral peak area, height and centre were identified for 
phenolic compounds at 3000-3730 cm-1 and 1700-1830 cm-

1, (Fernaandez and Agosin, 2007; Musingarabwi, 2015), for 
lipids at ca. 2790-3000 cm-1, for proteins at 1546-1703 cm-

1, for total carbohydrates at 920-1188 cm-1, and for struc-
tural carbohydrates at 1188-1496 cm-1 (Wetzel et al. 1998; 
Yu et al. 2004).  
 
Mycotoxines and heavy metals analysis  
Mycotoxines, aflatoxin B1, B2, G1 and G2 were deter-
mined according to ISIRI (No. 6872; Ref. 2012; ISIRI, 
2012a) and for Ocratoxin A (No. 9238; 2012; ISIRI, 2012b) 
according to AOAC (1995) and Romer et al. (1978) using 
HPLC method and immunoaffinity column clean up-Test 
method. Heavy metals were analysed according to proce-
dures in ISIRI standards (No. 12968; Ref. 2012; ISIRI, 
2012) based on AOAC (1995) . Number of samples used for 
mycotoxines and heavy metal analysis were 12 (4 vine-
yards×3 rows within each vineyard).  
 
Statistical analysis 
Data was analysed using PROC MIXED of SAS (2003) 
with the following statistical model: 
  
Yij= μ + Ti + Bj + eij 
 
Where:  
Yij: observation of the dependent variable ij.  
μ: fixed effect of population mean for the variable.  
Ti: fixed effect of treatment (i=3; un-ripe, ripe and sun 
dried fruit of grapevine).  
Bj: random effect of block (vineyard; j=4).  

eij: random error associated with the observation ij.  
 

For gas production values, triplicate vials per run per 
samples were averaged and the effect of run was included 
in the model as random effect. For all analysis, experimen-
tal replicates were three samples per block (i.e. vineyard) 
for each treatment (3 samples×4 vineyards×3 treat-
ments=36). The Fisher’s protected least significant differ-
ence test was used for multiple-treatment comparisons us-
ing the LSMEAN statement of SAS. For the different statis-
tical tests, significance was declared at P ≤ 0.05 and trend at 
P ≤ 0.15. 

 

  RESULTS AND DISCUSSION 
Chemical composition  
Raisin samples had higher dry matter (DM) concentration 
than ripe grapevine, which both had higher DM concentra-
tion than un-ripe grapevine (P<0.01) (Table 2). Nitrogen to 
CHO ratio (N:CHO), N to organic matter ratio (N:OM), 
total phenolics and total tannin (P<0.05) were higher in un-
ripe grapevine compared with ripe grapevine, and these 
constituent were lowest in raisin(P<0.05) (Table 2). None-
fibre carbohydrate and CHO concentrations were lower and 
ADF and acid detergent lignin (ADL) concentration were 
higher in un-ripe and ripe grapevine compared with raisin 
(P<0.05) (Table 2). Ripe grapevine had higher NDF con-
centration than un-ripe grapevine, which had higher NDF 
than raisin (P<0.01). Ether extract was similar among 
grapevine products.  
 
In vitro gas production and estimated nutrient supply in 
ruminants 
In vitro potential gas production (i.e. b) and rate of gas pro-
duction (i.e. c) were similar among the three grapevine 
products (Table 3).  

Cumulative gas production after 24 h of incubation was 
higher for un-ripe grapevine than for raisins, which were 
both higher than for ripe grapevine (P<0.05). Unripe grape-
vine tended (P≤0.10) to have a lower predicted organic 
matter digestibility and net energy for lactation than ripe 
and sun-dried grapevine.  
 
FTIR spectroscopic features  
The three grapevine products had similar FTIR molecular 
structures related to amides, aromatic compound bonds and 
total carbohydrate (Table 4). Ripe grapevine had lower 
peak area related to CH2 and CH3 symmetric and anti-
symmetric stretching compared with raisin and un-ripe 
grapevine (P<0.05). Un-ripe grapevine tended to have 
higher area related to phenolic compounds and tannins 
(P=0.15) compared with ripe grapevine.  
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Un-ripe grapevine tended to have higher peak height re-
lated to structural carbohydrate compared with raisin 
(P=0.15).  

FTIR molecular ratios were similar among grapevine 
products, except for CH2 and CH3 symmetric and anti-
symmetric functional groups related to lipids to phenolic 
compounds and tannins ratio, which tended to be higher for 
raisin compared with un-ripe and ripe grapevine (P=0.07) 
(Table 4). 
 
Mycotoxines and heavy metals 
Concentration of aflatoxin B1, B2, G1 and G2 and Ocra-
toxin A were lower in un-ripe and ripe grapevine than in  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Typical FTIR graph for un-ripe, ripe and sun-dried grape vine after baseline correction and normalization scale 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 Chemical composition of un-ripe, ripe and sun-dried (raisin) fruits Sultana grapevine 

raisins (P<0.01) (Table 5).  
All three grapevine product had similar cadmium concen-

trations, while lead concentration was lower in un-ripe 
grapevine and raisin than in ripe grapevine (P<0.05).  

 
Chemical composition 
Un-ripe and ripe grapevine and raisin are mostly used for 
human consumption, however, they may be used for animal 
feeding if fruit is physically damaged, contaminated with 
mycotoxins or other pollutant, or if the price is low. The 
chemical composition of ‘Sultana’ grapevine differed 
greatly among un-ripe, ripe and sun dried grapevine in this 
study.  

Grapevine product1   

SEM  P-value  Items  Un-ripe Ripe Sun-dried 

(n=12)  (n=12)  (n=12)  

Basic chemical composition (% of dry matter)  

< 0.01 0.401 84.95a 18.16b 13.45c Dry matter 

< 0.01 0.188 3.72c 4.94b 7.65a Crude protein 

Ether extract 2.60 2.02 1.92 0.622 0.71 

0.01 1.72 3.75b 33.64a 30.23a Acid detergent fiber 

< 0.01 1.84 2.3b 32.74a 29.92a Aacid detergent lignin 

< 0.01 2.05 4.8c 59.43a 45.75b Neutral detergent fiber 

< 0.01 2.36 85.02a 26.01b 37.02b Non-fiber carbohydrates 

0.03 0.757 89.82a 85.44b 82.77b Total carbohydrates 

Nitrogen to carbohydrate (CHO) and organic matter ratio (g/kg) 

< 0.01 0.41 6.62c 9.26b 14.78a N:carbohydrates 

< 0.01 0.399 6.24c 8.56b 13.15a N:organic matter 

Phenolic compounds (g/100 g of dry matter) 

0.02 0.414 0.87c 2.85b 6.51a Total phenol 

< 0.01  0.232  0.57c  2.34b  5.33a  Total tannin  
1 n= 12; (4 vineyards×3 rows within vineyard). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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The CP concentration decreased with increasing berry 

ripening, which was consistent with Vivin et al. (2003) who 
suggested that N containing compounds were diluted by the 
increased concentration of soluble carbohydrates with ad-
vancing berry ripening.  

Further, with advancing berry ripening, concentration of 
N commences to decline while it increases in magnitude in 
rachises with their lateral branches, peduncles and shoots. 
This translocation of N occurs to replenish the N pool of 
woody parts of grapevine for the re-growth of next year  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

(Wermelinger, 1991).  
The CP of grapevine products in the current study were 

in a similar range as found for raisin industry by-products 
(Yari et al. 2015a), but more than 50% lower than in wine 
industry rest-products (Alipour and Rouzbehan, 2007; 
Spanghero et al. 2009).  

Changes in FTIR molecular structures related to proteins 
(amid I+amid II) were previously found to be related to 
digestibility of proteins in ruminants (Damiran and Yu, 
2011; Yari et al. 2013).  

Table 3 Kinetics of ruminal fermentation of un-ripe, ripe and sun-dried (raisin) fruit of sultana grapevine measured by the in vitro gas production 
technique 

Grapevine treatment1 

P-value  SEM  Sun-dried 

(n=12)  

Ripe 

(n=12)  

Un-ripe  

(n=12)  

Items  

Kinetics of gas production1 

0.26 7.668 256.30 245.25 230.80 b (mg/0.2 g DM) 

0.09 0.0088 0.1040 0.1409 0.1591 c (/h) 

< 0.01 0.780 47.28a 44.60b 39.73c gas 24 (mg/0.2 g DM) 

Potential of nutrient supply in ruminants 

0.06  0.754  61.56  61.70 58.19  OMD (% DM)  

0.10  0.090  5.23  5.02  4.71  NEL (MJ/kg DM)  
1 n= 12; (4 vineyards×3 rows within vineyard). 
b: total potential gas production and c: rate of gas production.  
DM: dry matter; OMD: organic matter digestibility and NEL: net energy for lactation. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 4 Fourier Transform Infrared Spectroscopic (FTIR) spectroscopy molecular structures in un-ripe, ripe and sun-dried (raisin) fruit of sultana 
grapevine1 

Grapevine products2  

P-value  SEM  Sun-dried 

(n=12) 

Ripe 

(n=12) 

Unripe 

(n=12) 

Items  

FTIR molecular structures  

0.48  0.0037  0.015  0.013  0.021  Height  

0.50  0.590  1.80  2.97  2.32  Area  
Total carbohydrates 920 to 1188 cm-1  

0.35  0.00102  0.0075  0.010  0.0097  Height  

0.15  0.209  1.17  1.38  2.03  Area  
Structural carbohydrates 1188 to 1496 cm-1  

0.95  0.0001  0.01  0.01  0.01  Height  

0.89  0.1772  0.855  0.976  0.981  Area  
Amides 1546 to 1703 cm-1  

0.47  0.0022  0.010  0.007  0.012  Height  

0.90  0.1191  0.450  0.426  0.513  Area  
Aromatic combination bands 1700 to 1830 

0.42  0.001541  0.010  0.008  0.012  Height  

0.05  0.1232  1.165a  0.630b  1.261a  Area  
CH2 and CH3 symmetric and anti-
symmetric 2790 to 3000  

0.51  0.00312  0.0150  0.0133  0.0195  Height  

0.15  0.9945  6.725  4.713  8.394  Area  

O-H stretching and C-H stretching 
vibrations (phenolic compounds and 
tannins)  

Ratio between FTIR molecular structures  

0.49  0.1634  0.750  0.833  0.505  Amides: total carbohydrate   

0.35  0.2044  1.50  1.00  1.03  Amides: structural carbohydrate  

0.18  0.1253  0.500  0.833  0.489  Structural carbohydrate: total carbohydrate 

0.07  0.01173  0.1798  0.1266  0.1495  Lipids: phenolic compounds 

0.20  0.2534  1.5000  0.7000  1.1228  Lipids: structural carbohydrate  

0.80  0.1833  0.750  0.700  0.566  Lipids: total carbohydrate  

0.25 0.1414 1.000 0.700 1.100 Lipids: amides 
1 Lipids, CH2 and CH3 symmetric and anti-symmetric 2790 to 3000 cm-1. 
2 n= 12; (4 vineyards×3 rows within vineyard). 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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The FTIR proteins molecular structures were similar 
among grapevine products, which suggests that the type of 
protein and digestibility would be similar for the three 
grapevine products.  

This is different than for alfalfa hay where FTIR proteins 
molecular structures changed with advancing maturity of 
the forage harvested (Yari et al. 2013). The N:CHO and 
N:OM ratios declined from the un-ripe to ripe and sun-dried 
grapevine stages as a result of reduction in N and increase 
in both non-structural and total CHO, and these ratios were 
in a similar range as found for raisin industry by-products 
(Yari et al. 2015a).  

Fibre fractions (NDF and ADF) were lower and NFC 
higher in raisin compared with un-ripe and ripe grapevine. 
Fibre fractions and NFC in un-ripe and ripe grapevine were 
in a similar range as for wine industry rest-products 
(Alipour and Rouzbehan, 2007; Spanghero et al. 2009), 
while NDF and ADF were lower and NFC higher in raisin 
of the current study compared with values for raisin indus-
try by-products (Yari et al. 2015a). 
 
Plant secondary metabolites 
Phenolics like coumaric, caffeic, ferulic and vanillic acids 
are plant secondary compounds that are relatively simple, 
while others have more complex polymeric structures such 
as condensed tannins, which strongly contribute to the 
mouth feel, antioxidant activity, diet digestibility, ruminal 
N availability and anti-parasitic activity of grape products 
fed to animals (Corrales et al. 2008; Waghorn, 2008). Total 
phenolics and total tannins by wet chemistry and FTIR mo-
lecular structures related to phenolic compounds and tan-
nins reduced with maturation of grapevine, and with sun 
drying to generate raisins, in the current study, which was 
consistent with Vivin et al. (2003). Total phenolics and 
total tannins concentration in un-ripe berries were similar to 
values previously reported for raisin by-products (Besharati 
and Taghizadeh, 2009; Yari et al. 2015a) and winery rest 
products (Alipour and Rouzbehan, 2007; Spanghero et al. 
2009), while these were higher than in ripe berries and rai-
sins in this study. Small berries have higher tannin concen-
tration than large berries because the skin constitutes (frac-
tion which contains most of the tannins) a larger percentage 
of the berry mass (Wermelinger, 1991), which might ex-
plain the higher tannin concentration in un-ripe (i.e. smaller 
berries) grapevines.  
 
Gas production kinetics and predicted nutrient supply 
in ruminants  

Total gas production during in vitro incubation provides 
an indication of the fermentablity, digestibility and energy 
value of a diet for ruminants (Menke and Steinglass, 1988). 

Asymptotic gas production was numerically highest for 
raisin (Table 3 and Figure 2) among grapevine by-products 
and rate of gas production tended to be higher for un-ripe 
and ripe grapevine than for raisin. These values were in a 
similar range as previously found for raisin by-products 
(Yari et al. 2015b).  

The higher gas production in raisin (Figure 2) at different 
times of incubation and at 24 h may be due to much higher 
NFC, which is more fermentable than NDF (Menke and 
Steinglass 1988; Tavendale et al. 2005; Tefera et al. 2008), 
than in un-ripe and ripe grapevine. The lower 24 h gas pro-
duction of un-ripe fruit compared to ripe fruit might have 
resulted from their higher total phenolic and tannin concen-
tration, which can impair fermentation and gas production. 
In vitro gas production during different times of incubation 
(Figure 2) where similar for ripe and sun-dried grapevine, 
while both were higher than in un-ripe grapevine. The FTIR 
spectroscopy features of ripe and sun-dried grapevine, also, 
were similar in terms of most FTIR functional groups while 
being more different compared with unripe grapevine (Fig-
ure 1).  

Energy values (OMD and NEL) grapevine products in the 
current study were higher than of raisin by-products (Yari 
et al. 2015b) and winery rest products (Alipour and Rouz-
behan, 2007; Spanghero et al. 2009). The energy content of 
un-ripe grapevine was, however, lower than in ripe grape-
vine and raisin, which might be due to the higher NDF and 
total phenolics and tannins concentrations (which all in 
general reduce feed digestibility and therefore energy 
value) in un-ripe grapevine. Energy values of the grapevine 
products in the current study were in a similar range as for 
alfalfa hay and barley silage (NRC, 2001), which are for-
ages that are commonly fed to ruminants in Iran. Therefore, 
grapevine products tested in the current study can likely 
replace part of alfalfa hay or barley silage in the diet of ru-
minants.  
 
Mycotoxines and heavy metals  
Many fungi can grow and infect berries in the vineyard 
depending on the weather conditions (Pitt, 1993). Fungi 
most commonly grow on berries when the moisture of air is 
high, when the ambient temperature ranges between 20 to 
30 ˚C (Serra et al. 2006) and during maturation of fruit. 
Temperature and moisture conditions during growth of 
grapevine in the current study were not ideal for common 
fungi growth, which might explain why mycotoxines were 
not detected in un-ripe and ripe grapevine. This is different 
to Serra et al. (2006) who detected mycotoxin ochratoxin A 
(OTA) concentration in pea berries and OTA were found to 
differ among different grape cultivars and with advancing 
maturation stage.  
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Accessibility of fruit nutrient due to physical damage of 
berries during harvest might provide good conditions for 
fungal growth, which might explain why higher mycotoxi-
nes concentrations were found on raisins after sun-drying. 
Aspergillus and Penicillium species are commonly found 
on dried fruits, including grape products (Palumbo et al. 
2011). Raisin samples in the current study had an average 
OTA concentration of 1.875 ppb, which was lower than 
average OTA level of over 2 ppb and maximum value up to 
100 ppb reported for worldwide dried vine fruits (e.g., sul-
tanas, raisins) (Palumbo et al. 2011) and lower than maxi-
mum tolerable levels of mycotoxins in barley, maze and 
legumes for ruminants [respectively, 10, 5 and 5 ppb for 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 5 Mycotoxines and heavy metal concentrations in un-ripe, ripe and sun dried (raisin) fruits of sultana grapevine 
Treatments  

Items  SEM  P-value  Un-ripe Ripe Sun-dried 

(n=12)  (n=12)  (n=12)  

Mycotoxines (mg/kg of dry matter; ppm)  

Afl-B1  ND  ND 1.775  0.00433  -  

Afl-B2  ND ND 0.2355  0.00087  -  

Afl-G1  ND ND 1.775  0.00433  -  

Afl-G2  ND ND 0.2355  0.00087  -  

OTA ND ND  1.775  0.00433  -  

Heavy metals (mg/kg of dry matter) 

Cadmium 0.01863 0.01347 0.001469 0.01133 0.48 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
aflatoxin B1; 10 ppb for the sum of aflatoxin B1, B2, G1 
and G2; 50, 30 and 20 ppb for OTA (ISIRI 2002 confirmed 
by FAO, 2003; FDA, 2011)]. Mycotoxins are considered 
less toxic in ruminants than in simple stomach animals be-
cause microorganisms in the rumen can partially detoxify 
mycotoxins. 

Contamination of food with toxic heavy metals, such as 
cadmium, lead and mercury, can occur through for example 
rainfall, irrigation water, soil, traffic density, atmospheric 
dust etc., which can be absorbed through the leaf blades 
(Zaidi et al. 2005; Sobukola et al. 2010). The concentration 
of toxic heavy metals differs among plants species, which 
mainly depends on soil conditions and the ability of plants 

0.0001 0.06817 0.08548b 0.5966a 0.2054b Lead 
1 n= 12; (4 vineyards×3 rows within vineyard). 
Afl: aflatoxine; OTA: Ochratoxin A and ND: not detected. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

 

Figure 2 In vitro gas production pattern of un-ripe and ripe fruits and sun-dried (raisin) of Sultana grapevine 
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to selectively accumulate some metals (Divrikli et al. 
2006). Levels of lead in the current grapevine samples was 
in similar range as previously reported for fruits and vege-
tables bought on the open market (Radwan and Salama, 
2006), while cadmium levels were in general higher in 
samples of the current study than found by Radwan and 
Salama (2006), but still far below the maximum allowable 
cadmium level of 1 mg/kg set by the Joint FAO/WHO Ex-
pert Committee on Food Additives (FAO/WHO, 1999). 

 

  CONCLUSION 
Crude protein, non-fibre carbohydrates, structural carbohy-
drate, lignin, ash, total phenolics, total tannin content and 
the FTIR spectroscopic molecular structures such as pheno-
lic compounds and tannins, structural carbohydrates and 
lipids (CH2 and CH3 symmetric and antisymmetric func-
tional groups) differed among un-ripe, ripe and sun-dried 
(raisin) ‘Sultana’ grapevine. Mycotoxines contamination 
was detected only in raisin samples, which were lower than 
hazardous levels set for ruminant feeding. Ripe and sun-
dried grapevine (raisins) had higher predicted nutritive 
value than un-ripe grapevine. 
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In Silico Prediction of B‐Cell and T‐Cell Epitopes of 
Protective Antigen of Bacillus anthracis in  
Development of Vaccines Against Anthrax 

 

 

  INTRODUCTION 
Anthrax is known as an epizootic and zoonotic disease in 
domestics which could spread through spore transmission 
via ingestion, inhalation or an open skin wound; it could 
also affect the humans who are in contact with the infected 
animals and their contaminated products (Leppla et al. 
2002; Inglesby et al. 2002). Bacillus anthracis is a gram-
positive, facultatively anaerobic and rod-shape pathogen 
with two different plasmids named pXO1 and pXO2 (Brey, 
2005). PXO1 plasmid encodes toxin factors including pro-
tective antigen (PA) and two other catalytically active com-
ponents; lethal factor (LF) and edema factor (EF). Exotox-

ins production was mediated by binary combinations of 
these three regions (Stanley and Smith, 1961). Using prote-
olytic cleavage of PA into a 20-kDa amino-terminal frag-
ment and a 63-kDa polypeptide via furin (Gordon et al. 
1995) along with the formation of heptameric oligomers, B. 
anthracis can bind with the cellular receptors via PA which 
later translocate LF and EF into the cytosol with enzymatic 
activity. With the use of zinc ion, LF inactivates mitogen-
activated protein kinases (MAPKKs) which cause toxic 
shock and death (Vitale et al. 1998). EF factor, through 
high converting intracellular ATP into cAMP as an ade-
nylate cyclase, stimulate rate of the intracellular cAMP 
levels and finally leading to edema (Leppla, 1982). PXO2’s 

Protective antigen (PA), a subunit of anthrax toxin from Bacillus anthracis, is known as a dominant com-
ponent in subunit vaccines in protection against anthrax. In order to avoid the side effects of live attenuated 
and killed organisms, the use of linear neutralizing epitopes of PA is recommended in order to design re-
combinant vaccines. The present study is aimed at determining the dominant epitopes based on multi-
parameter and multi-method analysis. The epitopes were identified by the well-known online bioinformat-
ics server and then they were selected and compared based on the highest score and the highest repetition 
rate. Further analysis on predicted epitopes has been carried out by online VaxiJen 2.0 and Protein Digest 
server. Among the selected epitopes, those with the highest antigenicity score (>0.9 threshold) and less 
susceptibility to gastrointestinal tract proteases, were selected as final epitopes. Final B-cell predicted epi-
topes were amino acid residues 292-308, 507-521 and 706-719; residues 17-31, 315-329 and 385-400 
which were determined as the best major histocompatibility complex I (MHCI) class of T-cells epitopes; 
in addition, residues 455-464 and 661-669 were also considered the best MCHII class of T-cells epitopes. 
Since random coil structure had a high probability of protein forming of antigenic epitope, the results of 
secondary structure analysis of the final PA epitopes have shown that all these epitopes form a 100% ran-
dom coil structure.  

KEY WORDS  anthracis, epitope prediction, protective antigen (PA). 
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encoded capsules enhance virulence in vivo by inhibiting 
phagocytosis of the organism (Little and Ivins, 1999). It has 
been proved that a truncated recombinant of PA could 
stimulate a protective immune response to anthrax (Abboud 
and Casadevall, 2008; Flick-Smith et al. 2002). In animal 
studies it has been demonstrated that protective immunity 
against anthrax is associated with the induction of neutraliz-
ing anti-PA antibodies (Farchaus et al. 1998; Little et al. 
1997; Pitt et al. 2001). In recent researches, the purified 
recombinant PA (rPA) has been reported as an advanced 
anthrax vaccine. Therefore, PA with its four distinct do-
mains could be considered the best choice for epitope pre-
diction. Epitopes are specific sites of antigens as antigenic 
determinant which are classified into two major gropes; B-
cell (continuous and discontinuous) and T-cell (major his-
tocompatibility complex I (MHCI) and major histocom-
patibility complex II MHCII)) (Zhang et al. 2012). B- and 
T-cell epitopes of antigens can be identified and predicted 
using computational tools in order to design recombinant 
vaccines which are important in stimulation of antibodies.  
These predictor tools are as in-silico environment which are 
advantageous since they are inexpensive and noninfectious 
in vaccine designing, whereas viruses or bacteria could be 
harmful during experimental process. In contrast with the 
experimental methods which are costly and time-
consuming, these tools are cheap and available 
(Ponomarenko and Van, 2009). The present study is aimed 
to identify B-cell and T-cell epitopes of PA antigen in vac-
cine designing in order to counter against anthrax using 
molecular biology software which could reveal the domi-
nant epitopes of the protective antigen of B. anthracis.  

 

  MATERIALS AND METHODS 
Amino acid sequence of the protective antigen protein of 
B. anthracis 
Amino acid sequence of protective antigen protein of B. 
anthracis (Accession number: CAL49462) was obtained 
from GeneBank (http://www.ncbi.nih.gov/genbank/). PA 
protein is composed of 735 amino acid residues.  
 
Prediction of the secondary and tertiary structure of the 
PA antigen 
Different conformational states (helices, sheets, turns and 
coils) of PA antigen of B. anthracis protein were analyzed 
to predict the secondary structures using the improved self-
optimized prediction method (SOPMA) software 
(http://npsaApbil.ibcp.fr/cgiAbin/npsa_automat.pl?page=/N
PSA/npsa_sopma.html) (Geourjon and Deléage, 1995). 

The next step of augury of tertiary structure of PA 
antigen was accomplished using 3DLigandSite ligand  

 

banding sit prediction Server (http://www.sbg.bio.ic.ac.uk) 
(Wass et al. 2010). 
  
Servers and software used for epitope prediction  
Using in-silico softwares which have been listed in Table 1, 
the process of epitope prediction of PA antigen was carried 
out using antigen primary sequence. These softwares are 
designed for B-cell or T-cell epitopes and they use liner 
sequences of amino acids to determine antigenicity of hot 
spot regions, known as epitope region, and also to report 
them with different antigencity scores. 

In T-cell prediction softwares, parameters of each server 
were adjusted as follows; ‘MHC alleles (A-0101, A0201 
and B-2705 alleles for MHCI class and DRB1-0101, 
DRB1-0401 and DRB1-0401 alleles for MHCII class)’ and 
‘desired length’ of related epitopes. The remaining parame-
ters did not change. 
 
Characterization of epitopes 
The final predicted epitopes of B and T-cell were evaluated 
using VaxiJen 2.0 server, an alignment-independent predic-
tion of protective antigens. VaxiJen server classifies anti-
gens according to physicochemical properties of proteins 
without having recourse to sequence alignment 
(http://www.ddgApharmfac.net/vaxijen/VaxiJen/VaxiJen.ht
ml).  

The study on enzymatic digestion of final predicted epi-
topes PA protein has been done using 
(http://db.systemsbiology.net:8080/proteomicsToolkit/prote
inDigest.html) server. Mass (Da) and point of isoelectric 
(pI) of each predicted epitopes were determined using this 
Protein Digest server.  
 
Prediction of the secondary structure of the PA protein 
The secondary structure of PA protein encompasses four 
conformational states; helices, sheets, turns and coils, 
which were analyzed by the improved self-optimized pre-
diction method (SOPMA) software (https://npsa-
prabi.ibcp.fr/cgibin/npsa_automat.pl?page=/NPSA/npsa_so
pma.html) (Geourjon and Deléage, 1995).  

Required parameters for prediction of the secondary 
structure such as threshold and window width were set to 8 
and 17, respectively.  

Tertiary structure was conducted using iterative threading 
ASSEmbly refinement (I-TASSER) site 
(http://zhanglab.ccmb.med.umich.edu/I-TASSER) which is 
a hierarchical approach to protein structure and function 
prediction.  

And finally using PyMOLV1 Viewer software, the pri-
mary structure of the studied template from protein data-
base (PDB) format was analyzed and viewed.  
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  RESULTS AND DISCUSSION 
Prediction of the secondary structure of PA protein 
SOPMA software was used in order to identify some details 
of antigenic property of PA protein in its secondary 
structure. As it is shown in Figure 1, the number of 
extended strand, random coil and alpha helix were the most 
dominant region in PA protein (26.67, 35.65 and 26.26 
respectively).  

The existence of the extended strands and random coils 
in protein is the leading cause of the probability of protein 
formation as an antigenic epitope. 
 
Prediction of B-cell and T-cell epitopes for PA antigen 
B-cell and T-cell epitopes’ prediction of PA antigen has 
been done using online software listed in Table 1. The pre-
dicted epitopes were selected based on the highest score 
and the highest repetition rate from all the softwares’ out-
puts (data shown in supplementary file).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pre-final B-cell epitopes which had the most conserved 
sequences among all proposed epitopes are being listed in 
Table 3. It is worth mentioning that the software utilizes 
different scoring systems. Using different online software 
the predicted epitopes of MHCI (A-0101, A0201 and B-
2705 alleles) and MHCII (DRB1-0101, DRB1-0401 and 
DRB1-0401 alleles), as two separate classes of T-cell, were 
listed in Table 3. The high-scored regions which had a high 
potential, were selected as epitope region compared to all 
the other utilized softwares. The pre-final selection among 
T-cell epitopes was based on some sequences of epitopes 
which were presented in all MHCI as well as MHCII class 
alleles.  
 
Antigenicity and characterization of Protein Digest se-
lected epitopes 
Further analysis to assign the best epitopes for PA antigen 
continued using the final results of the previously men-
tioned online software.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Secondary structure prediction results for the PA protein. An increased number of extended strands and random coils in the protein corre-
sponded with an increased likelihood of the protein forming an antigenic epitope  
Lines in different colors represent different secondary structures: blue, α helix; green, β turn; red, extended strand; and purple, random coil  
Lines in different colors represent different secondary structures: blue, α helix; green, ß turn; red, extended strand; and purple, random coil 
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Antigenicity of the selected epitopes was determined 

along with the enzyme digestion position of each epitope 
using VaxiJen 2.0 and Protein Digest servers.  

Epitopes mentioned in Table 3 were first filtered by the 
VaxiJen software with 0.5 threshold, and then scored more 
than 0.5 threshold and also checked for determination of 
their mass (Da), pI and enzymatic digestion (Table 3). Final 
B-cell predicted epitopes, based on the high score of anti-
genicity and maximum number of undigested enzymes, 
have been highlighted and ranged in 292-308, 507-521 and 
706-719 amino acids (Table 3). 

More investigations were carried out through determin-
ing the characterization of final MHCI and MHCII T-cell 
predicted epitopes. As it has been shown in Table 3, amino 
acids sequences in 17-31, 315-329 and 385-400 regions are 
the most suitable epitopes for MCHI class, and amino acids  
sequences in 455-464 and 661-669 range are the best ones 
for MCHII class of T-cells, according to their high VaxiJen 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Bioinformatics software that used in present study 

Servers Description Link 

T-cell epitopes prediction 

IEDB SVM and ANN-based method for prediction  

 
 
 
 
 
 
 
 
 
 
 
 
score and the maximum number of undigested enzymes. 
 

Prediction of the tertiary structure of PA protein 
The tertiary structure of PA protein is predicted by I-
TASSER server (http://zhanglab.ccmb.med.umich.edu/I-
TASSER) and viewed by PyMOL Viewer software. This 
result demonstrated that our final predicted epitopes are 
exposed and located on the surface of the protein as it is 
shown in Figure 3; the red spheres represent the potential 
B-cell epitopes, the green spheres indicate stronger poten-
tial of MHCI class epitopes of T-cells, the blue spheres is 
related to MHCII class epitopes of T-cells and finally the 
white spheres represent the remainder of the protein. 
Vaccine production based on live attenuated or killed or-
ganisms has long been criticized for its side effects; how-
ever, with the use of newly developed technique in fourth 
generation of recombinant DNA technology, vaccine pro-
duction has been conferred by using some immunogenic 
component pathogens.  
 

mhci/org.immuneepitope.tools://http 

A database of MHC ligands and peptide motifs; predictive server for 
MHC binding peptide 

SYFPEITH  de.syfpeithi.www://http 

NetMHC ANN-based method for prediction of HLA  NetMHC/services/dk.dtu.cbs.www://http 

NetCTL Prediction of T-cell epitope  NetCTL/services/dk.dtu.cbs.www://http 

PropredI Predict MHC class I binding peptides 1propred/raghava/in.res.imtech.www://http  

Propred Predict MHC class II binding peptides  propred/raghava/in.res.imtech.www://http

B-cell epitopes prediction 

Physio-chemical properties of amino acids based predictive server for 
linear B-cell epitope 

Bcepred  bcepred/raghava/in.res.imtech.www://http 

ABCpred ANN based predictive server  abcpred/raghava/in.res.imtech.www://http 

Predictor of linear B-cell epitopes using a combination of a hidden 
Markov model and a propensity scale method 

BepiPred  BepiPred/services/dk.dtu.cbs.www://http

Prediction of linear B-cell epitopes using amino acid pair antigenicity 
scale and string kernels 

BCPred bcpreds/edu.iastate.cs.ailab://http   

Predictor of linear B-cell epitopes using Support Vector Machine 
(SVM) 

SVMTrip SVMTriP/edu.unl.sysbio://http  

upport Vector Machine Scell epitopes using -Prediction of linear B
LEPS  tw.edu.ntou.cs.leps://http

classification and Amino Acid Propensity 

Physio-chemical properties of amino acids based predictive server for 
linear B-cell epitope 

IEDB  input_iedb/bcell/tools/org.immuneepitope.tools://http

Table 2 Training bioinformatics software that used in present study*

Antigen  Predicted epitopes Experimental epitopes Reference  

-315
Yamaguchi et al. (1996)  316-326  

, 290-275, 185-178, 92-78, 42-28
545-526, 440-430, 

GroEL1 of Yarsinia 
336 

-523, 370-357, 227-210, 92-78, 67-40
640-609

2 Vizcaino et al. (1997)  617-637 Dnak  of Brucella 
, 537 

Wang et al. (2014)   

Cassaratro et al. (2005) 
48-74 182-175, 127-122, 73-46Omp313 of Brucella , 28-25 

4 Tabatabai et al. (1994)  75-86, 136-150, 149-162 165-147, 153-134, 86-70, 50-44 SOD  of Brucella 
1 Heat shock protein 60.  
2 Heat shock protein 70.  
3 Outer membrane 31.  
4 Sodium oxide dismutase. 
* Similar epitopes between predicted epitopes using bioinformatics tools and experimental studies were specified by bold and were underline. 
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Table 3 Antigenicity ability of predicted epitopes using Vaxijen server and Protein Digestion analysis of pre-final B-and T-cell epitopes* 
Final B-cell predicted epitopes 

Sequence V.J score Mass pI Undigested enzyme 

3KQENRLLNESESSSQG19 1.0122 1902.99 4.79 Chymotrypsin, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, AspN 

35VTSSTTGDLSIPSSELENIP55 0.7880 2047.20 3.57 Trypsin, Chymotrypsin, Clostripain, IodosoBenzoate, Trypsin_K, Trypsin_R, 

70KVKKSDEYTFATSADNHVTM90 0.9250 2272.51 6.75 
Clostripain, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, 

Trypsin_R 

99KASNSNKIRLEKGRLYQIKI118 1.1331 2359.80 10.56 Cyanogen_Bromid, IodosoBenzoate, Proline_Endopept, AspN 

115QIKIQYQREDPTEKGL131 0.9824 1946.19 6.18 Cyanogen_Bromid, IodosoBenzoate 

155ELKQKSSNSKKRRS168 2.0535 1675.91 11.17 Chymotrypsin, Cyanogen_Bromide,IodosoBenzoate, Proline_Endopept, AspN 

167RSTSAGPTVPDRDNDG187 0.8526 1644.68 4.43 
Chymotrypsin, Cyanogen_Bromide, IodosoBenzoate, Staph_Protease, 

Trypsin_K, Chymotrypsin(modified) 

241GRIDKNVSPEARHPLVAAYP261 0.6977 2190.49 8.60 
Clostripain, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, 

Trypsin_R 

274NEDQSTQNTDSQTRTISKNTSTSRTHTSEVHGNAE308 1.6135 3862.91 5.48 
Chymotrypsin, Cyanogen_Bromide, M IodosoBenzoate, Proline_Endopept, 

Chymotrypsin (modified) 

292NTSTSRTHTSEVHGNA308 1.7064 1698.73 6.92 
Chymotrypsin, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, 

Trypsin_K, AspN, Chymotrypsin (modified), 

422NAQDDFSSTPITMNYN438 0.6708 1817.90 3.56 Trypsin, Clostripain, IodosoBenzoate, Staph_Protease, Trypsin_K, Trypsin_R 

465ENGRVRVDTGSNWSEVLPQI485 0.5150 2256.46 4.68 Cyanogen_Bromide, Trypsin_K, 

507AVNPSDPLETTKPDM521 0.5455 1614.79 4.03 
Trypsin, Chymotrypsin, Clostripain, Cyanogen_Bromide, IodosoBenzoate, 

Trypsin_K, Trypsin_R 

511SDPLETTKPDMTLKEALKIA531 0.8427 2201.56 4.78 Chymotrypsin, Clostripain, IodosoBenzoate, Trypsin_R, 

530AAVNPSDPLETTKPDMTLKE550 0.8128 2157.42 4.54 Chymotrypsin, Clostripain, IodosoBenzoate, Trypsin_K, Trypsin_R 

542YQGKDITEFDFNFDQQTSQN561 1.4173 2425.51 3.84 
Clostripain, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, 

Trypsin_R, 

688YISNPNYKVNVYAVTKENTI707 0.7403 2330.62 8.38 Clostripain, Cyanogen_Bromide, IodosoBenzoate, Trypsin_R, AspN 

706TIINPSENGDTSTN719 1.2134 1462.49 3.67 
Trypsin, Chymotrypsin, Clostripain, Cyanogen_Bromide, IodosoBenzoate, 

Trypsin_K, Trypsin_R, Chymotrypsin (modified) 

705NTIINPSENGDTSTNGIKRI725 0.8542 2144.33 6.07 
Chymotrypsin, Cyanogen_Bromide, IodosoBenzoate, Chymotrypsin 

(modified) 

Final T-cell predicted epitopes (MHCI class) 
Sequence V.J score Mass pI Undigested enzyme 

1EVKQENRLLNESESSS16 0.7739 1848.94 4.49 Chymotrypsin, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept 

17GLLGYYFSDLNFQA31 0.8413 1607.78 3.80 
Trypsin, Clostripain, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, 

Staph_Protease, Trypsin_K, Trypsin_R 

111GRLYQIKIQY121 1.8157 1281.52 9.70 
Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, Staph_Protease, 

AspN 

123EDPTEKGLDFKLYWTDS129 1.1810 2044.20 4.11 Clostripain, Cyanogen_Bromide, Trypsin_R, 

153LPELKQKSSNSKKRRS168 2.0389 1886.18 11.17 Chymotrypsin, Cyanogen_Bromide, IodosoBenzoate, AspN, 

163SKKRRSTSAGPTVPDRD179 0.6143 1858.04 10.90 
Chymotrypsin, Cyanogen_Bromide, IodosoBenzoate, Staph_Protease, 

Chymotrypsin (modified) 

268NIILSKNEDQSTQNTD283 1.0858 1819.90 4.27 
Chymotrypsin, Clostripain, Cyanogen_Bromide, IodosoBenzoate, 

Proline_Endopept, Trypsin_R, 

315DIGGSVSAGFSNSNS329 0.8265 1398.41 3.80 
Trypsin, Clostripain, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, 

Staph_Protease, Trypsin_K, Trypsin_R, AspN 

385LGKNQTLATIKAKENQ400 0.7593 1757.02 9.70 
Chymotrypsin, Clostripain, Cyanogen_Bromide, IodosoBenzoate, 

IodosoBenzoate, Proline_Endopept, Trypsin_R, AspN 

563NIATYNFENGRVRV576 0.8575 1652.83 8.75 Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, Trypsin_K, AspN, 

637KILSGYIVEI647 0.7649 1134.38 6.00 
Clostripain, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, 

Trypsin_R, AspN 

644VEIEDTEGLKEVINDRYD684 0.8462 2137.28 4.08 Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept 

687YISNPNYKVNVYAV700 1.0997 1643.86 8.43 
Clostripain, Cyanogen_Bromide, IodosoBenzoate, Staph_Protease, Trypsin_R, 

AspN 

691NPNYKVNVYAVTKENT706 0.9906 1854.05 8.43 Clostripain, Cyanogen_Bromide, IodosoBenzoate, Trypsin_R, AspN 

700AVTKENTIINPSENGDTSTNGI721 0.9138 2275.41 4.14 
Chymotrypsin, Clostripain, Cyanogen_Bromide, IodosoBenzoate, Trypsin_R, 

Chymotrypsin (modified) 

Final T-cell predicted epitopes (MHCII class) 
Sequence V.J score Mass pI Undigested enzyme 

118QYQREDPTEKGLDFKLYWTDSQNKKEVISSDNLQ152 1.0003 4104.46 4.66 Cyanogen_Bromide 

168TSAGPTVPDRDNDGIPDSLEVEGYT193 0.7173 2605.71 3.66 Cyanogen_Bromide, IodosoBenzoate, Trypsin_K, 

413APIALNAQDDFSSTPITM433 0.5277 1892.11 3.56 
Trypsin, Clostripain, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, 

Staph_Protease, Trypsin_K, Trypsin_R,  

455YGNIATYNF464 1.1019 1062.15 5.52 
Trypsin, Clostripain, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, 

Staph_Protease, Trypsin_K, Trypsin_R, AspN, 

533NEPNGNLQYQGKDITEFDFNFDQQ558 0.9275 2861.97 3.77 Clostripain, Cyanogen_Bromide, IodosoBenzoate, Trypsin_R, 

640GYIVEIEDTEGLKEV654 0.8338 1693.87 3.91 
Clostripain, Cyanogen_Bromide, IodosoBenzoate, Proline_Endopept, 

Trypsin_R, 

661MLNISSLQQ669 0.54001 1033.21 5.28 
Trypsin, Chymotrypsin, Clostripain, IodosoBenzoate, Proline_Endopept, 

Staph_Protease, Trypsin_K, Trypsin_R, AspN, 

686LYISNPNYKY695 0.9188 1274.44 8.43 
Clostripain, Cyanogen_Bromide, IodosoBenzoate, Staph_Protease, Trypsin_R, 

AspN,  

701TKENTIINPSENGDTSTNGIKRIL725 0.6127 2615.88 5.85 Cyanogen_Bromide, IodosoBenzoate, Chymotrypsin (modified) 
* Bold and highlighted sequences related to final selected epitopes based on higher score of antigencity given by Vaxyjen and more undigested enzyme. 
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Selecting a proper antigens, rational adjuvant design and 

a good delivery system are the most important factors in a 
successful vaccine designing approach (Yang et al. 2013). 
Using developed bioinformatics tools in epitopes prediction 
which are based on multi-parameter and -method analysis 
methods, designing a dominant epitope through epitope 
prediction process seems to be more accurate and signifi-
cant (Li et al. 2013).  

In order to examine the functionality of the software used 
in this study, a comparison of the experimental epitopes of 
four antigens submitted in ideb server 
(http://www.iedb.org) with the results of epitope prediction 
of the selected antigens, has been done using bioinformati-
cal tools (Yousefi et al. 2015). As it is demonstrated in Ta-
ble 2, the reported experimental results overlap those out-
puts predicted by Bioinformatical tools. 

The empirical epitopes in subunit vaccines are too costly 
and need molecular biology and immunological technolo-
gies. In this respect, in a study (Forouharmehr and Nassiry, 
2015) B and T-cells epitopes, secondary and tertiary struc-
tures, and antigenicity prediction of P40 protein of my-
coplasma agalactiae bacteria were analyzed using alterna-
tive online softwares. 

 

 
 
 
 
 
 
 

  

 
 
 

Figure 2 Final predicted epitopes  
Yellow arrows represent B-cell epitopes: 292-308, 507-521 and 706-719 amino acids residual, red arrows represent T-cell (MHCI class) epitopes: 17-31, 
315-329 and 385-400 amino acids residual, blue arrows represent T-cell (MHCII class) epitopes: 455-464 and 661-669 amino acids residual 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 Tertiary structure of local situation of predicted epitopes in the PA protein  
Red spheres are the B-cell epitopes, the green ones are the MHCI class of T-cell epitopes and the blue ones related to MHCII class of T-cell epitopes 
White spheres are the remainder part of PA protein 

 
And possible antigenic epitopes and their immunogenic-

ity of predicted peptides were determined. Another research 
on epitope prediction belongs to Yousefi et al. (2015) 
which concentrate on the most desirable epitopes of 
OMP25 antigen of Brucella melitensis bacteria. In that 
study they used a wide range of on-line epitope prediction 
software and reported the most probable epitopes with high 
antigenicity and less restriction site for enzyme digestibil-
ity. In the current study, B and T-cell epitope prediction of 
PA antigen of B. anthracis has been conducted using well-
known online epitope prediction servers.  

As it is shown in Figure 2, final B and T-cell epitope pre-
diction suggested three epitopic region for B cells, three 
epitopic region for MHCI T-cells and two for MHCII T-
cells. Kaur et al. (2009) have identified three main regions; 
ID-I: 604-622, ID-II: 626-676 and ID-III: 707-723 residues 
as B-cell epitopes through BCPred, BcePRED servers; 
these regions are not the same as the predicted B cell epi-
topes in this study. Random coil regions, which are located 
on the surface, are essential in binding ligands, since they 
are both exposed and hydrophilic.  

The high rate of random coil structures implies to most 
protein-forming antigenic epitopes (Li et al. 2013). 
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Through secondary analysis of final predicted epitopes, 
our findings revealed that all of our final predicted B cell 
epitopes contain 100% random coil structure, the same as 
MHCI and MHCII T-cell predicted epitopes. Consequently, 
these recommended epitopes (due to the suitable random 
coil structure) could be exposed to protein surface, making 
them appropriate candidates to be used in recombinant sub-
unit of vaccines epitope with stronger antigenicity. In order 
to prevent degradation and decomposition of epitopes dur-
ing antigen processing, epitopes with less restriction site of 
proteosomal should be selected (Toes et al. 2001). 

Subsequently, the predicted B and T-cell epitopes have 
been analyzed based on the presence of enzymatic restric-
tion sites. The results have demonstrated that some en-
zymes such as Trypsin, Clostripain, CyanogenBromide, 
IodosoBenzoate, Proline_Endopept, Staph_Protease, Tryp-
sin_K, Trypsin_R and AspN, which are the central enzymes 
responsible for protein degradation, have no restriction sites 
in the final selected epitopes. Hence it could be concluded 
that these epitopes can be used not only in injective vac-
cines but also in oral ones. Bioinformatic analysis revealed 
that these epitopes have more antigenic effect on the body 
via their highest persistence in gastrointestinal tract and by 
avoiding enzyme digestion. 

 

  CONCLUSION 

Finally, it can be concluded that, since the using recombi-
nant vaccines has many advantages over the use of killed or 
live attenuated bacteria, the identification of epitopic zones 
of pathogenic bacteria and their use in the sub-unit vaccines 
consist of multiplex epitopic, can be an important step in 
creating a safe immunity in animals and humans. In the 
case of anthrax bacteria, based on the results obtained in 
this study, the use of final predicted areas with the highest 
immunogenic scores through bioinformatics processes can 
be a good alternative to initiating experimental experiments 
against this bacterium. 
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Longissimus Dorsi Muscle of Kids, Lambs and Calves 
Produced under Iranian Transhumant Production 
System 

 

 

 

  INTRODUCTION 
 

Transhumant production system (TPS) is practiced in Iran 
predominantly in the Zagros mountains where livestock are 
mainly raised in a pasture-based feeding (Badripour, 2004). 
The annual migration of nomads’ takes place from moun-
tainous cold rangelands towards the warmer plains at the 
beginning of autumn, with the reverse movement in the 
spring. In transhumant system animal husbandry, the stock 
comprise on average 48% sheep, 47% goats, 3% cattle and 
2% draught animals (Badripour, 2004). Nomadic and trans-

humant pastoralists own 13.6, 8.3 and 0.25 million heads 
sheep, goats and cattle, respectively and they produces 
about 20% of red meat production (e.g. 800 thousand met-
ric ton) in the country (Organization for Nomadic People of 
Iran, 2008). Red meat production under extensive systems 
(such as TPS) is different from that of intensive production 
systems in many aspects including management, breeds, 
feeding regimes, animal activity, and environmental condi-
tion (Zervas and Tsiplakou, 2011). In TPS, ruminants are 
usually finished on diets containing high proportions of 
green forages which might produce meat with more desir-

Transhumant production system (TPS) is a type of extensive livestock production practiced by transhumant 
pastoralists in which indigenous livestock breeds are mainly fed a pasture-based diet. The hypothesis tested 
in this work was whether differences existed between fat samples from the different species in respect to 
ratios of n-6/n-3, and polyunsaturated fatty acids to saturated fatty acids. To test our hypothesis, fatty acids 
(FAs) composition of the longissimus dorsi muscle of kids (n=10), fat-tailed lambs (n=10), and calves 
(n=10) produced in a pasture-based system were determined. All animals were indigenous intact male and 
randomly selected from nomads in the Zagros mountains (Noorabad, Lorestan province). The live body 
weight of kids, lambs and calves were 21 ± 6, 27 ± 4, and 158 ± 35 kg respectively. Meat samples were 
analyzed either without (lean meat) or mixed with 30% of sirloin subcutaneous fat (fat meat). Results 
showed that saturated FAs (as percentage) in kids meat was lower than those in lambs and calves (41.4 vs. 
46.2 and 47.4% P=0.02). Kid meat had higher α-linolenic (C18:3 n-3), eicosapentaenoic acid (C20:5 n-3), 
docosapentaenoic acid (C22:5 n-3), but lower undesirable FAs (C16:0+C14:0) and n-6/n-3 ratio in com-
parison with lambs and calves. In conclusion, goat meat produced under TPS conditions, compared with 
lambs and calves, showed more promising healthy source of FAs for human nutrition. 

KEY WORDS  omega‐3, red meat, ruminants, transhumant pastoralists. 

A. Kiani1*, M.H. Gharoni2 and R. Shariati3

1 Department of Animal Science, Faculty of Agricultural Science, Lorestan University, Khoramabad, Iran
Iran, Khoramabad, ersityLorestan Univ ,Veterinary Medicine of Faculty, Department of Veterinary Science 2

3 Research and Development Section, Garrin Dam Simorg, Khorramabd, Iran  

*Correspondence E‐mail:
 
kiani.a@lu.ac.ir 

20

__________________________ WORLD TECHNOLOGIES __________________________

mailto:kiani.a@lu.ac.ir
http://www.ijas.ir/


WT

  
  

able fatty acids compositions than that of intensive produc-
tion systems (Fincham et al. 2009; Daley et al. 2010; 
Howes et al. 2015). 

Red meat is a good dietary source of essential amino ac-
ids, minerals, vitamins, and fatty acids (FAs) (Williams, 
2007), however, its consumption is under question mainly 
due to unbalanced ratio of n-6 to n-3 FA, and ratio of poly-
unsaturated FA (PUFA) to saturated FA (SFA) (Binnie et 
al. 2014). These unhealthy nutritional facts of red meat 
could be to some extent improved by dietary inclusion of 
green grass in animal daily ration (French et al. 2000; 
Nuernberg et al. 2005; Fincham et al. 2009). There are op-
portunities in extensive production systems in which rumi-
nants are fed green forage in which enhancement of desir-
able FAs compositions might occur (Nuernberg et al. 2005; 
Talpur et al. 2008; Fincham et al. 2009; Ponnampalam et al. 
2014; Howes et al. 2015; Kiani and Fallah, 2016). In TPS, 
ruminants are finished on diets containing high proportions 
of green forages, thus they might produce meat with more 
desirable FAs compositions. To our knowledge, informa-
tion on fatty acid composition of red meat produced in Ira-
nian transhumant production system practicing by nomads 
is lacking. The hypothesis tested in this work was whether 
differences existed between fat samples, with respect to n-
6/n-3, and PUFA/SFA ratios, from the goats, sheep and 
cattle reared under TPS. To test our hypothesis, we chose 
the longissimus dorsi (LD) muscle to compare FAs compo-
sition and ratios of n-6/n-3 and PUFA/SFA in kids, lambs, 
and calves produced under TPS. 

 

  MATERIALS AND METHODS 
Animals and meat samples 
In total, 30 intact indigenous male animals including 10 
Lori goat kids, 10 fat-tailed lambs, and 10 Lori calves; all 
reared in a pasture-based feeding system by nomads were 
randomly selected. All animals had free access to their 
dams’ milk even when they were able to graze. The animals 
had grazed on the same natural ranges at least for two 
months prior to slaughter day. The ranges were located at 
Zagros Mountains, near Noorabad, Lorestan province, Iran 
(34 °02'34.8"N, 48 °17'53.0"E). Predominant plant species 
of the grazed ranges were ryegrass (Lolium perenne), clover 
(Trifolium spp.), and other legumes (such as Astragalus 
spp.). Kids had free access to green leaves of oak trees 
(Quercus brantii). Slaughter age for lambs and kids were 
5.5 ± 1 and for calves were 8 ± 2 months. Live body weight 
(Mean±SD) of the animals averaged 21 ± 6, 27 ± 4, and 
158 ± 35 kg for kids, lambs and calves, respectively. All 
animals were slaughtered in a commercial processing plant 
(Gholshan Abbattoir, Khoramabad, Lorestan) according to 
the Halal procedure. Slaughter procedure was approved by 

the Animal Ethics Committee of Lorestan University. Meat 
samples (about 30-50 g) were taken from the loin portion of 
longissimus dorsi (between ribs 12th and 13th) muscles on 
the left side of the carcasses. Samples were cut off within 2 
h after slaughter and were chilled t +4 ˚C for 24 h. Meat 
samples were divided into two sub-samples; either without 
subcutaneous fat (lean meat) or mixed with 30% sirloin 
subcutaneous fat of each animal(fat meat). Samples were 
ground by means of a food processor (3×5 s), and stored at 
-80 ˚C pending analysis. 
 
Lipid extraction and methylation 
Fatty acid methyl esters (FAME) were determined using the 
procedures described by (Sukhija and Palmquist, 1988) 
with some modification. Briefly, 0.1 g of meat sample was 
weighed (0.0001 g, KERN, Germany) and then was freeze 
dried. Sample was then placed into screw cap Pyrex culture 
tube (16×125 mL, Scott glass tube). One mL of heptane 
was added and mixed. After that, 0.2 mL of sodium methy-
late (25%) was added, and the tube was put in a 50 ˚C water 
bath for 10 min. Sample was then cooled for about 5 °C and 
3 mL of freshly made methanolic HCl 10% (prepared by 
adding 20 mL of acetyl chloride to 100 mL of anhydrous 
methanol) was added to the sample and the tube was shaken 
vigorously. The tube was put in steam bath (90 ˚C) for 30 
min and then the tube sample was cooled with ice. Finally, 
one mL of heptane and three mL of potassium carbonate 
10% was added and mixed for one minute using a shaker. 
The sample was centrifuged (Centrifuge 5415 R; Rotofix 
32A, Germany) at 300 g for 5 min. Heptane phase (upper 
phase) was transferred to the GC vial (1.5 mL) using Pas-
teur pipette. 
 
Determination of fatty acid composition 
Fatty acid methyl esters were analyzed using a GC (GC-
FID; HP 6890 chromatograph, Hewlett-Packard, Avondale, 
PA, USA) fitted with a flame ionization detector. The GC 
was equipped with a Chrompack CP-Sil 88 TM fused silica 
capillary column (100 m×0.25 mm i.d., 0.2 mm film thick-
ness; Varian Inc., Walnut Creek, CA, USA). The injector 
and detector temperatures were maintained at 280 ˚C and 
300 ˚C, respectively. Initially, the column temperature was 
held at 150 ˚C for 5 min and then increased at 5 ˚C min−1 to 
180 ˚C (held for 30 min), then increased at 1 ˚C min−1 to 
190 ˚C (held for 5 min) and finally increased at 1 ˚C min−1 
to 200 ˚C (held for 35 min). Hydrogen was used as the car-
rier gas at a flow rate of 1.0 mL min-1. Identification of 
common FAs was accomplished by comparison of sample 
peak retention times with those of FAME standard mixtures 
(SupelcoTM37 component FAME Mix, Supelco-47885-U, 
Sigma-Aldrich Chemie GmbH, Germany) and by using 
published chromatograms obtained under similar analytical 
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conditions. Result for each FA was expressed as percentage 
of total FAME. 
 
Statistical analysis 
Data were analyzed using the MIXED procedures in SAS 
Software (SAS, 2008). The model considered the fixed ef-
fects of meat species (kids, lambs, and calves) and meat 
type (lean meat vs. fat meat) and the interaction effects. 
Non-significant interactions were excluded from the model. 
For all statistical analyses, significance was declared at P ≤ 
0.05 and trends at P ≤ 0.10, unless otherwise stated. The 
Fisher’s protected least significant difference (LSD) test 
was used for multiple treatment comparisons using the 
LSMEANS with letter grouping obtained using SAS 
pdmix800 macro (Saxton 1998). The residual analysis was 
carried out to test the model assumptions using the UNI-
VARIATE procedure with NORMAL and PLOT options. 

 

  RESULTS AND DISCUSSION 
Fatty acid characterizations of red meat produced un-
der TPS 
The major FAs of red meat produced in TPS were oleic 
acid (C18:1), stearic acid (C18:0) and palmitic acid (C16:0) 
irrespective of the species (Table 1). Stearic and palmitic 
acid values were numerically similar to those reported in 
concentrate fed ruminants (Enser et al. 1996; Banskalieva 
et al. 2000; Wood et al. 2008).  

Red meat produced in TPS had relatively less SFAs and 
more oleic acid (C18:1) than those reported in concentrate 
fed ruminants (Enser et al. 1996; Banskalieva et al. 2000; 
Wood et al. 2008). Under TPS condition, animals are gen-
erally fed with green forages. Linolenic acid (7 to 37 g), 
linoleic acid (2 to 10 g), and palmitic acid (3 to 8 g) con-
tribute to the 90% of FAs in forages (Clapham et al. 2005). 
Fatty acids of dietary forages are hydrogenated in the ru-
men, causing a decrease in linolenic acid and an increase in 
monounsaturated FAs (MUFAs) (Jenkins et al. 2008; 
Fincham et al. 2009). 

In the present study, n-6/n-3 ratio in meat produced under 
TPS was notably lower than those reported for forage-fed 
and concentrate-fed ruminants.  

The low n-6/n-3 ratio in LD muscle found in animals un-
der TPS was mainly due to higher percentage of n-3 fatty 
acids compared to other reports. For instance, Lori goat 
reared under TPS in comparison with Pateri goats (Paki-
stani breed) under traditional feeding system (Talpur at al. 
2008) produced meat with almost two-fold higher ALA 
(C18:3 n-3), eicosapentaenoic acid (EPA, C20:5 n-3), and 
docosapentaenoic acid (DPA, C22:5 n-3). In general, inclu-
sion of high quantity of green  

forages in ruminant diet positively increased amounts of 
ALA, and EPA in meat (Nuernberg et al. 2005; Bas et al. 
2005; Fincham et al. 2009). Pasture finishing animals pro-
duced higher quantities of n-3 fatty acids; consequently 
improved both the PUFAs/SFAs and n-6/n-3 ratios in com-
parison with concentrate-fed animals (reviewed by Howesb 
et al. 2015). The meat of cattle grazed on pasture had 
higher amount of ALA and lower linolenic acid (LA; C18:2 
n-6) compared to meat from concentrate-fedcattle (Daley et 
al. 2010). French et al. (2000) reported that beef cattle on 
pasture had higher amount of omega-3 FAs, consequently 
better ratio of n-6/n-3 compared to concentrate-fed ones. 
Low n-6/n-3 ratio in meat is nutritionally important charac-
ter because of its relationship with cardiovascular disease 
mortalities (Simopoulos, 2006). The n-6/n-3 ratio in a 
healthy diet should be kept below 4.0 (Simopoulos, 2006). 
Long chain fatty acids such as EPA and DHA have been 
given much attention due to their biological potency and 
that they are beneficial to human health. In present study, 
red meat produced under TPS showed relatively high con-
centrations of EPA, DHA, and DPA suggesting an alterna-
tive source for these important FAs. These findings were in 
agreement with other reports suggesting that finishing ani-
mals in green forage diets enhanced the long chain FAs 
composition in meat (Howes et al. 2015). Therefore, some 
fatty acid characteristics of red meat produced under TPS 
such as relatively high concentrations of EPA, DHA, and 
DPA deserve further investigations. 
 
Lean meat versus fat meat 
Irrespective of the species, lean meat had higher percentage 
of myristic acid (C14:0), LA, ALA, arachidonic acid (AA; 
C20:4 n-6), EPA, and DPA than fat meat (Table 1). Lean 
meat had higher PUFAs, n-6 FAs, n-3 FAs, and higher ratio 
of PUFAs/SFAs than fat meat (Table 2). However, no sig-
nificant differences were found between lean and fat meat 
in respect to the unhealthy FAs, SFAs, and ratio of n-6/n-3 
(Table 2). Furthermore, lean meat showed higher PU-
FAs/SFAs ratio than fat meat (0.35 vs. 0.18). The value of 
PUFAs/SFAs found in lean meat produced under TPS con-
ditions was very close to that of desirable value (i.e. >0.4) 
in a healthy diet (Simopoulos, 2006). The higher PU-
FAs/SFAs ratio in lean red meat compared to fat meat 
might be explained by a low capacity of storing long chain 
FAs in adipose tissue of ruminants (Wood et al. 2008). In 
general, adipose tissue has less phospholipid, but more 
triglycerides than does muscle tissue. Phospholipids contain 
10 times more LA and 8 times more ALA than triglyc-
erides, whereas triglycerides have higher contents of 
palmitic acid, stearic acid, and oleic acid compared to 
phospholipids (Scollan et al. 2006; Wood et al. 2008). 
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Comparisons among three species (kids vs. lambs and 
calves) 
Red meat of kids showed several nutritional merits over the 
meat of lambs and calves. Sum of SFAs in kids’ meat was 
lower than that in lambs and calves (Table 2). Lower SFAs 
in kids could be partly explained by higher bio-
hydrogenation in goats compared to the other ruminants. 
Tora et al. (2016) reported an interspecies variation in ru-
men microbiota and rumen biohydrognation between dairy 
goats and cows. They reported more rumen biohydrogna-
tion and higher SFAs concentration (in particular, 16:0 and 
18:0) in rumen fluid of goats compared with cows. How-
ever, in the present study, kid meat had significantly lower 
palmitic acid (C16:0) than both calves and lambs (Table 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Kids had the lowest unhealthy FAs (C16:0+C14:0) and 
the highest desirable FAs (C18:0, C18:1, C18:2, C18:3, 
C20:5 and C22:5) among the three species. The content of 
desirable FAs in kids’ meat in the present study (76%) was 
in range of reported 61 to 81% (Banskalieva et al. 2000). 
Stearic acid contributed to 43%, 37% and 34% of sum of 
SFAs in kids, lambs, and calves meat, respectively. Stearic 
acid is known to have neutral effect on diet–related disease 
risk (Hunter et al. 2010; Katan et al. 1994). In fact, undesir-
able FAs and SFAs increased plasma cholesterol concentra-
tion (Grundy and Denke, 1990; Katan et al. 1994; Astrup et 
al. 2011). Therefore, high stearic acid and low undesirable 
FAs in kid meat are considered as healthy nutritional mer-
its. 

Table 1 Fatty acids composition (percentage of total fatty acids) of longissimus dorsi muscle either without (lean meat) or with subcutaneous fat (fat 
meat) in indigenous kids, lambs and calves produced under the same transhumant production system 

Species Type meat 
Items

Kids Lambs Calves 
SEM P-value 

Lean meat Fat meat   
SEM P-value 

Lauric acid (C12:0) 0.32 0.35 0.17 0.11 0.50 0.29 0.27 0.10 0.88 

Myristic acid (C14:0) 1.77b 2.62ab 3.22a 0.27 < 0.01 2.83 2.24 0.18 0.01 

Palmitic acid (C16:0) 20.0b 23.5a 26.0a 0.78 < 0.001 23.0 23.2 0.66 0.84 

Margaric acid (C17:0) 1.18 2.06 1.16 0.27  0.06 1.13 1.81 0.23 0.07 

Stearic acid (C18:0) 17.7 16.9 16.1 1.22 0.66 16.2 17.6 1.5  0.19 

Myristoleic acid (C14:1 n-9 cis) 0.11b 0.69a 0.05b 0.11 < 0.01 0.33 0.23 0.08 0.27 

Palmitoleic acid (C16:1 n-9 cis) 2.30ab 1.51b 3.10a 0.40 0.05 1.77 2.84 0.26 < 0.01 

Palmitoleic (C17:1 n-9 cis) 0.63 0.76 0.91 0.25 0.73 0.70 0.83 0.16 0.38 

Oleic acid (C18:1 n-9 cis) 39.8a 39.8a 35.1b 1.38 0.01 36.1 40.4 1.06 0.05 

Linoleic acid (C18:2 n-6 cis) 4.55 5.10 6.53 0.87 0.28 7.19 3.60 0.68 < 0.01 

α-Linolenic acid (ALA; C18:3 n-3 cis) 1.81a 0.78b 0.69b 0.16 < 0.001 1.24 0.95 0.11 0.04 

Arachidonic acid (AA; C20:4 n-6) 2.04 1.82 1.63 0.44 0.81 2.76 0.90 0.37 < 0.01 

Eicosapentaenoic acid (EPA; C20:5 n-3) 1.37a 0.41b 0.25b 0.18 < 0.01 0.85 0.50 0.12 0.02 

Docosapentaenoic acid (DPA; C22:5 n-3) 1.44a 0.49b 0.56b 0.19 < 0.01 1.12 0.54 0.14 < 0.01 

Docosahexaenoic acid (DHA; C22:6 n-3) 0.26 0.24 0.10 0.08 0.27 0.28 0.11 0.06 0.07 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means.  

Table 2 Means of unhealthy, saturated, unsaturated and the ratio of n-6/n-3 fatty acids of longissimus dorsi muscle either without (lean meat) or with 
subcutaneous fat (fat meat) of indigenous kids, lambs, and calves produced under the same transhumant production system 

Species  Type meat 
Items

Kids  Lambs Calves 
SEM P-value 

 Lean meat Fat meat   
SEM P-value 

Unhealthy fatty acids (C14:0 + C16:0) 24.0b 27.6b 32.4a 1.22 0.001  27.1 28.9 0.92 0.14 

Saturated fatty acids (SFAs) 41.4a 46.2b 47.4b 1.35 0.02  43.6 46.4 1.08 0.08 

Monounsaturated fatty acids (MUFAs) 45.1 44.1 41.6 1.67 0.36  41.5 45.7 1.17 < 0.01 

Polyunsaturated fatty acids (PUFAs) 13.3 9.38 10.9 1.69 0.29  14.6 7.80 1.28 < 0.01 

n-6 fatty acids 7.54 7.1 8.87 1.26 0.60  10.6 5.05 1.00 < 0.01 

n-3 fatty acids 5.1a 1.96b 1.60b 0.49 < 0.001  3.52 2.23 0.33 < 0.01 

PUSAs / SFAs ratio 0.33 0.21 0.24 0.04 0.20  0.35 0.18 0.04 < 0.01 

n-6 / n-3 ratio 1.5c 3.5b 6.0a 0.42 < 0.001  3.46 3.93 0.31 0.23 

PUSAs: polyunsaturated fatty acids and SFAs: saturated fatty acids. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means.  
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Kids had higher ALA, EPA and DPA than both calves 
and lambs (Table1). Consequently, the sum of n-3 FAs in 
kid’s meat was two-fold more than those in calves and 
lambs (Table 2). The main source of variations in the FAs 
profile of red meat is animal nutrition. In the present study, 
animals grazed same range; however, due to goats feeding 
behavior, kids also used green leaves of oak trees (Quercus 
brantii). The leaves of oak trees are tanninferous feeds. 
Vasta et al. (2009) found the highest UFAs concentrations 
in ruminal fluid from lambs supplemented with tannins, 
following to an increase in PUFAs and a decrease in SFAs 
levels in intramuscular fat. Similarly, the highest levels of 
LA, ALA and the sum of PUFAs in lamb muscle were 
found in the diet with the largest amount of tannins 
(Willems et al. 2014). Grazing animals on diverse pastures 
in mountainous areas accumulated more biohydrogenation 
intermediates in the rumen and an elevated PUFAs content  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

in inter-muscular fat. This suggested that rumen biohydro-
genation was partially inhibited and PUFAs were further 
desaturated and elongated when animals were grazed on the 
botanically diverse pasture (Lourenco et al. 2007). 

Fat meat in kids contained a high percentage of PUFAs 
(Figure 1), and high ratio of PUFAs/SFAs (0.34) regardless 
to the type of meat. Fat meat of kids contained lower oleic 
acid than lean meat whereas fat meat of lambs and calves 
had higher values compared to lean meat (Figure 1).  

Monounsaturated fatty acids in lean meat compared to fat 
meat was lower in kids, while in calves lean meat had less 
MUFAs compared with fat meat. Polyunsaturated fatty ac-
ids in lean meat and fat meat of kids did not differ, whereas 
in lambs and calves lean meat had higher PUFAs compared 
to fat meat (Figure 1).  

Lean meat of lambs and calves contained two-fold more 
PUFAs compared to fat meat.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

Figure 1 Significant interaction effects between species (kids, lambs and calves) and meat type (without or with subcutaneous fat) on oleic acid, 
monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs) of longissimus dorsi muscle presented as percentage of total fatty 
acid proportions.  
a, b and c Bars in the same chart with a common superscript letter do not differ significantly (P<0.05). 
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The high percentage of PUFA in fat meats of kids in 
comparison with lambs and caves isinteresting since the 
PUFAs subcutaneous fat in ruminants is generally low (ap-
proximately 0.15). Unsaturated fatty acids of dietary lipids 
are mainly converted to SFAs through bacterial lipolysis 
and biohydrogenation in the rumen (Jenkins et al. 2008). In 
general, adipose tissue has less phospholipid, but more 
triglycerides than does muscle tissue.  

Phospholipids contain more PUFAs (LA and ALA) than 
triglycerides, whereas triglycerides have higher contents of 
C16:0, C18:0 and C18:1 compared to phospholipids (Wood 
et al. 2008) presumably because the capacity for incorpora-
tion of PUFA into phospholipids is limited. Feeding rumi-
nants a diet rich in PUFAs promotes fat deposition in the 
phospholipid fraction, and SFAs, when in excess, are de-
posited and stored in the triglyceride fraction. Compared to 
grass, mixed leguminous pastures produced significantly 
higher proportions of linoleic acid and α-linolenic acid in 
the abomasum and subcutaneous fats (Lourenco et al. 2007) 
suggesting greater duodenal flow of PUFAs. The feeding 
behavior of kids under TPS condition (eating tanniferous 
feeds) and lower rumen biohydrogenation might have led to 
more by-pass and intestine absorption of PUFAs conse-
quently storing extra PUFAs in subcutaneous fat. 

 

  CONCLUSION 
Red meat produced under TPS conditions showed desirable 
nutritional merits in terms of fatty acid profile. Transhu-
mant production system enriches the meat quality charac-
teristics in terms of PUFAs. Under TPS condition, kids 
showed several nutritional merits over the lambs and calves 
with higher ALA, EPA and DPA. Furthermore, lower un-
healthy FAs (C16:0+C14:0) and n-6/n-3 ratio was found in 
kids compared to lambs and calves presumably due to kid 
different feeding behaviour and rumen biohydrogenation. 
This study suggests that under TPS, goats might produce 
more promising healthy red meat compared to sheep and 
cattle. 
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Effect of Adding Coenzyme Q10 and Ellagic Acid 
during Cryopreservation on Post‐thaw Quality of 
Ram Semen 

 

 

  INTRODUCTION 
The potential benefits of artificial insemination are well 
known which are achieved by semen cryopreservation. 
Nonetheless the long-term storage of semen decreases 
sperm metabolic activity and thus fertility (Bailey et al. 
2000). The highest damage to the sperm is caused by oxida-
tive stress due to the production of reactive oxygen species 
(ROS). Oxidative stress results in the reduction of sperm 
activity and performance, that causes loss of motility, 
plasma membrane integrity and fertility (Najafi et al. 
2014a). Semen cryopreservation causes some structural, 
biochemical and functional changes, which leads to various 
problems in sperm transport, survival and fertility rate in 

domestic animals (Salamon and Maxwell, 2000). Polyun-
saturated fatty acids (PUFA) are sensitive to oxidation and 
free radicals (Sheweita et al. 2005; Eskenazi et al. 2005). 
Ram sperm have a high ratio of unsaturated to saturated 
fatty acids and cholesterol to phospholipid ratio compared 
to other species. The large amounts of PUFA make the 
sperm membrane more vulnerable against oxidative dam-
age especially by ROS. Sperm have multiple mechanisms 
of defense systems against ROS (Vaseghi-Dodaran et al. 
2015). These mechanisms include catalase, uric acid, 
taurine, thiols, ascorbic acid and α-tocopherol but the most 
important ones are superoxide dismutase (SOD), glu-
tathione peroxidase (GPx) and glutathione reductase (GSH) 
systems (Daghigh Kia et al. 2016a). Although these defense 

The aim of this study was to determine the effects of co-Q10 and ellagic acid on sperm parameters after the 
freeze–thawing of Ghezel ram sperm. Twenty ejaculates from five Ghezel rams were collected in this study. 
Semen samples, which were diluted with a soybean lecithin (SL) based extender containing 0.25 mM el-
lagic acid, 0.5 μM co-Q10, 0.25 mM ellagic acid + 0.5 μM co-Q10 and no antioxidant (control), were 
cooled to 4˚C, frozen in 0.25 mL French straws and stored in liquid nitrogen. Sperm motility characteristics, 
membrane integrity, abnormal morphology, lipid peroxidation and antioxidant activities (glutathione per-
oxidase, superoxide dismutase and total antioxidant capacity) were evaluated following freeze-thawing. The 
results showed that 0.5 μM Co-Q10, improved viability, total motility parameters and decreased abnormal 
sperm and improved linearity (LIN), curvilinear velocity (VCL), straight-line velocity (VSL) and path ve-
locity (VAP) parameters (P<0.05). Ellagic acid and the treatment with a combination (0.25 mM ellagic 
acid+0.5 μM co-Q10) improved viability and total motility parameters (P<0.05). The additives did not af-
fect the maintenance of superoxide dismutase (SOD) and glutathione peroxidase (GPx), when compared to 
the control. It can be concluded that addition of 0.5 μM co-Q10 improved the post-thawing quality of ram 
semen.  
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mechanisms are available, mature sperm do not have 
enough ability to fight against free radicals due to high con-
centrations of PUFA and failure in their plasma membrane 
enzyme activity, such as SOD. It has been reported that 
adding antioxidants to the freezing extender can reduce 
deteriorative effect of ROS and cold shock (Mata-
Campuzano et al. 2015; Sariozkan et al. 2015) and im-
proves sperm quality rams (Mehdipour et al. 2016), goats 
(Bucak et al. 2009), dogs (Funahashi and Sano, 2005) and 
human (Michael et al. 2007). The Co-Q10 is a part of the 
mitochondrial respiratory chain which has two important 
roles, first in metabolism and second acts as a fat-soluble 
antioxidant that protects the membrane and associated lipo-
proteins (Ernster et al. 1993). The Co-Q10 is one of the 
most significant lipid antioxidants in mitochondrial respira-
tory chain. In addition, co-Q10 has fat like properties, so 
releases phospholipids in cell membrane and protects the 
sperm plasma membrane (Ernster and Dalner, 1995). El-
lagic acid is a polyphenol such as Co-Q10 having a wide 
variety of biological activities, including strong antioxidant 
properties, anti-cancer, anti-proliferative, anti-mutation and 
anti-apoptotic (Hassoun et al. 2004). Co-Q10 has not been 
used so far in ram semen freezing and there are only two 
study on the effects of ellagic acid, one of them was used in 
freeze-thawing ram semen (Omur and Coyan, 2016) and the 
other one used it in cooling of ram semen (Omur et al. 
2014). Therefore, this study investigated the effect of Co-
Q10 and ellagic acid in the improvement of ram sperm 
quality after freeze-thawing process.  

  MATERIALS AND METHODS 
Chemicals 
All Chemicals were purchased from Sigma (St.Louis, MO, 
USA), Merck (Darmstadt, Germany) and Pars Tech Rokh 
(Mashhad, Iran), unless otherwise indicated. 

Animal and semen collection 
Semen samples were collected from 5 healthy mature 
Ghezel rams (3 and 4 years of age) using artificial vagina 
twice a week (totally twenty samples for experiment) then 
pooled to avoid an individual variations during experiment 
and transported at 34 ˚C to the laboratory for initial assess-
ments. Samples were accepted for adding the antioxidant if 
the following parameters were observed: volume (0.75-2 
mL), concentration (greater than 3×109 sperm/mL), motility 
(˃70%) and abnormal sperm (<10%). A tris-based extender 
was used as the freezing extender (Tris 297.58 mM, citric 
acid 96.32 mM, fructose 82.66 mM, lecithin 1%, glycerol 
7% (v/v), pH 6.8). Experimental treatments included four 
group with 1) ellagic acid 0.25 mM, 2) Co-Q10 0.5 μM, 3) 
ellagic acid 0.25 mM + Co-Q10 0.5 μM and 4) a group  

without antioxidant considering as control group. The sam-
ples were placed in the refrigerator for two hours to reach at 
temperature of 4 ˚C and then loaded into 0.25 mL straws 
(IMV, L’Aigle, France). The samples were placed 4 cm 
above liquid nitrogen for 7 minutes and then plunged into 
liquid nitrogen and stored until thawing. For sperm evalua-
tion, the straws were thawed individually at 37 ˚C for 30 
seconds. 

Sperm viability 
For assessment of live sperm we used eosin-nigrosin stain-
ing. After freeze-thawing, 10 μL of the semen sample with 
10 μL stain was mixed on a slide and for drying, the slides 
were held at 37 ˚C. Two hundred sperm were evaluated by 
microscope at magnification of × 1000. Sperm displaying 
unstained heads were considered viable, and sperm with 
stained or partially stained heads were counted as dead 
sperm (Najafi et al. 2014b). 

Plasma membrane integrity  
The hypo-osmotic swelling test (HOST) was used to assess 
integrity of plasma membrane. Fifty μL of the semen sam-
ple was mixed with 500 μL hypo-osmotic solution (100 
mOsmol kg-¹) in water bath37 ˚C for 30 minutes. Five μL 
of the sample was put on a slide and mounted with a cover-
slip. The phase contrast microscope slides were placed on a 
heating pad. Two hundred sperm were counted at 400 × 
magnification and the sperm with swollen tail and spun 
were considered as sperm with intact plasma membrane 
(Jeyendran et al. 1984). 

Assessment of sperm motility 
Computer assisted system (CASA; Video Test Sperm 3.1) 
was used to evaluate the parameters of total motility (TM, 
%), progressive motility (PM, %), path velocity (VAP, 
µm/s), straight-line velocity (VSL, µm/s), curvilinear veloc-
ity (VCL, µm/s), amplitude of lateral head displacement 
(ALH, µm), beat/cross frequency (BCF, Hz), straightness 
(STR, %) and linearity (LIN, %). To assess the parameters 
of motility, samples were incubated in warm bath for 5 
minutes at 37 ˚C. Then, 5 μL of the sample was placed on a 
preheated slide, mounted with a cover slip, and then placed 
on a heating pad microscope. Each sample was randomly 
selected from at least 10 fields and 200 sperm were ana-
lyzed by CASA system. All parameters were photographed 
at 100 × magnification (Najafi et al. 2016). 

Sperm morphology assessment  
To evaluate sperm morphology, 10 μL of each semen sam-
ple was added to 150 μL of Hancock solution (Najafi et al. 
2013). Then a drop of this mixture was placed on a slide 
and at least 200 sperm were counted under a microscope 
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phase contrast with a magnification of × 400 and the per-
centage of abnormal sperm and abnormal acrosome were 
estimated. 

Lipid peroxidation 
The concentrations of malondialdehyde (MDA) were 
measured by thiobarbituric acid reaction (TBARs). One mL 
of the diluted semen sample (250×106 sperm/mL) was 
mixed with 1 ml of cold 20% (w/v) tricholoroacetic acid to 
precipitate protein.  

The precipitate was pelleted by centrifuging (960g for 15 
min), and 1 mL of the supernatant was incubated with 1 mL 
of 0.67% (w/v) thiobarbituric acid in a boiling water bath at 
100 ˚C for 10 min. After cooling, the absorbance was de-
termined using a wave length of 532 nm spectrophotometer 
(Placer et al. 1996). All MDA concentrations were ex-
pressed as nmol/mL. 

Total antioxidant capacity (TAC) 
Randox kits were used to measure total antioxidant capacity 
of sperm according to TEAC. TEAC method is based on 
the inhibition of ABTS cation radical scavenging antioxi-
dants. The ABTS incubated with peroxidase and H2O2 to 
produce a radical cation ABTS and stable blue-green color 
that has maximum absorbance at 600 nm, which can be 
measured by a spectrophotometer (Miller et al. 1993). 

Glutathione peroxidase activity 
The activity of GPx was determined using the Ransel Glu-
tathione Peroxidase kit (Randox Laboratories, UK). In this 
assay, GPx catalyzes the oxidation of GSH with cumene 
hydroperoxide. In the presence of GR and NADPH GSSG 
is converted into GSH with concomitant oxidation of 
NADPH to NADP+. The decrease in absorbance was 
measured at 340 nm at 37 ˚C (pH 7.2). The GPx activity 
was normalized to g of protein and expressed in U/g of pro-
tein. 

Superoxide dismutase activity 
Activity SOD in the semen samples was measured using the 
method and using the Ransod Company Randox kit (RAN-
DOX Laboratories Ltd, UK). 

Statistical methods 
The experiment was conducted in a completely randomized 
design with four treatments and four replications. Since the 
semen samples were pooled, these were not real biological 
replicates. These are rather technical replicates. The data 
obtained were analyzed by GLM procedure of SAS (2004). 
All data were checked for normal distribution by PROC 
UNIVARIATE and the Shapiro-Wilk test. Mean compari-
sons were performed using least square means and the sig-

nificant level was considered P < 0.05. Results are shown 
as Lsmean ± SEM. 

  RESULTS AND DISCUSSION 
The diluents with the addition of Co-Q10 (0.5 μM), ellagic 
acid (0.25 mM) and the treatment with combination of the 
two compounds ellagic acid (0.25 mM) + Co-Q10 (0.5 μM) 
improved viability and total motility parameters and were 
significantly different with control group (P<0.05). 

In addition, Co-Q10 (0.5 μM) decreased abnormal sperm 
and improved LIN, VCL, VSL and VAP parameters 
(P<0.05). Ellagic acid also improved VAP and VCL com-
pared to the control group (Tables 1 and 2). 

The treatment groups did not show any significant differ-
ence in GPx and SOD enzymes (Table 3). 

Ellagic acid improved total antioxidant capacity com-
pared to the control group (P<0.05). The combination of 
two antioxidants increased MDA levels compared to con-
trol groups (P<0.05; Figure 1 a, b). 

Plasma membrane of ram semen is very sensitive to lipid 
peroxidation due to ROS because of being rich in unsatu-
rated fatty acids. Ram sperm has high sensitivity against 
cold shock compared to other species such as cattle, rabbits 
and human (Mata-Campuzano et al. 2015).  

Lipid peroxidation of the sperm membrane leads to loss 
of membrane fluidity and cell activity and infertility 
(Aitken and Sawyer, 2003). Therefore, additives with anti-
oxidant properties are necessary in order to reduce the ad-
verse effects of sperm cryopreservation. Ellagic acid and 
Co-Q10 have antioxidant and phenol properties that con-
serve sperm from adverse damages. Many studies have 
examined the effects of extracts and phenolic compounds 
after freeze-thawing rams and bull sperm (Daghigh Kia et 
al. 2015). 

Accordingly, comparing the present study with the stud-
ies on compound phenols property in ram sperm shows that 
Co-Q10 improve the motility of ram sperm after freeze-
thawing which are the same with the results of Daghigh Kia 
et al. (2016b) and the study on bull sperm by Daghigh Kia 
et al. (2015) and Daghigh Kia et al. (2016a) which im-
proved motility of sperm by adding antioxidant to semen 
extender.  

In our study, Co-Q10 (0.5 μM), as a phenolic compound 
reduced sperm abnormality. But it did not have any effect 
on membrane integrity, this outcome was contrary with 
result of Daghigh Kia et al. (2016b) on ram sperm freeze- 
thawing and Daghigh Kia et al. (2015) and Daghigh Kia et 
al. (2016a) on bull sperm freeze-thawing. 

The results of this study indicate that there is a significant 
difference in total motility and viability of sperm in Co-Q10 
at 0.5 μM level compared to the control group.  
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These results may be due to the bioenergy role of Co-
Q10 in the respiratory chain and the production of ATP 
(Almeida and Ball, 2005). The important role of recycling 
of vitamin E by Co-Q10 in the prevention of lipid peroxida-
tion and also in energy production in semen is well-known 
(Lewin and Lavon, 1997). Co-Q10 is a part of the respira-
tory chain in mitochondria which plays a role in sperm cell 
metabolism and fat-soluble antioxidants (Ernstr et al. 
1993). It is noteworthy that the only lipid-soluble antioxi-
dant producing in our body is Co-Q10, preventing oxida-
tion of proteins, fats and DNA (Ernster, 1993). Co-Q10 is 
effective on sperm quality and motility, especially in infer-
tile men (Mancini et al. 1998; Alleva et al. 1997; Lee et al. 
2006) which are in accordance with the results of our study, 
due to the improvement of sperm motility. Generally, the 
better effect of Co-Q10 on sperm motility in comparison 
ellagic acid may be due to the bioenergetics role of Co-Q10 
in the respiratory chain and the production of ATP 
(Turunen et al. 2004; Almeida and Ball, 2005).  

Membrane lipid peroxidation leads to disruption of 
membrane activity, decrease in membrane fluidity and inac-
tivation of receptors and enzymes bands, which ultimately 
increases non-specific permeability to ions (Esterbauer et 
al. 1990). In the present experiment, TAC was improved 
with the use of ellagic acid and the combination of two  

 
 
 
 

 

 
 

Table 1 Effects of different levels of ellagic acid and Co-Q10 on sperm motility parameters after freezing-thawing process 

Antioxidants
SEM P-valueSperm motility parameters

Control EA (0.25) Co-Q10 (0.5) EA + Q10 (0.25+0.5)

 
 

 

 
 
 

antioxidants.  
The MDA level was also higher in the combination treat-

ment group, the difference between results in total antioxi-
dant capacity and MDA justify other results which are 
based on a mixture of two antioxidants; due to the im-
proved antioxidant capacity and increased levels of MDA, 
that are likely related to adverse effects or being ineffective 
on other traits which cause an increase in free radicals and 
lipid peroxidation.  

The two treatment groups were not significantly different 
from the control group and combination treatments in 
MDA. Similarly, two antioxidants used in the study had no 
significant effect on GPx and SOD. 

There are few studies on the effects of ellagic acid on 
ram semen and we compare our results with the studies 
used extracts that have active ingredient is ellagic acid. In 
the present study, ellagic acid showed significant effect on 
viability and total motility that agreed with Reda et al. 
(2016), who observed an improvement in the motility and 
viability of bull semen using pomegranate juice (PJ) com-
pared to control group and Mansour et al. (2013) that used 
PJ in human semen. Ellagic acid is a polyphenol having 
variety of biological activities, such as antioxidant 
(Hassoun et al. 2004), anti-mutagenic, anti-apoptosis prop-
erties. Although the mechanisms of its action are unknown.  

 (%)TM 48.2b  64.6a 66.3a 63.2a 2.24 0.0001

 (%)PM 18.6 27.0 24.6 25.8 3.30 0.0066

VAP (µm/s) 20.5c 34.6b 68.1a 31.8bc 2.83 0.0001

VSL (µm/s) 15.5b 23.9b 46.7a 21.7b 2.20 0.0001

VCL (µm/s) 50.1c 73.8b 91.7a 75.0b 4.38 0.0001

 (%)STR 76.8  71.6 68.8 68.8 4.68 0.0001

 (%)LIN 30.9b  32.7b 50.9a 29.0b  1.92  0.0001
EA: ellagic acid; TM: total motility; PM: progressive motility; VAP: path velocity; VSL: progressive velocity; VCL: track velocity; STR: straightness and LIN: linearity. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 2 The effect of different levels of ellagic acid and Co-Q10 on sperm viability, host and hancock parameters after freezing-thawing process 
Antioxidant

Sperm assessment parameters SEM P-value
Control EA (0.25) Co-Q10 (0.5) EA+Q10 (0.25+0.5)

Viability (%) 55.6b 74.45a 81.31a 77.23a 2.25  0.0001
Membrane integrity (%) 37.61b 54.41a 56.68a 54.76a 4.88 0.0001
Abnormal sperm (%) 25.52a 26.13a 19.53b 25.49a 0.99 0.0001

EA: ellagic acid. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 3 The effect of different levels of ellagic acid and Co-Q10 on sperm viability, host and hancock parameters after freezing-thawing process 

Antioxidant
Sperm assessment parameters SEM P-value

Control EA (0.25) Co-Q10 (0.5) EA + Q10 (0.25+0.5)

Superoxide dismutase u/mL 101 118.3 105 109.3 6.15  0.0001

Glutathioneperoxydaseu/g protein 10.03 9.37 9.27 8.93 0.26 0.0001
EA: ellagic acid. 
SEM: standard error of the means. 
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The discussed properties may explain the effect of ellagic 

acid for increasing sperm motility, viability and capacity to 
scavenge free radicals (Priyadarsini et al. 2002; Seeram et 
al. 2005).  

Cisplatin-induced abnormal growth of rat sperm was 
blocked using ellagic acid (Turk et al. 2008). They used 
different levels of ellagic acid in rat that observed a reduc-
tion in MDA level and a significant increase in activity of 
GSH, GSH-Px and CAT. This result is contrary with our 
result that ellagic acid did not have significant effect on 
sperm parameters. They also showed an increase in sperm 
concentration, sperm motility, sperm cell density, diameter 
and thickness of the seminiferous tubules of germ cells and 
decrease in abnormal sperm compared to control group and 
study on sperm motile and abnormal sperm showed the 
same result with ours. Similarly, in another study, cyclo-
phosphamide induced lipid per oxidation damage to the 
structure of the sperm and testicular tissue in rabbits 
showed the protective effect of eEllagic acid (2 mg/kg) 
(Ceribasi et al. 2010) but in our study ellagic acid did not 
have any effect on sperm. Ellagic acid has four phenol OH 
groups with a fused benzofuran structure, therefore has the 
property of scavenging ROS (reactive oxygen species) and 
RNS (reactive nitrogen species) which can prevent lipid 
peroxidation (Bondet et al. 1997). 

The results of the present study are in contrast to those of 
Omur et al. (2014), who observed an improvement in sperm 
membrane integrity in the process of cooling ram semen 
with by using ellagic acid at level of 2 mM. However, they 
showed in another study Omur and Coyan (2016) that all 
levels of ellagic acid improved acrosome integrity in the 
process of freezing ram semen. 

In a study of Yousefian et al. (2014), which was carried 
out on the Stallion, Co-Q10 at 1 μM improved sperm motil-
ity and parameters of sperm membrane. In present study, 
Co-Q10 at the level of 0.5 μM improved total motility, sur-
vival, abnormal sperm, LIN, VSL and VAP parameters, as 
well as the improvement of sperm membrane integrity. 

 Figure 1 Effects of different levels of ellagic acid and Co-Q10 on TAC and MDA levels after freezing-thawing process  

  CONCLUSION
The results showed that Co-Q10 at level of 0.5 μM im-
proved the sperm quality parameters and reduced the oxida-
tive parameters compared with all treatments. We recom-
mend use of Co-Q10 at level of 0.5 μM in order to raise the 
quality of frozen ram semen. 
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AssociaƟon between Melatonin Receptor 1A 
(MTNR1A) Gene Polymorphism at the MnlI Site 
and Production Traits in Shal and Crossbreeding 
between Shal and Romanov  

          

 

 

 

  INTRODUCTION 
 

Remarkable seasonal variations are observed in the repro-
ductive activities of small ruminants living in temperate 
latitudes (Luridiana et al. 2015). Thus, a great alteration is 
induced by lamb reproductive seasonality and its conse-
quent meat market price. Alternatively, out-of-season re-
production is induced through a wide use of hormonal treat-
ments in some countries. However, there is a need for a 
search for some other methods due to the increasing de-

mand for free-hormone products (Martinez-Royo et al. 
2012). Nonetheless, identification of informative genetic 
markers has been suggested to improve selection efficiency 
for reducing breeding seasonality in sheep (Moradi et al. 
2014). In a response to photoperiodism, animals are en-
gaged in the secretion of differential melatonin to regulate 
their reproductive activities (Saxena et al. 2014). The light 
signals relayed to the pineal gland by several neurons from 
the retina, known as photoperiodic information, are trans-
lated into the daily cycle of melatonin secretion, the level of 

The objective of this study was to evaluate the relationship between polymorphism at the MnlI site of 
MTNR1A gene and production traits of Shal and Romanov crossbreeding. The crossbreeding between Shal 
and Romanov was done on 600 Shal ewes. For this reason, Shal ewes were laparoscopically and artificially 
inseminated with the semen of Romanov breed. For the preparation of genomic DNA, a total of 90 ewes, 
either Shal (n=50) or Shal × Romanov (n=40), were used and an 824 bp fragment of exon 2 of the MTNR1A 
gene was amplified. In this research, two genotypes MM and Mm were detected in the study Shal popula-
tion with frequencies of 0.78 and 0.22, respectively, while MM and mm genotypes of the study crossbreeds 
were detected with 0.125 and 0.0875 frequencies, respectively. However, the mm and Mm genotypes were 
not detected in Shal and Shal × Romanov crossbreeds, respectively. The MnlI marker site in Shal × Ro-
manov breeds had a significant effect (P>0.05) on body weight after 3 months (BW3) as the ewes with MM 
genotypes had significantly higher BW3 than mm individuals. However, no significant difference was ob-
served between MM and mm marker sites for birth weight (BW) and 6-month body weight (BW6). The 
same results were observed for Shal breeds as when MM and Mm genotypes were detected for BW, BW3 
and BW6 traits. In conclusion, in this study, mm genotype as a measurement for litter size in sheep breeds 
was successfully introduced into Shal × Romanov crossbreeds, while their production traits were not af-
fected by MnlI genotypes.  
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which is high at night and low during day time (Shahroudi 
et al. 2006). Accordingly, the secretion of gonadotrophin-
releasing hormone (GnRH) is controlled by the seasonal 
rhythms of melatonin secretion that serves as a seasonal 
messenger in endocrine tissues at the hypothalamic level 
(Luridiana et al. 2014). The alternating presence or absence 
of female ovulation and male sperm production is depend-
ent on luteinizing hormone secretion, the levels of which 
are induced by the corresponding changes in GnRH release 
(Shahroudi et al. 2006). 

Melatonin reproductive effects occur in the premammil-
lary hypothalamus (Luridiana et al. 2015) and the hypotha-
lamic suprachiasmatic nucleus is the site of the circadian 
clock where melatonin circadian effects are mediated by the 
pharmacologically specific G-protein-coupled melatonin 
receptors with high affinity (Jia et al. 2012), through which 
melatonin exerts its effects when binding to them. How-
ever, it seems that the reproductive activity is only regu-
lated by MT1 from among the receptors involved 
(Luridiana et al. 2015).  

In an investigation for sheep sexual activity, Notter et al. 
(2003) showed that the genotype of this gene might become 
as a particular marker based on the association between 
different allelic forms at MT1 locus and sheep reproductive 
activity. 

Reppert et al. (1994) were the first to clone melatonin re-
ceptor 1A gene (MTNR1A) as a high-affinity subtype in 
mammals. It should be noted that from among any other 
melatonin receptor subtypes like MTNR1B and MTNR1C, 
only MTNR1A appears to be engaged in the seasonal repro-
ductive activity regulation (Saxena et al. 2014; Trecherel et 
al. 2010). An association between MTNR1A gene and sea-
sonal reproductive activity has been evidenced by several 
studies on different animal species (Luridiana et al. 2014). 

Circadian variations in melatonin concentrations have 
been repeatedly proposed to be caused by MTNR1A as a 
candidate gene via photoperiodic control of seasonality 
(Mura et al. 2014). MTNR1A gene, consisting of two exons 
divided by a large intron, has been mapped in the ovine 
chromosome 26. The exon one shows low degree of poly-
morphism. It has been shown that exon 2 of MTNR1A gene, 
which is involved in the coding process of ovine MT1 re-
ceptors is highly polymorphic, while changes in the second 
exon would make the differences in the structures of the 
receptors. The 2 restriction fragment length polymorphism 
(RFLP) sites for MnlI and RsaI enzymes are derived from 
exon 2 of the gene encoding MT1 receptor in sheep. The 
characteristic pattern of digestion by this enzyme is charac-
terized by a mutation at MTNR1A/MnlI site, which leads to 
the absence (–or M) of MnlI specific cleavage site at posi-
tion 605 of the coding sequence (Hatami et al. 2014). The 3 
genotypes of “M/M”, “M/m” and “m/m”, which were pre-

viously described as +/+, +/− and −/− (Trecherel et al. 
2010), are discriminated by the presence or absence of this 
mutation. 

Sheep, goat and buffalo were selected to carry out the 
studies of relationship between this gene polymorphism and 
reproductive activity. In this regard, a reproductive associa-
tion with the polymorphic sites identified in MTNR1A gene 
was shown by some sheep breeds like Merinos d'Arles, 
small tailed Han sheep, Awasi and Sarda (Saxena et al. 
2014). 

A local sheep breed is Shal, which constitutes a popula-
tion of more than 600000 heads in Iran. The breed is large-
sized, fat-tailed, and predominantly black or brown with 
white spots on the front head, while being well-adapted to 
harsh climates. It is mainly raised for its meat as the most 
important protein source in Iran. Following a random expo-
sure of Ewes, which usually lamb 3 times every 2 years, to 
18-month rams, lambing occurred within one season, i.e. 
from mid-January to mid-March (Hossein-Zadeh, 2015). 

One of the breeds renowned for its long breeding season, 
early sexual maturity and high prolificacy is Romanov. 
However, poor carcass quality and relatively low growth 
rate are of the typical features of this breed in comparison 
to the traditional meat species. Application of a commercial 
crossing approach with the meat-type breeds is a simplest 
and fastest way of improving growth and carcass quality in 
Romanov lambs (Kuchtík et al. 2012). Crossbreeding be-
tween Romanov and Shal were used to improvement of 
prolificacy in Shal breed. In the current study, we consid-
ered the polymorphism of exon 2 of MTNR1A at MnlI site 
as a marker for prolificacy and investigated its relationship 
with the production traits of Shal and Romanov crossbreed-
ing.  

 

  MATERIALS AND METHODS 
Experimental animals and their management: 
This experiment was carried out at a sheep farm in Ismaeel 
Abad (longitude: 49.66˚ E and latitude: 36.46˚ N) located in 
Qazvin province, Iran. Shal and Romanov crossbreeding 
were done on 600 Shal ewes. To this purpose, Shal ewes (1-
2 years old) were laparoscopically and artificially insemi-
nated with the semen of Romanov breed. An integration of 
natural pasture and concentrate feed under natural photope-
riod was followed the ewes since birth. All the lambs were 
born indoors and a similar nutrition status was considered 
for all sampled individuals within each breed. 
 
Preparation, amplification, and digestion of genomic 
DNA 
A total of 90 ewes, either Shal (n=50) or Shal × Romanov 
(n=40), were used. Five mL of blood was collected from 
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the jugular vein in ethylenediaminetetraacetic acid 
(EDTA)-coated tubes. Ovine genomic DNA was extracted 
using phenol-chloroform method as previously described 
by Psifidi et al. (2015) and maintained at -20 ˚C until use. 
Approximately, 200 ng of genomic DNA was subjected to 
polymerase chain reaction (PCR) by using specific primers 
synthesized by Sina colon, Iran. The primers were those 
used by Messer et al. (1997) (sense primer 5´-
TGTGTTTGTGGTGAGCCTGG-3´ and antisense primer: 
5´-ATGGAGAGGGTTTGCGTTTA-3´) from the sequence 
of Exon II of the ovine MTNR1A gene (GeneBank 
U14109). Polymerase chain reaction (PCR) was carried out 
in a volume of 25 μl containing 200 ng of DNA, 1XPCR 
buffer, 2.0 mmol of MgCl2, 0.2 mmol of each dNTP, 10 
pmol of each primer, and 2 U of TaqDNA polymerase 
(Fermentas, Canada). The PCR conditions were as follows: 
initial denaturation at 94 ˚C for 5 min followed by 35 re-
peated cycles of denaturation at 94 ˚C for 1 min, annealing 
at 62 ˚C for 1 min, extension at 72 ˚C for 1 min, and final 
extension at 72 ˚C for 10 min on a thermal cycler (Bio-Rad, 
T100). The PCR products were resolved by electrophoresis 
on 2% agarose gel in parallel with 250 bp of DNA marker 
ladder (Fermentas). Then, they were separated by electro-
phoresis on 2% agarose gel. After amplification, 7 µL of 
the PCR product was digested with 2 units of MnlI endonu-
clease at 37 ˚C for 4 hours following a deactivation process 
at 65 ˚C for 20 minutes.  

Statistical analysis 
For the genotyping of the study samples, the digested frag-
ments were electrophoresed on 3% agarose gel and stained 
with ethidium bromide. Allelic frequencies were deter-
mined by direct counting of the observed genotypes. The X2 

test was used to determine Hardy-Weinberg (HW) equilib-
rium of the mutation by using following equation 
(GenAllex Software). 

The significance of differences between the treatments 
was evaluated using the t-test. The results were expressed 
as mean ± SEM and the statistical significance was ac-
cepted at P < 0.05. The data were analyzed using a statisti-
cal software (SPSS, 2011). 

  RESULTS AND DISCUSSION 
PCR-RFLP analysis of exon 2 of MTNR1A gene  
In current study 824 bp fragment of exon 2 of Shal and Shal 
× Romanov MTNR1A gene were analyzed by RFLP (Figure 
1).  

The presence and absence of 303 bp fragment were re-
ferred to as alleles m and M, resulting in 236 and 67 bp 
products. Thus, the 3 genotypes of MM, Mm, and mm were 
detected based on 236, 236 and 303, and 303 fragments, 
respectively. In our study, the 2 genotypes of MM and Mm 
were detected in the study population of Shal with the fre-
quencies of 0.78 and 0.22, respectively (Figure 2 and Table 
1). However, MM and mm genotypes were detected in the 
crossbreeds under study with 0.125 and 0.0875 frequencies, 
respectively. Mm and mm genotypes were not detected in 
Shal × Romanov and Shal breeds, respectively (Figure 3 
and Table 1). MM and Mm frequencies were significantly 
higher in Shal compared to Shal × Romanov crossbreeds, 
and that of mm was significantly higher in the study cross-
breeds (P<0.05). The allelic frequencies of 0.89 and 0.125 
were observed for M allele and 0.875 and 0.11 for m allele 
at MTNR1A locus in Shal and Shal × Romanov crossbreeds, 
respectively (Table 1). 

Contrary to our results, Chu et al. (2006) demonstrated 
an association between MM genotype and non-seasonal 
estrus in ewes, as well as a relationship between mm geno-
type and seasonal estrus in ewes when investigating non-
seasonal estrous breeds (Small Tail Han and Hu ewes) and 
seasonal estrous breeds (Dorset, Suffolk, and German Mut-
ton Merino ewes).  

Many studies indicated an association between the ho-
mozygous genotype for the absence of a polymorphic MnlI 
site at position 605 of exon 2 of MTNR1A gene and sea-
sonal anovulation in ewes (Chu et al. 2006). In our re-
search, the X2 test confirmed that only the study Shal sheep 
population was in HW equilibrium. Perhaps, this was due 
to the limited number of crossbred population and non-
random mating. 

Nevertheless, congruent with our results, Carcangiu et al. 
(2009) reported that the ewes of MM genotypes lambed in 
autumn following an oestrus in spring. Having a very high 
frequency (0.81%) among their study ewes, M allele surely 
played a very important role in this process. Though Notter 
et al. (2003) demonstrated that the various sheep breeds 
reared in North America were sufficiently influenced by a 
single M allele leading to a reproductive seasonality, 
Pelletier et al. (2000) found that MM homozygous ewes of 
Merino d’Arles sheep breed showed oestrus in spring. In 
their study on native Iranian breeds of sheep, Ghiasi et al. 
(2006) demonstrated that the sheep, which genetically had a 
potential to show estrus during short and long days, indi-
cated 2 genotypes at MTNR1A locus with the frequencies of 
0.7 (MM) and 0.3 (Mm) in the Karakul breed, and 0.58 
(MM) and 0.42 (Mm) in the Shal breed. Also, in another 
study on native Iranian breeds, i.e. Zel and Naeini, Moradi 
et al. (2014) reported that M allele was predominant in ei-
ther Zel or Naeini lambs.  
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The genotypic frequencies for MM, Mm, and mm geno-
types were 0.52, 0.25 and 0.23 in Zel breed and 0.60, 0.22 
and 0.18 in Naeini breed. Furthermore, they showed that 
MM genotype had the lowest mean for litter size signifi-
cantly. In general, the highest mean measurements for litter 
size were obtained from mm followed by Mm, whereas the 
minimum mean measurements were achieved from MM in 
both assessed breeds. 

 
 

Figure 1 Electrophoresis pattern of PCR product of exon 2 of MTNR1A gene (824 bp) in Shal and Shal × Romanov sheep (2% agarose gel) 
Lanes 1-3 and 4-5, PCR amplification product for Shal and Shal × Romanov, respectively, and M: DNA molecular marker (250 bp)  

Figure 2 RFLP Genotyping of MTNR1A gene by MnlI in Shal breed

Table 1 Allele and genotype frequencies of exon 2 of MTNR1A gene for MnlI site in Shal and Shal × Romanov breeds 

Allele frequency Genotype frequeny 
Breed 

M m MM Mm mm 

Shal 0.89 0.11 0.78 0.22 0 

Shal × Romanov 0.125 0.875 0.125 0 0.875 

P-value P < 0.001 P < 0.001 P < 0.001 P < 0.001 P < 0.001 

Even in Sarda sheep breed exhibiting an anoestrous pe-
riod in late-winter/spring, polymorphisms within MTNR1A 
gene lead to some advances in reproductive activity re-
sumption (Carcangiu et al. 2009).  

Additionally, Luridiana et al. (2015) evidenced an rela-
tionship between MTNR1A gene polymorphism and a re-
sumption of reproductive activity in adult Sarda sheep 
breed in spring.  
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However, no association between MNTR1A polymor-
phisms and seasonality of reproduction in Ile-de-France 
ewes was found by Hernandez et al. (2005). Moreover, 
some European breeds have not proven any impacts of 
MTNR1A gene polymorphisms on their reproductive activi-
ties.  

The difference might be well attributed to breed traits or 
body and environmental conditions. Thus, there is a need to 
expand the knowledge of the effects of MTNR1A gene 
polymorphism for the clarification of the mechanisms regu-
lating the different reproductive responses of the different 
sheep breeds (Mura et al. 2014). 

Association between MTNR1A gene polymorphism and 
birth and body weights 
There are restricted opportunities for a selection within the 
breeds due to the fact that less heritability (nearly 0.05-
0.15) occurs for most reproductive traits compared to many 
other traits.  

 

 
 

 Figure 3 RFLP Genotyping of MTNR1A gene by MnlI in Shal × Romanov breed

Nonetheless, to optimize reproductive potentials, a 
within-breed selection must be done after crossing the di-
vergent breeds to the genetic potentials rapidly reset for 
those traits, through which basic changes in litter size or 
seasonal breeding patterns are best achieved.  

Another opportunity can be gained by quickly adjusting 
genetic potentials via various mutations that affect the ovu-
lation rate and litter size of sheep though a careful breeding 
management is required, particularly for production traits 
(Notter, 2012). 

Our results revealed that MnlI marker site in Shal × Ro-
manov breeds had a significant effect (P>0.05) on a 3-
month body weight (BW3) as ewes with MM genotypes 
had significantly higher BW3 than mm individuals. How-
ever, no significant differences were observed between MM 
and mm marker sites for 6-month birth and body weights 
(BW6) (Table 2). The same results were observed for Shal 
breed as MM and Mm genotypes were detected for BW, 
BW3, and BW6 traits (Table 3). 

Table 2 Production performance (Mean±SEM) of Shal × Romanov breed

Genotype 
Traits P-value

MM mm

BW 0.185ns 4.38±0.13 4.75±0.23
*BW3 0.034 20.09±0.47 17.88±0.97

BW6 0.197ns 28.06±0.73 26.02±1.45
BW: birth weight; BW3 and 6: body weight at 3 and 6 months of age.  
* (P<0.05). 
SEM: standard error of the means. 
NS: non significant. 
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Although in our study, BW3 was affected by MnlI geno-
types in both Shal and Shal × Romanov breeds, the produc-
tion traits of Shal and Shal × Romanov breeds were not 
affected by MnlI genotypes based on BW and BW6 traits. 
Also, they were not influenced by mm or Mm genotypes in 
the current studies. In their study on the seasonal reproduc-
tion of Zandi breed, Hatami et al. (2014) reported that 
MTNR1A/MnlI marker site had a significant effect on BW1 
as the ewes with Mm genotypes were found to have higher 
BW1 compared to MM individuals. No significant associa-
tion was observed between MTNR1A/MnlI marker site and 
the other study traits, including BW, BW3, and BW6. 

  CONCLUSION
In the current research, the 2 genotypes of MM and Mm 
were detected in Shal population involved in seasonal re-
production. However, MM and mm genotypes were de-
tected in Shal with Romanov crossbreeding. Thus, mm 
genotype observed as a measurement for litter size in sheep 
breeds successfully introduced into the crossbreeds. There-
fore, based on BW and BW6 traits, the production traits of 
Shal and Shal × Romanov breeds were not affected by MnlI 
genotypes. Nevertheless, further studies are recommended 
to reveal the relationship between MTNR1A gene polymor-
phism at MnlI site and reproductive performance of Shal × 
Romanov ewes. 
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Calpastatin Gene Polymorphism in Raini and Tali 
Goat in the Kerman Province  

 

  INTRODUCTION 
Goat (Capra aegagrus), is one of the livestock, first domes-
ticated in Asia. Goats live in different areas. Goat is one of 
the most adaptable animals with different environmental 
conditions. Calpastatin, initially identified in skeletal mus-
cle (Busch et al. 1972), is the endogenous inhibitor of the 
calpains (Goll et al. 2003). Calpastatins are rich in proline 
and glutamate, but poor in aromatic amino acids (Murachi, 
1983). The rate of protein degradation post mortem affects 
meat quality (Koohmaraie et al. 2002). The calpastatin gene 
has also been found to have a large effect on pork quality 
(Rohrer et al. 2012). Genetic variation in calpastatin gene 
and the effect on meat quality traits both in cattle and sheep 
has been reported by many researchers (Zhou and Hickford, 
2008). At the molecular level, calpastatin protein is com-

posed of five-domains having molecular weight of 76 kDa 
which bind and inhibit the calpains system. The function of 
N terminal domain is to enhance the targeting of the inhibi-
tory region of calpain system by other inhibitory domain 
but itself don’t play any inhibitory role (Averna et al. 
2001). Marker assisted selection is one of the new DNA 
based methods that improves accuracy and progress in ani-
mal selection programs (Bastos et al. 2001). Genetic mark-
ers are important for the determination of allelic polymor-
phism at any specific locus. A two-allele system of poly-
morphic variants (M and N) of the ovine calpastatin gene 
by a PCR-RFLP method has been described (Palmer et al. 
1998). Tenderness is one of the attributes of quality of beef 
that is most appreciated by consumers (Alfnes et al. 2008). 
PCR-RFLP is one of the most commonly used methods for 
polymorphism genotyping due to its simplicity. Initially, 

Restriction fragment length polymorphisms (RFLP) have been identified at the goat. The objective of the 
present study was to determine polymorphisms of calpastatin locus in Raini and Tali goats of the goats in 
Kerman Province, improving meat quality traits superior meat quality by selection. Calpastatin gene effect 
on quality and tenderness meat, to identify different genotype of this gene was randomly selected 150 Tali 
and 150 Raini goats, and blood samples were collected from total of animals using ethylenediamine-
tetraacetic acid (EDTA) tubes. DNA was extracted from blood according to DNA preparation kit to deter-
mine the genetic relationship among studied goat animals. Amplification was performed using polymerase 
chain reaction (PCR). Two alleles (A and B) and three genotypes, (AA, BB and AB) were observed. The 
frequencies of the observed genotypes for Tali and raini were 38.4, 9.6, 52 and 17, 71, 12 for AA, BB and 
AB, respectively. And allele frequencies were 0.47, 0.53 and 0.12, 0.88 for A and B, in Tali and Raini goats 
respectively.  

KEY WORDS  calpastatin gene, genotype, PCR RFLP, Raeini goat, Tali goat. 
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the RFLP analysis required a radio-actively labeled probe 
for detection, and now the method is coupled with PCR and 
simple agarose gel electrophoresis. In a study two allels (M 
and N) determined in region of the ovin calpastatin by 
PCR-RFLP method (Palmer et al. 1999).  

  MATERIALS AND METHODS 
In this study, 150 Tali and 150 Raeni goats was sampled in 
the Kerman province. Blood samples were taken mainly 
from the jugular vein. In tubes containing EDTA and im-
mediately transferred to ice, and the samples were stored at 
-20 ˚C until DNA extraction. DNA was extracted from 0.3 
mL blood using the DNA purification kit (Fermentas, EU) 
according to manufacturer's instructions. Quality and quan-
tity of DNA was measured by agarose gel (2%). The DNA 
amplification of the calpastatin gene was achieved by PCR. 
PCR-RFLP genotyping was used to detect the polymor-
phism in the region between exons 6 and 7 of the calpas-
tatin gene. One pair of primers was used as follows. 

Forward primer: 5'-AGCAGCCACCATCAGAGAAA-3'  
Reversed primer: 5'-TCAGCTGGTTCGGCAGAT-3'  

The final volume was 25 µL reactions, thermal program 
included: first denaturation temperature of 33 stages with 
94 to 30 seconds, 56 ˚C connection temperature for 30 sec-
onds, temperature 72 ˚C for 30 seconds and develop the 
final amplificon temperature of 72 ˚C for 4 minutes. The 
correctness of the resulting part of product on 1.5% agarose 
gel and noticeable with ethidium bromide voltage 82 and 
was established for 25 minutes.  

The PCR products by restriction endonucleases XmnI 
were digested. Cut pieces  again on 2% agarose gel and 
stained with ethidium bromide voltage 72, after 2 hours 
determined genotypes. Gel documentation system was used 
for Photography. 

Statistical analysis 
For determine gene, genotypic frequency and Hardy-
Weinberg equilibrium use Pop-Gene32 program, version 
1.31, Canada (Yeh et al. 1997). 

  RESULTS AND DISCUSSION 
The samples of PCR showed on the gel agarose that was 
area between 1500 and 1600 bp. PCR product without any 
nonspecific band (Figure 1). 

The allelic variation in the calpastatin gene was tested by 
PCR-RFLP. The PCR-RFLP method revealed two alleles; 
allele B was the not digested and had 1552 bp and allele A 
was the PCR product with the restriction site for XmnI 

which upon digestion produced two fragments of roughly 
960 and 592 bp PCR product (Figure 2). 

Figure 1 PCR products for calpastatin gene in Raini and Tali goats 
Line M is the 100 bp molecular weight marker 

Figure 2 RFLP polymorphism of caprine CAST gene 
M shows the 100 bp molecular weight marker 
Three different PCR-RFLP patterns (genotype) were identified (AA, AB 
and BB) 

In this study, a total of three genotypes were observed in 
the test population. The frequencies of the observed geno-
types to Tali goat were 38.4, 9.6 and 52.0 for AA, BB and 
AB, respectively. Allele frequencies were 0.47 and 0.53 for 
A and B, and for Raini goat also genotypes were 0.17, 0.71 
and 0.11 for AA, BB and AB respectively. Allele frequen-
cies were 0.12 and 0.88 for A and B (Table 1).  

The chi-square test showed significant (P<0.01) deviation 
from the Hardy-Weinberg equilibrium for this locus in the 
investigated these two populations. In the present study two 
alleles (A and B) and three genotypes (AA, BB and AB) 
were observed for calpastatin gene in Tali and Raini goat in 
kerman province, Iran.  

The most frequent allele and genotype in the Tali goat 
were 53.0 and 67.0% for allele A and allele B, respectively 
(Table 2) and to Raini goat were 12.0 and 88.0 respectively. 
The results obtained from this study revealed the polymor-
phism pattern of the calpastatin gene in Tali and Raini 
goats.  

Several methods including PCR-RFLP a good method to 
determine gene polymorphism is Calpastatin gene in do-
mestic animals (Palmer et al. 1998).  

173Calpastatin Gene Polymorphism in Raini and Tali Goat in the Kerman Province

__________________________ WORLD TECHNOLOGIES __________________________



WT

 
  

Study on calpastatin gene in goat is very limited (Zhou 
and Hickford, 2008), this result shows that the polymor-
phism was detected in CASTI segment, as previously ob-
served (Palmer et al. 1998) and (Casas et al. 2006).  

 
 
 
 
 
 
 
 
 
 
 

 
Small ruminants calpastatin gene mRNA transcript vari-

ants 2 and 4 have also been reported (Zhang et al. 2012). 
Who observed frequencies of 61, 36 and 3% of the MM, 
MN, and NN genotypes respectively in Iranian karakul 
sheep and Iranian kurdi sheep, the frequencies of 76, 24 and 
0% were observed for MM, MN and NN genotype respec-
tively, showing the existence of M allele more frequent 
then N allele (Nassiry et al. 2006). 

Similar data were found by (Mohammadi et al. 2008). 
There are several studies on the association of CAST gene 
polymorphism with meat quality by PCR-RFLP analysis in 
animals (Schenkel et al. 2006). The polymorphism in the 
CAST in goat was also reported by other researchers using 
PCR-RFLP technique (Zhou and Hickford, 2008). Higher 
frequencies of CAST gene A allele compared to the B allele 
have been reported in Brangus (0.78) and Pardo Suico 
(0.80) cattle (Asadi and Khederzadeh, 2015). Reported a 
significant association between A allele of bovine CAST 
gene and meat tenderness (Kuryl et al. 2003).  

Association between the D and F alleles of porcine CAST 
gene and meat quality traits was also reported (Kapelanski 
et al. 2004). The polymorphism in the exon 1 of the CAST 
in sheep was also reported by other researchers using PCR-
RFLP technique (Mohammadi et al. 2008). In goats and 
bovine the exon 6 of CAST gene were investigated for 
polymorphisms and a number of allelic variants were iden-
tified in these species (Zhou and Hickford, 2008).  

Two allelic systems of polymorphic variants (M and N) 
in the region of ovine CAST locus have been described by 
PCR-RFLP method (Shahroodi et al. 2005). The present 
study was the first attempt for identification of CAST gene 
variation in Tali and Raini goats. Further studies are re-
quired to investigate the relationship between CAST gene 
polymorphisms and performance traits in Tali and Raini 
goat. 

 

  CONCLUSION 

The PCR-RFLP analysis of calpastatin gene in Tali and 
Raini goats revealed high level of polymorphism. This in-
formation could be utilized in future breeding plan to ex-
ploit the genetic potential of tali and raeni goats. The Tali 
and Raini goats breed showed genetic diversity for the cal-
pastatin gene, but the polymorphism found in the CAST 
gene may be helpful in selection programs for genetic im-
provement of meat traits. Though, previous to submission 
in the genetic development of the indigenous goat breeds, 
the relationship of these polymorphisms with meat traits 
needs to be recognized. 
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Correlations among Certain Growth and 
Production Traits in Different Breeds of Goats 

 

  INTRODUCTION 
Goat is an important species for the poor and landless peo-
ple, especially in South East Asia including Bangladesh, 
due to its smaller body size, quick return and less capital 
investment. The population of goats in Bangladesh is 25.21 
million (DLS, 2013). Among the total goat population 90% 
of the goat are Black Bengal and remaining 10% are 
Jamunapari and others (Faruque and Khandoker, 2007). 
Generally, goat plays an important role in generating em-
ployment for landless and destitute women, income and 
improving household nutrition. Goat farming can be used as 

effective tool for poverty reduction as it require less in-
vestment and less feeding and management costs than large 
animal farming (Khan and Naznin, 2013). Goats of Bangla-
desh are grazes on barren and road-side land grass and feed 
with available least cost roughages like neem tree 
(Azadirachta indica) leaves, mango (Mangifera indica) 
leaves, jackfruit (Artocarpus heterophyllus) leaves, and 
concentrates: rice gruel, rice polish, cooked rice and some-
time various brans. The genetic erosion in goat’s resources 
is occurring due to unsystematic breeding and to overcome 
it, a structured genetic improvement program should be 
undertaken with specific breeding goals. The main aim of 

The study was conducted to estimate the genetic and phenotypic correlations among body measurements, 
body weight, kidding interval, kidding rate and milk yield in the different breeds of goat. Data was collected 
on 95 goats of three breeds (Jamunapari, Black Bengal and their crosses (Jamunapari×Black Bengal) 
through direct observation. The average body weight of Jamunapari goat was 34.75 ± 3.33 kg higher than 
Black Bengal (27.54 ± 5.332 kg) goats. It was observed that Jamunapari goat (0.65 ± 0.187 L/day) produces 
higher daily milk during lactation length than Black Bengal (0.50±0.094 L/day), leading to higher lactation 
milk production of this goat. The kidding rate and kidding interval were 1.33 ± 0.466 and 223.27 ± 11.19 
days in Jamunapari, 1.475 ± 0.555 and 247.94 ± 17.23 days in crossbred, 1.75 and 160.83 ± 16.57 days in 
Black Bengal goats, respectively. The heritability estimates of body weight, milk yield and lactation milk 
yield were 0.29 to 0.32, 0.25 to 0.20 and 0.30 to 0.32 for all breeds of goat. The genetic correlation (rg) and 
phenotypic correlation (rp) of body weight were positive with all traits except the rg with lactation yield. The 
body length had negative rp with lactation production and negative rg with daily milk yield and lactation 
production. The body height has negative rp with kidding rate, kidding interval, milk yield and lactation 
production and positive rg only with kidding interval in all breeds. The high and positive correlations (either 
genetic or phenotypic) are important predictors of traits for improvement. Hence, these can be valuable 
tools for making selection/culling decisions for improved productivity of goats.  
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breeding-selection is to produce new generations which 
would exceed in performance over previous generation in 
production of milk and meat (Pantelic et al. 2008; Kapell et 
al. 2009). For construction of selection index the knowl-
edge of the breeding values along with estimates of genetic 
and phenotypic correlation and heritability of different traits 
is essential. Several studies (Khan and Naznin, 2013; Khan 
and Khatun, 2013; Talukder et al. 2010) were conducted on 
the productive and reproductive parameters of goats of 
Bangladesh. However, studies on the breeding objectives 
and genetic correlations between economic traits are very 
limited in these goats. Genetic and phenotypic correlations 
have great importance in intermediary or indirect selection 
when changes in one trait are induced through selection for 
other trait where a genetic correlation exists. Therefore, the 
present study was designed to focus on the association 
among traits with the aim of identifying relevant correla-
tions that can be used in further selection process.  

 

  MATERIALS AND METHODS 
Sources of data 
The farm houses and goat rearing farmers were selected 
from Podia Upazila at Chittagong district of Bangladesh by 
visiting the area frequently. On the basis of the breed char-
acteristics (phenotypic) a total of 95 goats from three dif-
ferent genotypes (35 for Black Bengal, 25 for Jamunapari 
and 35 crossbred (Jamunapari×Black Benal)) were chosen 
based on age, body shape and size and live weight. The 
selected goats were categorized based on their age and lac-
tation numbers under a breed. The goats were allowed for 
normal feeding and management under subsistence produc-
tion system. 
 
Productive and reproductive traits of different goat 
breeds 
The data recording was started from the date of conception 
up to parturition to know the kidding rate and from kidding 
to next batch of kidding to calculate the kidding interval. 
The mature body weight of the doe was recorded using a 
top loading balance. The body height and body length of 
the goats were taken by measuring tape. Milk production 
per goat per lactation was collected on a test day basis at a 
weekly interval from individual goat. For milk yield data, 
kids were separated from their dams overnight (12 hours) 
preceding the day of milk recording then the kids were al-
lowed for milk consumption and the amount of milk pro-
duction was estimated as the difference between the body 
weight before and after sucking of kid. The lactation length 
of each goat was calculated by counting from the date of 
kidding up to the date of milk withdrawal. The milk pro-
duction was calculated by multiplying average daily milk  
 

yield with lactation length. 
 

Genetic and phenotypic correlations between traits 
Phenotypic correlations among different traits were calcu-
lated by Pearson (1905) formula for estimation of genetic 
correlations, the heritability values of the traits were first 
estimated by a univariate animal model using AIREML 
(average information restricted maximum likelihood) 
(Johnson and Thompson, 1995). The model of the study 
was as: 
 

Y= Xb + Zu + e 
 

Where: 
Y: vector of observations for all traits.  
b: vector of common fixed effects due to farm, test group 
and breed. 
u: vector of random genetic effects.  
e: vector of residuals. 
X and Z: incidence matrices relating observations to the 
fixed and random (animal) effects. 
 

After obtaining the heritability of each trait, the mean 
value for the traits was calculated and the breeding value of 
each trait was estimated as: 

)(2


 XXhBV   

 

Where: 
BV: breeding value of each trait. 
h2: heritability. 
X: individual trait. 
X: average of the trait. 
 

Then the genetic correlation between breeding values of 
two successive traits was calculated. 

 

Statistical analysis 
Least squares means were estimated for fixed effects: 
breed, age and lactation numbers using PROC GLM and 
PROC MIXED of SAS (SAS, 2008). The statistical model 
for analysis was: 
 

Yijkm= µ + Bi +Aj + Lk + eijkm 

 

Where:  
Yijkm: measurement on a particular trait.  
µ: population mean.  
Bi: random effect of ith breed (i=3 breed i.e. Jamunapari, 
crossbred, Black Bengal).  
Aj: fixed effect of age (j=1, 2, 2.5, 3 and 3.5 years).  
Lk: fixed effect of lactation number (k=1, 2 and 3).  
eijkm: random error, associated with each record, distributed 
as N (0, σ2).  
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The mean value was compared using the least significant 
difference (LSD) test at P= 0.05 (Steel et al. 1997).  

 

  RESULTS AND DISCUSSION 
Productive and reproductive performance of three dif-
ferent goat breeds: 
The Jamunapari goat produced maximum average daily 
milk yield (0.65 kg/day) and a longer lactation length 
(142.02 days) than Black Bengal (0.5 kg/day) goats and its 
crosses produced intermediate which leads to higher lacta-
tion production of Jamunapari goat (Table 1). Similar 
amount of milk yield for Jamunapari and Black Bengal goat 
was recorded by Hassan et al. (2010) and Paul et al. (2014). 
However, Jamunapari goat produces more milk and heavier 
than Black Bengal goat this might be the breed characteris-
tics of this goat these finding are supported with Bhowmik 
et al. (2013). 

However, within age and lactation number groups, the 
Jamunapari goat have shown significant differences for 
lactation length, but for other traits, no variation was ob-
served. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

For crossbred, no difference was observed for lactation 
length for age and lactation numbers but other two traits 
were varied. In case of Black Bengal goat, the age group 
within breed shown difference in lactation length, but re-
maining two traits showed no variation. It was observed 
that two years aged Black Bengal goat produces higher 
milk than one and three years old. Similar trends were also 
observed in Jamunapari goats also. Jamunapari and Black 
Bengal goats produced more milk during two to three lacta-
tions.  

Olechnowicz and Sobek (2008) also reported that goats 
produces more milk during two to three lactations. 

The body weight of the three studied breeds was not dif-
fered statistically; however, numerically Jamunapari (34.75 
kg) was higher than crossbred (32.03 kg) and Black Bengal 
(28.79 kg) goats.  

Higher body weight of Jamunapari goat might be due to 
breed characteristics. However, Bhowmik et al. (2013) ob-
served the higher body weight for Jamunapari (45.47±3.78 
kg) and crossbred goats (35.72±2.97 kg), than present study 
however Rahman (2007) and Paul et al. (2011) reported the 
similar body weights of goats in their study. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 1 Production and reproductive performance of three different breeds of goat in respect of age and lactation numbers 

Breed Age LN MY (kg/day) LL (days) LP (kg) Lwt (kg) KR KI (days) 

140b 29.33b 73.6 1.66 226.66 0.5 
1 1 

±20.816(3) ±10(3) ±47.692(3) ±2.081(3) ±0.577(3) ±0.360(3) 

1.13a 133.33c 33.33c 152.26 223.13 
2a (3) 2 1  

±5.773 ±2.516(3) ±0.351(3) ±7.637(3) ±62.151(3) 

0.43b 139.28ac 35.07c Jamunapari 1.86 228.57 
53.73(13) 2.5 2 

±6.90(8) ±0.17(7) ±5.763(8) ±1.427(8) ±0.243(8) 

177.25a 38a 1.5 212.5 79.46 0.56 
3 2 

±18.929(4) ±7.788(4) ±0.577(4) ±13.301(4) ±11.582(3) ±.057(3) 

3.5 3 0.65 (2) 139.5b(3) 85.35(2) 38a±2.8(3) 1.5b (3) 225.5±3.5(3) 

0.65a 144.02a 223.27b 88.48 34.75 1.33 
Breed average 

±0.187 ±6.09 ±22.88 ±3.33 ±0.466 ±11.19 

239.38b 101.75 33.35 
2 1 0.7b (2) 162.95a(2) 2 (5) 

±4.269(5) ±6.968(6) ±0.774(5) 

115 32.16 1.33 246.66 
2.5 2 0.9a(1) 114.4 (1) 

Crossbred ±25.166(3) ±8.027(3) ±2.753(3) ±.577(3) 

0.48ab 52.66b 110 30.42 1.57 245.71 
3 2 

±22.253(7) ±0.327(5) ±16.329(7) ±34.583(5) ±3.952(3) ±0.534(7) 

3.5 3 0.3c(1) 110 (1) 33.7 (1) 32.2 (1) 1(1) 260a(1) 

0.57ab 107.75b 247.94a 61.42 32.03 1.475 
Breed average 

±0.082 ±7.62 ±8.65 ±1.87 ±0.555 ±17.23 

88.33abc 25.66b 158.33 
80.6 (1) 2 (3) 1 1 0.5(1) 

±16.072(3) ±7.637(3) ±2.886(3) 

23.5ab 0.4 55.05 165 
85b(2) Black Bengal 2 1 2 (2) 

±17.07(2) ±7.778(2) ±0.282(2) ±0.282(2) 

2.5 2 - 80c(1) - 31a (1) 2 (1) 150 (1) 

3 3 0.6 (1) 90a(1) 80.6 (1) 30a(1) 1 (1) 170 (1) 

0.50b 85.83c 160.83ab 72.08 27.54 
1.75 Breed average 

±0.094 ±1.909 ±0.094 ±3.554 ±11.04 
LN: lactation number; MY: milk yield; LL: lactation length; LP: lactation production; Lwt: live weight; KR: kidding rate and KI: kidding interval. 
The significant test showed between breed, between age within breed and between lactation within age and breed. 
Parenthesis indicates the number of goat studied. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
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The body weight of goats was changed with the changes 
of age and / or lactation numbers within breeds. For Jamun-
apari and Black Bengal goats higher body weight was ob-
tained at the year 3 to 3.5 of age but no differences was 
found in case of crossbred. 

For kidding rate among three different breeds, no signifi-
cant difference was observed within breed between age and 
but differed in lactation numbers (Table 1). The kidding 
rate of Black Bengal, Jamunapari and crossbred goats was 
1.75, 1.33 and 1.48, respectively. Numerically higher kid-
ding rate of Black Bengal goat proves its reputation of high 
fecundity. The variations were due to the differences of 
breed, age of goats, feeding and managements of estrus. 
Khan and Khatun (2013) observed kidding rate for Black 
Bengal goat was 1.50 to 1.17. However, Rout et al. (1999) 
observed the kidding rate for Jamunapari was 1.60. The 
factors for variation of kidding rate were similar like milk 
yield. The kidding interval differed within breed between 
age and lactation numbers for crossbred only. Kidding in-
terval of Black Bengal goat was lower (161 days) in other 
word the reproductive performance was better in Black 
Bengal goat than Jamunapari (223 days) and crossbred (248 
days). Khan and Khatun (2013) and Talukder et al. (2010) 
observed higher kidding interval than the current study for 
Black Bengal goat they found kidding interval for Black 
Bengal goat was 172 to 188 days. The kidding interval was 
also dependent upon the age of the goats and also the length 
of post partum heat period. Season of previous kidding and 
period of kidding had significant effects on the intervals 
between successive kidding. In second and third lactation 
the kidding interval was higher due to ages of the goats. 
Similar factors were responsible to increase Kidding inter-
val reported by Bhowmik et al. (2013). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Body length and body height of different breeds of goat 
in respect of age and lactation number 
The crossbred goat (57.02 cm) had the highest body length 
than Jamunapari and Black Bengal goat (Table 2). For the 
age group of crossbred goat there is no significant differ-
ences were observed in body length and body height but the 
age groups of Black Bengal goat within breed showed sig-
nificantly different body length and body height. Usually 
the body length and height is used to estimate the body 
weight of the animals. Luo et al. (1997) and Janssens and 
Vandepitte (2004) also reported difference of these meas-
urements within breed and between age group. Body meas-
urements are the key indicator of milk production in goats 
stated by Khan (2010). The result of present study was 
higher than Mandal et al. (2008) and similar with Bingol et 
al. (2012). The variation of body length might be due to 
breed and environmental differences. 
 
Heritability, genetic and phenotypic correlations be-
tween different traits of different goats 
Heritability, genetic and phenotypic correlations between 
different traits of Jamunapari, crossbred and Black Bengal 
goats are presented in Table 3.  

The heritability of all the traits was positive (Table 3). In 
Jamunapari, crossbreds and Black Bengal goat the heritabil-
ity, phenotypic correlations and genotypic correlations of 
milk yield and lactation production was ranged from 0.20 to 
0.23 and 0.29 to 0.31, 0.96 to 0.98 and 0.994 to 0.96, re-
spectively.  

This indicated that milk yield had the positive correlation 
with lactation production. Bagnicka et al. (2004) reported 
the heritability values of milk yield from 0.19 to 0.324 and 
phenotypic correlation 0.247 to 0.355.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 Body length and body height of three different breeds of goat in respect of age and lactation numbers

Breed Age Lactation numbers Body length (cm) Body height (cm)  

1 1 43.18±4.399(3) 50.02±5.865(3) 

2 1 50.8±9.169(3) 50.02±6.391(3) 
Jamunapari 2.5 2 50.62±3.315(8) 60.58±3.327(8) 

3 2 55.55±8.057(4) 61.59±8.89(4) 

3.5 3 57.79±0.899(3) 65.41±0.899(3) 

Breed average - - 51.58b±5.169 60.02±5.072 

2 1 52.71±1.27(5) 60.33±0.734(5) 

2.5 2 54.18±2.931 61.80±3.918(3) 
Crossbred 

3 2 57.68±2.824(7) 64.95±4.831(7) 

3.5 3 63.5(1) 66.04 (1) 

Breed average - - 57.02a±1.496 63.27±3.149 

1 1 43.18c±2.54(3) 54.18a±1.466(3) 

2 1 49.53a±1.796(2) 58.42±3.592(2) 
Black Bengal 

2.5 2 43.18b(1) 58.42b(1) 

3 3 50.8ac(1) 63.5c(1) 

Breed average - - 46.69b±2.167 58.62±2.529 
The significant test showed between breed, between age within breed and between lactation within age and breed. 
Parenthesis indicates the number of goat studied. 
The means within the same row with at least one common letter, do not have significant difference (P>0.05). 
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The heritability value of body weight ranged from 0.29 to 

0.32 for Black Bengal, crossbred and Jamunapari goats 
respectively (Table 3). Estimated heritability value for body 
weight was lower compared with Otuma and Osakwe 
(2008) and Khan (2010), who found heritability value of 
0.42 for Sahelian goats and Beetal goats, respectively. The 
high and positive correlations (either genetic or phenotypic) 
among various traits are important predictor for attempting 
animal improvement (productive and reproductive perform-
ance). More specially, in case of milk yield positive and 
higher correlation with other productive and reproductive 
traits must be valuable tools for making selection/culling 
decision. Besides this, decision on other management fac-
tor/tools should take in account for improvement of animal. 

 

  CONCLUSION 

It can be concluded that the Jamunapari goat produced 
higher daily average milk and higher lactation yield than 
Black Bengal and crossbred produced moderate. The kid-
ding rate and kidding interval of Black Bengal goats were 
also better than Black Bengal breeds. The heritability value 
of body weight, milk yield and lactation production were 
moderate for all traits in all three breeds. The genotypic and 
phenotypic correlations of body weight and milk yield were 
positive with all traits except genetic correlation of body 
weight and lactation production which was negative.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The body length and height had negative phenotypic cor-

relation with lactation production and negative genetic cor-
relation with milk yield and lactation production in all three 
breeds. However, these two traits had negative phenotypic 
correlation with kidding rate, kidding interval, milk yield 
and lactation production and positive genetic correlation 
only with kidding interval in all breeds. 
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Cloning and Expression of Heat Shock Protein 60 kDa 
Gene from Brucella melitensis as Subunit Vaccine 

 

 

  INTRODUCTION 
Brucellosis, a common zoonotic disease, concerns veteri-
narians as well as public health authorities in developing 
countries. Brucellosis is caused by Brucella, a gram nega-
tive, facultative intracellular, partially acid fast coccobacil-
lus lacking capsule or flagellea (Pappas, 2010). This disease 
is characterized by abortion and reduced fertility in animals, 
and also by chronic infections with symptoms such as un-
dulant fever, arthritis, and osteomyelitis in human (Pappas 
et al. 2006). The genus of Brucella consists of more than 

ten species which B. abortus, B. melitensis and B. suis 
cause most of the animal and human diseases. B. melitensis 
that mainly infects goats and sheep is considered as the 
most pathogenic species of Brucella to humans (Franco et 
al. 2007). Many researchers demonstrated that the correct 
identification of pathogens is critical for epidemiological 
studies and for the development of effective preventative 
measures, including vaccination (Ahsani et al. 2010a; 
Ahsani et al. 2010b; Ahsani et al. 2011; Zandi et al. 2014; 
Shahdadnejad et al. 2016). Vaccination against diseases is 
very important as the main prophylactic to reduce losses 

Brucellosis is caused by the bacterium Brucella and affects various domestic and wild species. GroEL (Heat 
Shock Protein 60kDa) as one of the major antigens that stimulate the immune system, increases Brucella 
survival. The aim of the current study was to clone and express GroEL in Escherichia coli in order to de-
sign subunit vaccine. Amplifying was performed using specific primers. The full-length open reading frame 
of this gene was cloned into the expression vector pET-32a(+) and expressed in BL21 (DE3). The ex-
pressed antigen was purified and the molecular weight of the recombinant protein was about 70 kDa. Se-
quencing results along with SDS-PAGE and Western analysis confirmed the expression of recombinant 
GroEL in the heterologous Escherichia coli. The results of colony polymerase chain reaction (PCR), en-
zyme digestion and sequencing showed that the GroEL antigen has been successfully cloned and sub-
cloned into pET-32a(+). The results showed that Escherichia coli was able to express GroEL protein appro-
priately. This protein was expressed by induction with isopropyl β -D-thiogalactoside (IPTG) at concentra-
tion of 1 mM and it was confirmed by Ni-NTA column, sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and Western-blotting electrophoresis. The results of this study showed that Es-
cherichia coli can be used as an appropriate host to produce the recombinant GroEL protein. This recombi-
nant protein may be useful to simulate immune system, to produce recombinant vaccine and diagnostic kit 
in future studies after it passes biological activity tests in vivo in animal model and or other suitable proce-
dure.  

KEY WORDS  expression, GroEL, immunogenicity, recombinant vaccine. 
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due to the disease or minimize its severity (Ahsani et al. 
2010a; Ahsani et al. 2010b; Ahsani et al. 2011; Zandi et al. 
2014). In animals, immunization against Brucella infections 
is usually performed by administration of the live attenu-
ated smooth Brucella strains like B. abortus S19, B. melit-
ensis Rev.1, and non-smooth strain B. abortus RB51 
(Corbel, 2006). However, live attenuated vaccines have the 
limitations of causing abortion in immunized pregnant ani-
mals, being pathogenic for humans, inducing resistant to 
antibiotics and interfering with the lipopolysaccharides-
based serological tests (Cassataro et al. 2005). Up to now, 
there is no commercially available vaccine against human 
brucellosis and the disease is prevented by immunization of 
uninfected animals and elimination of the infected ones 
(Seleem et al. 2010). To develop a human Brucella vaccine, 
those Brucella proteins that exist in Brucella strains patho-
genic to humans but absent in Brucella strains and not 
pathogenic to humans would be ideal for vaccine develop-
ment (Golshani et al. 2015). GroEL gene encodes an inner 
membrane protein of Brucella with about 60 kDa molecular 
weight. This protein belongs to the heat shock protein fam-
ily (HSPs) and can function as a chaperon, so it has an im-
portant role in the structure and folding of other proteins. 
Brucella produces a GroEL antigen in response to macro-
phage phagocytosis in order to increase its survival. GroEL 
is one of the major antigens that stimulate the immune sys-
tem. Furthermore, this antigen has an important role in the 
disease cycle in humans and animals (Al Dahouk et al. 
2007). In a comparative study on two different strains of 
Brucella, the GroEL antigen has been introduced as a good 
candidate for vaccine production and also for development 
of diagnostic kits (Amirmozafari et al. 2008). Polymerase 
chain reaction (PCR) is the most modern practical technol-
ogy in diagnosing infectious diseases and compared with 
classical techniques, it has been shown to be more rapid, 
with results obtained in a few hours, and also more reliable 
(Ahsani et al. 2010a; Mohammadabadi et al. 2004; 
Mohammadabadi et al. 2011). Moreover, PCR allows a 
faster bacterial identification directly from clinical samples 
(Ahsani et al. 2010b). Genotyping, which is based on a 
more stable marker, DNA, is not dependent on gene expres-
sion. Another advantage of genotyping methods is that the 
discriminatory power of DNA-based methods is generally 
superior to that of phenotypic methods. The ability to dis-
tinguish between genomes is important to several disci-
plines of microbiological research, for example in studies 
on population genetics and microbial epidemiology (Ahsani 
et al. 2011; Zandi et al. 2014; Shahdadnejad et al. 2016) of 
great importance when choosing a method for genotyping 
are the typing ability, reproducibility, discriminatory power 
and also the ease and cost of performing the analysis. With 
PCR, selected segments of any DNA molecule can be am-

plified exponentially. The aim of the present study was to 
clone and express GroEL antigen from the B. melitensis 
strain Rev 1. Finally, the recombinant GroEL was purified 
to use as recombinant vaccine to stimulate the immune sys-
tem in further studies.  

 

  MATERIALS AND METHODS 
Bacterial strains, growth conditions and isolation 
B. melitensis strain Rev1 was obtained from the Brucella 
culture collection (Razi Institute, Mashhad, Iran) and was 
cultured as previously described (Delpino et al. 2007). 
DNA was extracted using a DNA extraction kit (Bioneer, 
Korea). The quality and quantity of the extracted DNA 
were analyzed by agarose gel electrophoresis and Nano-
Drop ND-100 spectrophotometer (Thermo, USA). T/A 
cloning vector pTZ57R/T (Thermo, USA) were used for 
cloning and sequencing of the amplified gene. E. coli strain 
TOP10F` was used as host for cloning, sequencing and 
maintenance. The prokaryotic expression vector pET-
32a(+) (Novagene, USA) and E. coli, BL21 (DE3) 
(Stratagene, USA) were used for rGroEL protein produc-
tion. 
 
PCR amplification  
B. melitensis Rev1 genomic DNA was used as template for 
amplification full length open reading frame of GroEL gene 
using EX Taq DNA polymerase (Takara, Japan). The spe-
cific primers with restriction sites at the 5´ end were de-
signed using primer Premier 5, according to the available 
nucleotide sequences in the NCBI GenBank database (Ta-
ble 1). Polymerase chain reaction (PCR) was carried out by 
the Personal Cycler™ thermocycler (Biometra, Germany) 
with the reaction mixture containing 2.5 μL of 10X PCR 
buffer, 2 μL MgCl2 and 2 μL dNTPs, 0.3 μL of the DNA 
solution (50 to 100 ng/μL), 1.5 μL of mix primer (5 
pmol/μL) and 0.125 U/μL of EX Taq DNA polymerase, and 
deionized water up to final volume of 25 μL. The PCR pro-
gram was performed with an initial denaturation step at 94 
˚C for 6 min followed by 27 cycles of denaturation at 94 ˚C 
for 30 sec, annealing at 58 ˚C for 30 sec and extension at 72 
˚C for 45 sec, and a final extension at 72 ˚C for 10 min. 
 
Cloning and nucleotide sequences analysis 
The PCR products were purified from the agarose gel by 
Ron`s Agarose Gel Mini prep Kit (BioRon, Germany) ac-
cording to the instructions provided by the manufacturer. 
The purified PCR products were ligated into pTZ57R/T 
cloning vector by T/A cloning strategy according to the 
manufacturer’s instruction. Competent cell preparation and 
transformation steps were followed as described by 
Sambrook and Russell (2001).  
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The recombinant vectors were transformed into compe-

tent E. coli TOP10F`. The bacterial clones harbouring re-
combinant plasmid DNA were screened based on their am-
picillin resistance. The fidelity of E. coli TOP10 F` trans-
formants was verified by PCR reaction using M13 universal 
primers. The plasmids were purified using the Ron`s Plas-
mid Mini Kit (BioRon, Germany) and were confirmed by 
restriction sites enzyme digestion and sequencing (Bioneer, 
South Korea).  

In order to sub-clone the recombinant GroEL into the ex-
pression vector, recombinant plasmid was subjected to di-
gestion with NcoI and SacI restriction enzymes (Thermo, 
USA). After digestion, the digestion product was electro-
phoresed on low melting agarose gel 0.8% and then puri-
fied. The purified digested product was cloned into the ex-
pression vector pET-32a(+) in which the recombinant pro-
tein is included a six-Histidine tag (His-tag) at the N-
terminal end for easier purification. Standard techniques for 
these steps such as ligation, competent cell preparation and 
transformation were followed as previously described 
(Sambrook and Russell, 2001). Recombinant vectors were 
transformed into competent E. coli BL21 (DE3). The re-
combinant clones harbouring plasmid DNA with inserts 
were screened based on their ampicillin resistance. The 
fidelity of E. coli BL21 (DE3) transformants was verified 
by PCR reaction using T7 universal primers. Recombinant 
plasmids were purified using the Ron`s Plasmid Mini Kit 
(BioRon, Germany) and confirmed by restriction enzyme 
digestion. Purified plasmids were subjected to sequencing 
(Bioneer, South Korea). 
 
Expression, confirmation, and purification 
The positive recombinant construct was cultured in LB am-
picillin medium. Protein synthesis was induced using 0.1 
mM isopropyl β -D-thiogalactoside (IPTG) in recombinant 
bacterial culture with OD 600. Bacteria were incubated for 
5 h at 37 ˚C then harvested by centrifugation (3000 g, 20 
min, 4 ˚C) and stored at -80 ˚C. The pellet from a 100 mL 
bacterial culture was suspended in lysis buffer (Tris 50 
mM, EDTA 5.0 mM, urea 8.0 M, pH=8.0) and was lysate 
with sonication. Lysed cells were centrifuged at 9000 g for 
15 min at 4 ˚C to separate the supernatant containing solu-
ble materials from the pellet. Both the supernatant and the 
pellet were evaluated on SDS-PAGE 10% to analysis the 
expression of rGroEL. 

Expressed protein was purified by chromatography 
through Ni-agarose (Thermo, USA) from insoluble phase of 

 
 
 
 

 

Table 1 The specific primers with restriction sites 
Primer sequences (5’  3’) Restriction enzyme Length (bp) 

CCATGG

lysate using guanidine hydrochloride 6 M to dissolve the 
pellet according to the instructions provided by the manu-
facturer.   

The quality and identity of the purified rGroEL protein 
were analysed by SDS-PAGE (10%) and western blotting 
assay. For western blotting, the SDS-PAGE gels were elec-
tro blotted onto nitrocellulose. The blotted nitrocellulose 
was then blocked with skim milk for 3 h. The membranes 
were washed three times and then Anti Poly-Histidine-HRP 
(Sigma) (1:2000 diluted in BSA 1%) was added. After 1 h 
incubation at room temperature and washing, diaminoben-
zidine (DAB) as chromogen was employed for visualiza-
tion. Finally, the quantity of the recombinant protein was 
estimated using Bradford assay. The purified rGroEL pro-
tein was stored at -20 ˚C for further evaluation of immuno-
genicity and protective efficacy in mice.  

 

  RESULTS AND DISCUSSION 
PCR amplification and cloning  
The GroEL gene from B. melitensis Rev1 was amplified 
and the accuracy of this fragment was visualized on agarose 
gel electrophoresis (Figure 1).  

Consequently, the amplified products were successfully 
ligated into cloning vector and transformed into competent 
E. coli TOP10F` cells. After screening positive colonies 
using colony-PCR, the integrity of the recombinant plas-
mids was confirmed by restriction digestion. 

 
Expression and purification of recombinant protein 
Expression of the rGroEL gene in E. coli cells bearing re-
combinant plasmids was analyzed by SDS-PAGE and 
Western blotting (Figure 2). The best induction time was 
reached by selecting the induced bacteria samples at time 
T1, T2 and T3 and the highest expressing colony was in T3 
(Figure 2.A). Ni-agarose chromatography was used to 
achieve proteins purification and the quality of purified 
protein was confirmed by SDS-PAGE and Western blotting 
with the Anti Poly-Histidine-HRP. 

Recently, many efforts have been made to identify new 
immunogens in Brucella using immune approaches. How-
ever, not all of these new targets showed in vivo protective 
efficacy (Yang et al. 2013). Resistance to facultative intra-
cellular bacterial pathogens mainly depends on acquired 
cell-mediated resistance which activates specific T lympho-
cytes followed by macrophages activation for increasing 
killing of such organisms (Zhan et al. 1996).  

`3-ATGGCTGCAAAAGACGTAAAATTCGA-`5:F NcoI 
1641  

GAGCTC SacI `3-TTATTAGAAGTCCATGCCGCCCATGCA-`5:R 
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An important protection activity inducer in monocytes 

and macrophages is the interferon gamma (Ritchie et al. 
2012). Th1 CD4 + T cells which producing interferon 
gamma are responsible for macrophage activation and at-
traction of inflammatory effector cells, and also play a role 
in acquired cellular resistance. Identification and charac-
terization of specific antigens that induce preferentially a 
Th1 subset response would be important for the develop-
ment of protective recombinant vaccines against Brucella. 
HSPs are major antigens which eliciting humoral and cell-
mediated immune responses against different bacterial 
pathogens (Bae and Toth, 2000). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 PCR products of GroEL gene with 1641 bp length

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 

 

Figure 2 A: SDS-PAGE analysis of the recombinant protein  
Line 1: pET-32a as negative control; 2: total cell lysate of E. coli BL21 (DE3) containing pET32a-GroEL showing the expression of 
before induction; Line 3, 4 and 5: total cell lysate of E. coli BL21(DE3) containing pET-32a- GroEL showing the expression in differ-
ent time point (after 1, 2, and 4 hours) by IPTG  
B: purified protein  
C: Western blotting profile of the rGroEL protein 
Pre-stained protein marker (Thermo, USA) with 9 bands

GroEL as a common heat-shock protein present in differ-
ent type of pathogens induces humoral and cellular immune 
responses in host models (Silva, 1999). In this study, 
GroEL gene as a dominant B. melitensis Rev l antigen was 
candidate for cloning and expression in order to use as effi-
cient subunit vaccine. 

Due to the importance of high-level production of re-
combinant protein in immunological studies, the fusion was 
cloned in pET-32a(+) expression vector. The pET is the 
most powerful system has so far been developed for the 
cloning and expression of the recombinant proteins in E. 
coli.  
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The pET32 series is designed for cloning and high-level 
expression of peptide sequences fused with the 109aa 
Trx•Tag™ thioredoxin protein. Cloning sites are available 
for producing fusion proteins also containing cleavable 
His•Tag® and S•Tag™ sequences for detection and purifi-
cation. Target genes are cloned in pET plasmids under con-
trol of strong bacteriophage T7 transcription and translation 
signals where expression is induced by providing a source 
of T7 RNA polymerase in the host cells. T7 RNA poly-
merase is so active that when fully induced, almost all of 
the cell’s resources are converted to the target gene expres-
sion (LaVallie et al. 1993). Sequencing of the cloning prod-
uct confirmed the integrity of the cloning. The plasmid con-
struct pET-32a-GroEL was transferred into E. coli BL21 
(DE3) containing T7 RNA polymerase and the expression 
was induced by the addition of IPTG. Successfully induced 
expression by different concentration of IPTG and high 
level production of the fusion demonstrated the high effi-
ciency of our fusion construct. 

 

  CONCLUSION 

Brucellosis is a common zoonotic disease that can infect 
domestic animals and till today there is no recombinant 
vaccine for it. Protein recombinant vaccines are feasible 
than live or poor bacterial vaccine because it can be pro-
duced in large scale and also are safe for recipient host. 
Therefore, the aim of the present study was to clone and 
expression of one candidate B. melitentis antigen GroEL in 
order to designing suitable recombinant vaccine. In order to 
produce rGroEL the cloning and expression were done suc-
cessfully and results of sequencing and also SDS-PAGE 
and Western blotting confirmed rGroEL production. The 
evaluation of humoral and cellular immune responses of 
this antigen against Brucella melitensis infection in mice 
has already initiated in our laboratory. 
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Effects of Utilizing Disposed Fish of White Nile 
River on Performance of Layers', Gezira, Sudan 

 

 

  INTRODUCTION 
Poultry has seen the greatest increase in production in re-
cent decades and this trend will likely continue. Both poul-
try eggs and meat are well positioned to meet demands for 
increased supply from our growing world population. The 
importance of poultry as a source of high quality protein in 
the form of meat and eggs had been established for a long 
time. The advance technology in management of poultry 
farms with specialized breeds and feed companies made 
eggs and poultry meat more widely available throughout 

the world than before. Recently, the wide fluctuation in 
ingredient costs has led to greater emphasis on poultry pro-
duction economics. If wastes and neglected by-products 
from agriculture and food industry could be transferred into 
animal protein, this would solve a great problem, helping 
people of developing countries to avoid hunger and spare 
cereals and legumes for human consumption (Al-Harthi et 
al. 2009). The eggs production was increased as consumers 
become more educated about the nutritive value of the egg. 
Eggs are relatively inexpensive per unit of protein and en-
ergy contained in yolk and albumen, so eggs consumption 

An experiment has been performed to utilize the wasted and disposed fish from White Nile River after sim-
ple heat treatments (Sun drying, roasting, direct boiling and indirect boiling) in layers’ rations from 19 up to 
40 weeks to replace the imported concentrate with the levels of 0, 1.5, 3.5 and 5% for all heat treatments. 
The crude protein of treated fish was 50.75, 52.50, 50.55 and 50.05% for sun drying, roasting, direct boiling 
and indirect boiling, respectively and for super concentrate 31.50%. Rations had been formulated according 
to NRC, 1994 recommendations. A total of 390 birds of Hy-line W-98 at 19 week of age were randomly 
distributed for groups, 5 group (6 replicate/13 birds). The performance of layers during the productive pe-
riod (22 up to 40 weeks) showed significant differences (P<0.05) for feed intake, body weight gain, egg 
production and egg quality characteristics among treatment groups. The sun dried, roasted and supper con-
centrate respectively had the highest feed intake and body weight, while indirect boiling and boiling fish 
showed the lowest one. Sun dried 1.5%, roasted 1.5 and 3.5% levels and supper concentrates were the best 
egg production percentages and weights while the indirect boiling and direct boiling treatments were the 
lowest ones. There were no any significant differences among treatments for egg shell, weight, shell thick-
ness and panel test. The study recommended the utilization of local wasted and disposal fish of White Nile 
River in substitution of imported concentrates in layers rations.  

KEY WORDS  disposed fish, egg characteristics, indirect boiling, layers, roasting. 
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continues to increase in developing countries. The crude 
protein for fish meal in Sudan is 43.5% with 9.6% content 
of ether extract (Omer, 2000). The sun-drying time for (5 
and 7 days) were similar in crude protein (50.77%) and 
ether extract (17.13%) (Elobied, 2003). Based on these ob-
servations, some studies have shown that poultry by-
product meal cannot replace more than 50% of fish meal in 
fish diets (Fowlerm, 1991), but other studies have shown 
that with the recent improvement of the quality of poultry 
by-product meal it could replace 75% or 100% of fish meal 
without significant decrease in fish growth (Alexis et al. 
1985). Objectives of the study to make use of the disposed 
fishes of the White River Nile in Sudan after a certain sim-
ple local treatments, i.e. (sun drying, roasting, direct boiling 
and indirect boiling) and to replace the imported concen-
trate for layers diets from 19 weeks (pre-production period) 
through the production period up to 40 weeks of age.  

 

  MATERIALS AND METHODS 
Site of the study 
The experiment had been carried out at Rural Development 
and Extension Center, Faculty of Animal Production, Uni-
versity of Gezira, El-Managil town Gezira State, Sudan, 
(14.25 N-32.99 E, 76 km. western Wad-Medani town) dur-
ing the period from May 2013 to August 2013. The tem-
perature at the Gezira State ranged between 20 ˚C to 47 ˚C; 
with relative humidity 45-80% while the raining level dur-
ing autumn season (July, August, September and October) 
ranges between 110-120 mL (ARC, 2008).  
  
Local disposed fish collection and preparations 
More than 500 kg of disposed fish was brought from the 
White Nile River, Khor Abugassaba site 15 km north 
Eldueim town, central Sudan in April 2012. Usually after 
the flood season some fish are trapped at cultivated rice and 
irrigation canals. When the water run out, trapped fish are 
naturally died with some spoilage symptoms. Different fish 
types have been collected and identified which include: 
Tilapia spp. (Bulti), Mormyrius niloticus (Khshmelbanat), 
Shilbe mystus (Shellbaya), Labeo nilotcus (Debsa), Syno-
dontis nilotcus (Gurgor) and Protopterus aethiopicus (Um-
koru).  

The whole quantity has been grinded by commercial mill 
then the raw grinded fish stored in a plastic bag to avoid 
moisture, microbial contamination and parasites (Tables 1 
and 2). Then the raw ground fish was treated by heat as the 
flowing treatments: 
 
Sun drying treatment (SDT) 
A quantity of fish were treated by sun drying in which 125  
kg of raw ground fish were exposed to direct sun radiation.  

A screen-net was used to protect processing fish meal 
from all direct contact with animals and insects. The sun-
treated fish were exposed to direct sun radiation for 72 
hours. The sun-dried fish was weighed and stored in plastic 
bags to avoid moisture, microbial contamination and para-
sites and put in a clean and aerated room.  
 
Roasting treatment (RT) 
Approximately 125 kg of raw ground fish was treated by 
roasting in special local designed metal drum. The metal 
drum was exposed to moderate stove gas fire for 15 
minutes with manual turned drum. The roasted product was 
weighed and stored in a plastic bags and put in a clean and 
aerated room.  
 
Direct boiling treatment (DBT) 
The direct boiling treatment depend on cooking about 125 
kg of raw grinding fish on an alumium pots and gas stove. 
Tap water was boiled, after water start boiling gradually 
raw fish added, then the mixture boiled for 20 minutes on 
gas stove, then the mixture dried by air in the cage which 
been used for the first treatment then the direct boiling fish 
meal was weighed and stored in a plastic bags and put in a 
clean and aerated room.   
 
Indirect boiling treatment (IBT) 
Locally constructed pots were made of double wall 
aluminum, similar to waterpass aim. The heats from gas 
stove during the treatment was transmitted via water 
between wall of aluminum pots. The raw ground fish were 
placed inside the inner pots and tap water was poured in the 
space between the two bowls, that will transferred the heat 
indirectly to the raw ground fish, which subjected to the 
indirect boiling fish. The double bowl was covered. The 
treatments for ground raw fish depend on gas stove fire 
process till the water boiling point, then left for fifteen 
minutes. Then indirect boiling fish subjected to drying via 
screen-net cage. Then, the indirect boiling fish was weighed 
and stored in a plastic bag and put in a clean and aerated 
room.  
 
Chemical analyses of the treated samples 
Table 3 show the samples chemically analyzed according to 
AOAC (2005) at biochemistry lab, Faculty of Veterinary, 
University of Khartoum and Soba National Laboratory. 
Metabolizable energy (ME) value of the feed ingredients 
were calculated according to equation of Ellis (1981): 
  
ME= 1.549 + 0.0102 CP + 0.0275 EE + 0.0148 NFE - 
0.0034 CF 
 
Where: 
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CP: crude protein. 
EE: ether extracts. 
NFE: nitrogen free extract. 
CF: crude fibre. 
 
Experimental birds 
A total of 390 pullets of Hy-line W-98 at 19 weeks of age 
were used. The pullets were randomly distributed in 13 
treatment groups, each replicated 3 times with 10 birds per 
replicate, to test the disposal White River Nile fish with 
supper concentrate.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Statistical analysis 
Analysis of variance ANOVA, Steel and Torrie (1980) was 
performed on all data using the CRBD procedure of SPSS 
(2012). Differences between dietary treatments were tested 
using Duncan (1955). 
 
Experimental rations 
The diet was formulated according to Hy-line W-98 per-
formance standards manual (Tables 1 and 2). The diets 
were used during the pre-productive period and the produc-
tion period. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Table 1 Ingredients and calculated analysis of the experimental diets fed to laying hens during pre-production and production periods (19-40 weeks of age)*

Level of inclusion 

 

Ingredients (%) 

Sun dried 

DF1. 5% 

Sun dried 

DF. 3.5% 

Sun dried 

DF. 1.5% 

Roasted  

DF. 5%  

Roasted  

DF. 3.5% 

Roasted  

DF. 1.5% 
Supper concentrate 
5% (control group) 

Sorghum grain 54 54 54 54 54 54 54 

Groundnut cake 12.01 12.01 12.01 12.01 12.01 12.01 12.01 

Wheat bran 18 18 18 18 18 18 18 

Local treated fish meal 5 3.5 1.5 5 3.5 1.5 0 

Imported concentrates 0 1.5 3.5 0 1.5 3.5 5 

Dicalcium phosphate  0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Limestone 10 10 10 10 10 10 10 

Salt (NaCl) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

Lysine-HCl 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

DL-methionine 0.04 0.04 0.04 0.04 0.04 0.04 0.04 

Antitoxins 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Premix2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Total 100 100 100 100 100 100 100 

Calculated analysis 

ME (kcal/kg) 2823.26 2829.72 2834.57 2823.25 2829.72 2834.57 2818 

Protein (%) 16.88 17.20 17.44 16.917 17.28 17.56 16.64 
* Diets formulated according to Hy-line W-98 Performance Standards Manual. 
1 Disposed fish. 
2 Supplied per kilogram of diet: vitamin A (retinyl acetate+retinyl palmitate): 6050 μg; vitamin D

3
: 55 μg; vitamin E (α-tocopheryl acetate): 22.05 μg; vitamin K

3
: 2 mg; vitamin 

B
1
: 5 mg; vitamin B

2
: 6 mg; vitamin B

3
: 60 mg; vitamin B

6
: 4 mg; vitamin B

12
: 0.02 mg; Pantothenic acid: 10.0 mg; Folic acid: 6 mg; Biotin: 0.15 mg and Ethoxyquin: 0.625 mg. 

Table 2 Ingredients and calculated analysis of the experimental diets fed to laying hens during pre-production and production periods (19-40 weeks of age)*

                Level of inclusion     
                                

Ingredients (%) 
Direct boiling 

DF1. 5% 
Direct boiling DF. 

3.5% 
Direct boiling 

DF. 1.5% 
Indirect boiling DF. 

5% 
Indirect boiling DF. 

3.5% 
Indirect boiling 

DF. 1.5% 

Sorghum grain 54 54 54 54 53.97 54 

Groundnut cake 12.01 12.01 12.01 12.01 12.04 12.01 

Wheat bran 18 18 18 18 18 18 

Local fish meal 5 3.5 1.5  5 3.5 1.5 

Imported concentrates 3.5 1.5 0 3.5 1.5 0 

Dicalcium phosphate 0.25 0.25 0.25 0.25 0.25 0.25 

Lime stone 10 10 10 10 10 10 

Salt (NaCl) 0.3 0.3 0.3 0.3 0.3 0.3 

Lysine-HCl 0.1 0.1 0.1 0.1 0.1 0.1 

DL-Methionine 0.04 0.04 0.04 0.04 0.04 0.04 

Antitoxins 0.2 0.2 0.2 0.2 0.2 0.2 

Premix2 0.1 0.1 0.1 0.1 0.1 0.1 

Total 100 100 100 100 100 100 

Calculated analysis 

ME (kcal/kg) 2823.25 2829.72 2834.57 2823.26 2829.70 2830 

Protein (%) 16.89 17.22 17.40 16.88 17.18 17.44 
* Diets formulated according to Hy-line W-98 Performance Standards Manual. 
1 Disposed fish. 
2 Supplied per kilogram of diet: vitamin A (retinyl acetate+retinyl palmitate): 6050 μg; vitamin D

3
: 55 μg; vitamin E (α-tocopheryl acetate): 22.05 μg; vitamin K

3
: 2 mg; vitamin B

1
: 

5 mg; vitamin B
2
: 6 mg; vitamin B

3
: 60 mg; vitamin B

6
: 4 mg; vitamin B

12
: 0.02 mg; Pantothenic acid: 10.0 mg; Folic acid: 6 mg; Biotin: 0.15 mg and Ethoxyquin: 0.625 mg. 
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  RESULTS AND DISCUSSION 
Chemical analyses of treated disposed fish samples 
Table 1 shows chemical analyses of the treated disposed 
fish samples and feed ingredients used in the experiments. 
Metabolizable energy was calculated using Ellis (1981) 
equation ME MJ/kg (0.004184 kcal/kg= 1.549 + 0.012 CP 
+ 0.0275 EE + 0.0148 NFE - 0.0034 CF). The crude protein 
content of treated disposed fish for sun-dried, roasting, di-
rect and indirect boiled samples of treated disposed fish 
were very high (50.75, 52.50, 50.55 and 50.05%, respec-
tively) compared to super concentrate (34.41%). Ether ex-
tract content of treated disposed fish samples scored < 8% 
compared to imported super concentrate-control (3.3%). 
The crude fibre of treated disposed fish samples scored < 
4.06% and super concentrate was 13.88%. The nitrogen 
free extract value was scored < 4.56%, which was less than 
value of super concentrate (25.81%). All treated disposed 
fish ash content, calcium and phosphorus was high than 
imported supper concentrated. Calculated ME values for 
testing treated disposed fish scored < 9.876 MJ/kg with low 
value for imported super concentrate (9.294 MJ/kg) com-
pared to all treated disposed fish. The chemical composition 
of treated disposed fish and the feed stuffs used were shown 
in Table 1. All of the treated disposal fish samples were a 
good source of protein and its protein content was very 
close to many previous studies (Omer Dar-elgalal, 2012; 
Salih et al. 2012).  
 
Feed intake (g/bird/week) 
Tables 4a, 4b and 4c show a significant differences 
(P<0.05) in the feed intake of treated disposed fish and con-
trol during the pre-production period. Mutayoba et al. 
(2003) found out that, the feed intake during 19th to 21th 
weeks were less than the present study, also the present 
study results of feed intake was higher than Chowdhury et 
al. (2005). Additionally Shim et al. (2013) reported that 
feed intake were 87.96 to 90.96 g/bird/day during the pe-
riod (19-21 week), which was higher than the present study 
results. 

 

 

 

 

 
 
 
 

Table 3 Proximate analyses of the ingredients used in feed formulation
Proximate analyses  

*ME (kcal/kg) CP (%) EE (%) CF (%) Ash (%) NFE (%) Ca (g/kg) P (g/kg) 
Ingredients 

2395.55 50.75 9.20 4.06 30.45 6.04 49.10 29.62 Sun-dried fish 
2418.61 52.50 8.32 5.05 29.85 6.22 48.81 30.54 Roasted fish  
2370.62 50.55 9.43 6.12 32.95 4.56 48.84 29.37 Direct boiled fish  
2360.24 50.05 8.60 4.65 30.05 5.61 53.59 33.79 Indirect boiled fish  
2088.66 31.50 3.30 13.88 22.60 6.50 14.25 7.75 Imported Concentrates 
2306.82 13.26 2.63 8.41 19.25 56.45 0.44 0.26 Sorghum 
2516.45 43.75 4.57 15.03 11.88 24.77 0.55 0.64 Groundnut cake  
2023.92 14.00 4.83 23.98 5.05 52.14 0.32 7.75 Wheat bran 

ME: metabolizable energy; CP: crude protein; EE: ether extracts; CF: crude fibre and NFE: nitrogen free extract. 
* Calculated metabolizable energy according to equation of Ellis (1981). 

Body weight 
Table 5 show the growth performance of pre-layers body 
weight during the pre-production period showed the same 
variation of progress in body weight during the growing 
period with a little increase in weight gain. The present 
results of body weight were less than Al-Harthi et al. 
(2009) who found the body weight at the 20th week were 
(1303.8 to 1342.83 g/bird). 
 
Body weight (g/bird/2 weeks) 
Table 5 showed the body weight of the treated disposed fish 
concentrate compared to the control, which shown a sig-
nificant difference (P<0.05) among the different treatments 
when compared with each other. Generally, the treatments 
of sun-dried fish (1.5%) was showed high body weight, 
followed by roasted fish (1.5 and 3.5%), control and roasted 
fish (5%), sun-dried fish (3.5 and 5%), while the different 
level of direct boiled fish and indirect boiled fish were 
showed lower body weight compared to other treatments. 
The body weight was affected significantly (P>0.05) as 
treated disposed fish substituted with supper concentrate. 
However, the best body weights achieved with the experi-
ment were less than standards manual performance. The 
results in the present study were similar to Rao et al. 
(2011), while were less than the results found by Sirirat et 
al. (2013). 
 
Egg production (% egg/week) 
Data for table egg production (%) were summarized in Ta-
bles 6a and 6b. The average of weekly egg production (%) 
was showed significant different (P<0.05) among the treat-
ment groups of treated disposed fish concentrate and supper 
concentrate.  

The sun-dried fish (1.5%) showed the best egg produc-
tion (%) throughout the production period followed by 
roasting fish (1.5 and 3.5%) and the control, especially dur-
ing the 27th to 40th weeks. The results in the present study 
results were less than egg production (%) for Dickey et al. 
(2012), while the present results were similar to Rao et al. 
(2011) and higher than Novak et al. (2006).  
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Table 4a Means of weekly feed intake and weight gain during pre-production period (19-21 weeks) 

Feed intake/week (g/b/w)  Body weight/week (g) 
Treatments 

19th 20th 21th  19th  20th 21th 

Sun-dried fish 1.5% 641.67ab 672.33abc 674.68de  1292.12a 1294.13a 1295.09a 

Sun-dried fish 3.5% 574.16cde 600.68cde 671.00de  1229.17e 1229.35e 1232.11e 

Sun-dried fish 5% 648.00ab 671.35abc 694.02bcde  1206.02f 1207.12f 1211.35f 

Roasted fish 1.5% 644.17ab 688.66ab 660.18e  1281.11ab 1282.85ab 1284.35ab 

Roasted fish 3.5% 654.00a 715.00a 681.50cde  1277.39b 1280.70b 1282.89b 

Roasted fish 5% 641.83ab 676.00ab 623.82e  1263.73c 1262.81c 1261.20c 

Direct boiled fish 1.5% 566.66cde 627bcde 684.31bcde  1170.54g 1181.95g 1183.57g 

Direct boiled fish 3.5% 537.68de 587.33de 737.00bcd  1179.1g 1179.94g 1182.71g 

Direct boiled fish 5% 530.33e 572.34e 686.98bcde  1163.50g 1164.95g 1163.64g 

Indirect boiled fish 1.5% 600.00bc 598.71cde 758.32b  1163.61gh 1169.23gh 1167.71gh 

Indirect boiled fish 3.5% 585.01cd 643.66abcde 753.00bc  1150.16i 1154.19i 1158.49i 

Indirect boiled fish 5% 615.66abc 695.01ab 848.64a  1165.92gh 1171.7gh 1176.83gh 

Control 5% concentrates 667.00a 650.00abcd 753.00bc  1234.64cd 1234.95cd 1250.86cd 

SEM 4.58 6.30 6.25  4.6 4.7 5.17 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 4b Means of weekly feed intake (g/bird/day) during the production period from 22-30 weeks 

Age in weeks 

Treatments 
22th 23th 24th 25th 26th  27th  28th 29th 30th 

Sun-drying fish 1.5% 86.038a 88.34a 89.61b 90.23bc 90.70abc 92.20a 92.71a 92.78a 92.74a 

Sun-drying fish 3.5% 82.47d 84.79d 87.80d 88.16e 90.67abc 92.24a 92.67a 92.75a 92.71a 

Sun-drying fish 5% 81.02e 83.32e  86.32e  86.71f  89.22cd  90.74bc 91.22bc 91.30bc  91.26bc 

Roasting fish 1.5% 85.37b 87.69b 90.70a 91.11a 91.87a 92.23a 92.71a 92.79a 92.77a 

Roasting fish 3 5% 84.98b 87.31b 90.27a 90.69ab 91.55ab 91.27abc 91.76abc 91.85abc 91.81abc 

Roasting fish 5% 83.59c 85.86c 88.89c 89.31d 91.17ab 90.63c 91.14c 91.21c 91.17c 

Direct boiling fish 1.5% 79.95f 82.21f 84.60g 85.02gh 86.20e 87.23e  87.75e 87.81e 87.77e 

Direct boiling fish 3.5% 79.56fg 81.82fg 84.15gh 84.60hi 85.74e 87.39e 87.54e 87.62e 87.58e 

Direct boiling fish 5% 78.26h 80.53h 83.56h 83.89i 86.04e 87.20e 87.71e 87.79e 87.75e 

Indirect boiling fish 1.5% 78.15h 80.46h 84.70g 85.28gh 87.76d 89.25d 89.75d 89.84d 89.83d 

Indirect boiling fish 3.5% 79.07g 81.31h 84.81g 85.27gh 87.80d 89.27d 89.78d 89.91d 90.21d 

Indirect boiling fish 5% 79.18g 81.50g 85.56f 85.60g 88.05d 89.61d 90.05d 90.13d 90.91d 

Control 5% concentrates 83.95c 86.19c 89.22bc 89.61cd 90.13bc 91.60ab 92.16ab 92.21ab 92.17ab 

Manual standard  92 92 95 96 97 97 98 98 98 

SEM  0.141 0.141 0.230 0.231 0.475 0.309 0.309 0.309 0.309 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 4c Means of weekly feed intake (g/bird/day) during the production period from 31-40 weeks

Age in weeks 

Treatments 
31th 32th 33th 34th 35th 36th  37th 38th 39th 40th 

Sun-drying fish 1.5% 93.74a 95.75a 97.19a 97.94a 98.00a 98.38a 98.46a 98.54a 99.24a 100.23a 

Sun-drying fish 3.5% 93.71a 95.72a 97.21a 97.89a 97.97a 98.34a 98.43a 98.51a 99.21a 100.24a 

Sun-drying fish 5% 92.25b 93.67cd 95.18cd 95.89cd 95.96bc 96.31b 96.40bc 96.48bc 97.18bc 98.16bc 

Roasting fish 1.5% 93.65a 95.78a 97.26a 97.97a 98.03a 98.40a 98.49a 98.56a 99.27a 100.26a 

Roasting fish 3.5% 92.81abc 94.84ab 96.29ab 97.00ab 97.69ab 97.44a 97.53ab 97.61ab 98.31ab 99.30ab 

Roasting fish 5% 92.17b 94.17bc 95.67bc 96.79bc 97.31a 97.67a 97.76a 97.84a 98.54a 99.53a 

Direct boiling fish 1.5% 88.79d 90.77e 92.28e 92.96e 93.77e 94.01c 94.16e 94.18e 94.88e 95.87e 

Direct boiling fish 3.5% 88.58d 90.57e 92.08e 92.80e 93.41e 93.92c 94.0e 94.09e 94.79e 95.78e 

Direct boiling fish 5% 88.19d 90.54e 91.86e 92.98e 94.24de 94.01c 94.72de 94.80de 95.50de 96.49de 

Indirect boiling fish 1.5% 90.65c 92.84 d 94.31d 95.05d 95.07cd 95.43b 95.54cd 95.60cd 96.31cd 97.29cd 

Indirect boiling fish 3.5% 90.81c 91.81 d 93.34d 94.01d 94.97cd 95.44b 95.43cd 95.64cd 96.29cd 97.59cd 

Indirect boiling fish 5% 91.09c 93.10d 94.83cd 95.54d 95.59c 96.10b 96.19 c 96.27c 96.97c 97.96c 

Control 5% concentrates 92.83ab 94.83ab 96.33ab 97.02ab 97.09ab 97.46a 97.55ab 97.63ab 98.32ab 99.33ab  

Manual standard  98 98 98 99 99 99 99 99 99 99 

SEM 0.306 0.323 0.316 0.334 0.409 0.355 0.384 0.384 0.384 0.384 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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Generally, sun-dried and roasting and the control have the 
best performance during production period. 

Table 5 Means of Body weight (g/bird/2weeks) during the whole production period 

Age in weeks  

Treatments 
22th 24th 26th 28th 30th 32th 34th  36th 38th 40th 

Sun-drying fish 1.5% 1296.01a 1301.91a 1310.07a 1321.22a 1330.34a 1339.11a 1350.74a 1361.18a 1370.62a 1382.02a 

Sun-drying fish 3.5% 1234.35d 1240.41d 1248.30d 1257.54d 1268.30d 1278.58d 1289.61d 1297.57d 1308.09d 1316.37d 

Sun-drying fish 5% 1209.42e 1215.62e 1223.81e  1234.28e  1242.75e 1253.33e 1265.27e 1275.13e 1283.51e 1294.79e 

Roasting fish 1.5% 1284.66b 1290.04b 1298.27b 1305.00b 1319.51b 1328.49b 1338.58b 1349.04b 1358.45b 1367.91b 

Roasting fish 3.5% 1278.49b 1284.78b 1292.95b 1303.76b 1312.08b 1321.83b 1332.00b 1342.94b 1353.67b 1362.00b 

Roasting fish 5% 1253.59c 1259.67c 1268.63c 1275.63c 1286.19c 1295.95c 1307.67c 1317.01c 1326.55c 1337.55 

Direct boiling fish 
1.5% 

1190.17f 1196.09f 1204.25fg 1215.05g 1224.09g 1236.91g 1245.01g  1256.24g 1268.68g 1276.34g 

Direct boiling fish 
3.5% 

1183.84fg 1189.84f 1197.31g 1208.85g 1216.34g 1225.74g 1237.29g 1248.89g 1252.40g 1267.33g 

Direct boiling fish 5% 1161.19h 1167.25i 1174.33i 1188.27h 1195.49h 1206.88h 1216.55h 1225.29h 1237.92h 1246.24h 

Indirect boiling 
fish1.5% 

1165.58h 1176.98g 1189.11h 1210.42g 1222.16g 1231.66g 1239.75g 1245.67g 1259.00g 1267.76g 

Indirect boiling  
fish3.5% 

1160.23h 1175.07g 1182.94h 1207.94g 1218.88g 1229.43g 1236.98g 1248.73g 1255.33g 1271.52g 

Indirect boiling fish 
5% 

1177.45g 1192.94f 1206.38f 1224.53f 1235.42f 1247.82f 1255.69f 1264.37f 1276.54f 1285.48f 

Control 5% 
concentrates 

1259.41c 1265.38c 1270.54c 1285.31c 1292.87c 1304.12c 1315.65c  1324.74c 1337.78c 1345.07c 

SEM 2.440 2.435 2.435 2.435 2.435 2.435 2.435 2.435 2.435 2.435 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 6a Means of daily egg production (%) during 22-30 weeks  

Daily egg production at different age (%)  
Treatments 

22th 23th  24th 25th  26th  27th  28th 29th 30th 

Sun-dried fish 1.5% 59.21a 62.28a  65.91a  70.77a 73.70a 77.01a 80.81a 85.34a 89.21a 

Sun-dried fish 3.5% 56.75de 60.06cde 63.69cd 68.46cde 70.75de 74.54de 78.68bc 83.25cd 86.75cd 

Sun-dried fish 5% 56.12ef 59.43ef 62.45de 67.48def 70.43de 73.50fg 77.74cd 82.17de 85.79de 

Roasting fish 1.5% 58.68ab 62.08a 65.68ab 70.15ab 72.69ab 76.48ab 80.54a 85.15ab 88.92a 

Roasting fish 3.5% 58.43abc 61.49ab 65.43ab 69.90abc 72.80ab 76.25abc 80.36a 84.65ab 88.43ab 

Roasting fish 5% 57.48cd 60.55bcd 64.51bc 69.04bcd 71.13cd 75.28cd 79.75ab 83.98bc 87.48bc 

Direct boiled fish 1.5% 55.48fg 58.62f 61.91e 56.88g 67.91f 71.76h 75.51e 83.84f 83.85f 

Direct boiled fish 3.5% 54.74gh 58.45f 59.75f 63.67h 66.11g 69.60i 73.73f 78.33g 81.80g 

Direct boiled fish 5% 54.29h 56.89g 58.58f 62.51h 64.63h 68.36j 72.73f 77.36g 80.89g 

Indirect boiled fish 1.5% 55.45fg 58.51f 62.28e 66.25fg 69.51e 72.71gh 77.05d 81.71e 85.24e 

Indirect boiled fish 3.5% 56.16ef 59.53def 63.10de 66.93efg 70.55de 73.97ef 78.06cd 82.60de 86..15cde 

Indirect boiled fish 5% 55.79efg 59.12ef 63.03de 67.25efg 70.03de 73.46fg 77.59cd 82.25de 85.70de 

Control 5% 57.66bcd 60.73bc 64.100ab 68.13de 72.03bc 75.46bcd 79.59ab 84.46abc 87.33bc 

SEM 0.336 0.336 0.404 0.500 0.399 0.335 0.409 0.437 0.437 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 6b Means of daily egg production during 31-40 weeks 

Daily egg production at different age (%)  
Treatments 

31th 32th 33th 34th 35th 36th 37th 38th 39th 40th 

Sun-dried fish 1.5% 91.41a 91.41a 90.95a 90.48a 90.54a 89.21a 88.28a 88.45a 86.46a 86.19a 

Sun-dried fish 3.5% 89.28cd 89.32c 88.48cd 88.52cd 88.08cd 86.75cd 86.15cd 86.13de 84.35cd 83.72cd 

Sun-dried fish 5% 88.32de 87.72c 87.85de 86.51de 86.79ef 85.79de 85.19de 85.50ef 83.37de 83.10de 

Roasting fish 1.5% 90.80ab 90.23ab 90.13ab 90.07ab 89.60ab 88.60ab 87.97a 87.97ab 86.28ab 85.59ab 

Roasting fish 3.5% 90.65ab 90.57ab 89.40ab 90.10ab 89.70ab 88.45ab 87.85ab 87.50abc 86.07ab 85.43ab 

Roasting fish 5% 90.08bc 89.68b 90.95a 89.18bc 88.78bc 87.78bc 86.88bc 86.84bc 85.15bc 84.76bc 

Direct boiled fish 1.5% 86.04g 85.96d 85.58f 85.44f 84.84g 84.18f 83.24f 83.22g 81.76f 81.16f 

Direct boiled fish 3.5% 84.43h 84.08e 83.53g 83.40g 83.13h 82.13g 81.20g 81.51h 79.71g 79.11g 

Direct boiled fish 5% 83.15i 82.84f 82.48h 8230h 81.96i 80.89h 79.96h 79.96i 78.26h 77.86h 

Indirect boiled fish 1.5% 87.11f 88.74d 86.85e 86.71e 86.11f 85.45e 84.51e 84.49f 82.69ef 82.43e 

Indirect boiled fish 3.5% 88.57de 88.19c 87.66de 87.52de 87.26de 86.59de 85.32de 85.30ef 83.84de 83.24de 

Indirect boiled fish 5% 88.31e 87.96c 87.39de 87.26e 87.33de 86.33de 85.39de 85.04f 83.57 de 82.97de 

Control 5% 90.10bc 89.93b 89.73b 89.59ab 88.95bc 87.87b 87.33ab 87.04abc 85.58ab 84.64bc 

SEM 0.327 0.315 0.343 0.343 0.374 0.384 0.342 0.342 0.375 0.363 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 
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Feed conversion ratio (FCR) 
The effects of the experimental treatments on FCR are illus-
trated in Tables 7a and 7b. The results showed a significant 
difference (P>0.05) among the treatments during the ex-
perimental periods. It appears that the feed conversion 
value was high at the begging of the production period then 
gradually decreased till it become relatively stable at 31th 
weeks of the production period up to week 40, that, the feed 
conversion ratio was affected significantly (P<0.05) by as 
treated disposed fish change and control. The feed conver-
sion ratio (g feed/g egg) for all treatments that including 
control agree with the results of (Sittiya and Yamauchi, 
2014), while, the ratio of feed conversion ratio was high 
than the results of (Bryant et al. 2007). The results of the 
present study were less than (Perez-Bonilla et al. 2012) 
who found the means of feed conversion ratio were (1.89 to 
2.05 g/g) during 24 to 59 weeks of age, also the results 
found by (Bonekamp et al. 2010). 
 
Egg weight 
The results of egg weights were illustrated in Tables 8a and 
8b, which showed a significant differences (P<0.05) among 
the treatments during the experimental periods. Egg weight 
of layers chickens fed roasted fish (5%) have the highest 
egg weight during all the experimental period followed by 
roasted fish (3.5 and 1.5%), while the lowest egg weight 
was found at treatment of direct boiled fish (5%). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The results of the present results were high than that re-
ported by (Rao et al. 2011) who found the means of egg 
weight for layers chickens at age of (21, 24, 29 and 32 to 
36weeks) were (46, 52, 53.2 and 53.5 g/egg/day) respec-
tively, while the present results were low than (Neijat et al. 
2011). Also Perez-Bonilla et al. (2012) who found the 
means of egg weight were (63.1 to 64.1 g) during 24 to 59 
weeks of age, while the present study results of egg weight 
were similar to (Park and Ryu, 2011). Egg weight was sig-
nificantly (P<0.05) affected due to the different treated dis-
posed fish. Generally the treatments of sun-dried fish and 
roasted fish levels and control have the best performance 
production which indicates the positive ability of treatment 
especially sun-dried fish and roasted fish compared to con-
trol as a source of protein to support layer production. 
 
Panel test 
Table 9 shows the panel test for test acceptability, colour, 
and smell. The panel which runs only for (5%) replicate to 
showed the effects of concentrations for different treated 
disposed fish concentrate and control to avoid the interac-
tion effect on the level at (1.5 and 3.5%). 

The panel test runs for all treated disposed fish and con-
trol for only (5%) replicate for accurate test for treated dis-
posed fish concentrate or supper concentrate without inter-
action between the mixture of treated disposed fish and 
control.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 7a Means of feed conversion ratio (g feed/g egg) during production period of 24-32 weeks
Age in weeks  

Treatments 
24th 25th 26th 27th 28th 29th 30th 31th 

Sun-drying fish 1.5% 3.26 2.97 2.91 2.81 2.65 2.63 2.46 2.41 
Sun-drying fish 3.5% 3.36 3.10 3.05 2.90 2.79 2.68 2.48 2.38 
Sun-drying fish 5% 3.43 3.15 3.06 2.99 2.82 2.65 2.53 2.43 
Roasting fish 1.5% 3.28 3.07 2.99 2.82 2.73 2.54 2.37 2.35 
Roasting fish 3.5% 3.24 3.05 2.97 2.79 2.62 2.60 2.41 2.39 
Roasting fish 5% 3.18 2.92 2.92 2.73 2.62 2.50 2.35 2.31 
Direct boiling fish 1.5% 3.47 3.62 3.06 2.88 2.80 2.47 2.44 2.34 
Direct boiling fish 3.5% 3.53 3.23 3.14 3.04 2.84 2.67 2.63 2.48 
Direct boiling fish 5% 3.69 3.41 3.31 3.22 3.12 2.92 2.67 2.57 
Indirect boiling fish 1.5% 3.28 3.08 2.96 2.90 2.74 2.57 2.41 2.37 
Indirect boiling fish 3.5% 3.22 3.01 2.94 2.80 2.68 2.52 2.39 2.32 
Indirect boiling fish 5% 3.33 3.03 3.01 2.90 2.71 2.53 2.43 2.33 
Control 5% concentrates 3.48 3.18 2.98 2.84 2.75 2.61 2.48 2.37 

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

Table 7b Means of feed conversion ratio (g feed/g egg) during production period 32-40 weeks 
Age in weeks  

Treatments 
32th 33th 34th 35th 36th 37th 38th 39th 40th 

Sun-drying fish 1.5% 2.45 2.43 2.42 2.40 2.43 2.44 2.42 2.48 2.54 
Sun-drying fish 3.5% 2.44 2.53 2.46 2.44 2.49 2.50 2.50 2.57 2.60 
Sun-drying fish 5% 2.48 2.42 2.45 2.41 2.44 2.43 2.41 2.46 2.49  
Roasting fish 1.5% 2.44 2.43 2.43 2.42 2.45 2.47 2.47 2.54 2.58 
Roasting fish 3.5% 2.43 2.46 2.40 2.38 2.41 2.41 2.42 2.48 2.51 
Roasting fish 5% 2.32 2.31 2.36 2.35 2.36 2.36 2.35 2.41 2.44 
Direct boiling fish 1.5% 2.47 2.44 2.43 2.43 2.45 2.49 2.49 2.55 2.58 
Direct boiling fish 3.5% 2.52 2.60 2.59 2.59 2.63 2.66 2.65 2.73 2.79 
Direct boiling fish 5% 2.72 2.68 2.69 2.71 2.71 2.77 2.77 2.85 2.88 
Indirect boiling fish 1.5% 2.42 2.50 2.50 2.49 2.52 2.55 2.55 2.62 2.65 
Indirect boiling fish 3.5% 2.40 2.41 2.39 2.38 2.40 2.44 2.48 2.50 2.54 
Indirect boiling fish 5% 2.42 2.45 2.43 2.39 2.43 2.44 2.45 2.51 2.54 
Control 5% concentrates 2.42 2.44 2.43 2.40 2.43 2.43 2.43 2.48 2.51 

The means within the same column with at least one common letter, do not have significant difference (P>0.05).
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Table 8a Means of weekly egg weight (g) during production period from 24-31 weeks

Age in weeks  
Treatments 

24th 25th 26th 27th 28th 29th 30th 31th 

Sun-drying fish 1.5% 52.50bcd  54.00ab 53.33b 53.77b 54.60ab 52.00a 53.17bcde 53.69abc 

Sun-drying fish 3.5% 51.67cde 25.36b 53.00b 53.80b 53.10abc 52.33a 54.20abcd 55.53ab 

Sun-drying fish 5% 50.80def  51.47bc  52.17bc 52.03c 52.47bc 52.77a 53.03cde  54.23abc  

Roasting fish 1.5% 53.00abc 53.23b 53.33b 53.90ab 53.13abc 54.00a 55.53ab 55.28ab 

Roasting fish 3.5% 53.67ab 53.66ab  53.33b 54.03ab 55.00a 52.66a 54.20abcd 54.04abc 

Roasting fish 5% 54.57a 55.9a 55.33a 55.47a 54.90a 54.66a 55.87a 55.93a 

Direct boiling fish 1.5% 49.66fj 52.00bc  52.33bc 53.20bc 52.33c 53.33a 54.16abcd 55.52ab 

Direct boiling fish 3.5% 50.33efj 51.83bc 52.00bc 51.97c 52.61bc 52.73a 51.20e 53.27abc 

Direct boiling fish 5% 48.67j 49.66c 50.66c 49.90d 48.70d 49.00b 51.20de 52.03c 

Indirect boiling fish 1.5% 52.17bcde  52.67ab 53.66b 53.33bc 53.54abc 53.86a 55.10abc 55.40ab 

Indirect boiling fish 3.5% 52.67bcd  53.33b 53.33b 54.33ab 54.17abc 54.46a 55.00abc 55.72ab 

Indirect boiling fish 5% 51.33cdef  53.00b 52.66b 53.00bc 54.00abc 54.53a 55.00abc 55.87a 

Control 5% concentrates 50.33efj  52.17bc 52.83b 53.87ab  53.10abc 52.67a 53.66abcd 54.87ab 

SEM 0.17 0.22 0.16 0.14 0.18 0.26 0.20 0.21 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 8b Means of weekly egg weight (g) during production period from 32-40 weeks 

Age in weeks 
Treatments 

32th 33th 34th 35th 36th 37th 38th 39th 40th 

Sun-drying fish 1.5% 53.92b 55.30abc 56.33ab 56.83ab 57.09ab 57.55ab 58.03ab 58.24bc 57.71bcd 

Sun-drying fish 3.5% 55.45ab 54.66bc 56.53ab 57.40ab 57.43ab 57.63ab 57.65ab 57.67cd 58.03bcd 

Sun-drying fish 5% 54.31b 56.43ab 57.03ab 57.90a 58.08ab 58.76a 59.10a 59.77ab 59.66ab 

Roasting fish 1.5% 54.83b 55.87ab 56.46ab 57.07ab 57.09ab 57.12ab 57.14ab 57.16cd 57.23cd 

Roasting fish 3.5% 54.29b 55.10bc 56.50ab 57.56ab 57.59ab 58.06a 58.09a 58.11bc 58.46abc 

Roasting fish 5% 57.00a 57.47a 58.06a 58.67a 59.52a 60.01a 60.40a 60.43a 60.63a 

Direct boiling fish 1.5% 53.83b 55.73abc 56.46ab 57.30ab 57.33ab 57.35ab 57.37ab 57.39cd 57.72bcd 

Direct boiling fish 3.5% 53.77b 53.52cd 54.13cd 54.73cd 54.76cd 54.78cd 54.80cd 54.82ef 54.59e 

Direct boiling fish 5% 50.68c 52.35d 52.93d 53.53d 53.95d 53.97d 53.99d 54.01f 54.28e 

Indirect boiling fish 1.5% 54.56b 54.70bc 55.30bc 55.90bc 55.93bc 55.95bc 55.97bc 55.99de 56.06de 

Indirect boiling fish 3.5% 55.21b 56.34ab 57.13ab 57.73ab 57.76ab 57.78ab 57.08ab 57.82bcd 58.09bcd 

Indirect boiling fish 5% 55.20b 55.71abc 56.73ab 57.66ab 57.69ab 58.27a 58.29a 58.31bc 58.54abc 

Control 5% concentrates 54.80b 55.55abc 56.17ab 57.33ab 57.42ab  57.98ab 58.11a  58.44bc  58.81abc  

SEM 0.15 0.19 0.17 0.16 0.16 0.16 0.16 0.17 0.21 
The means within the same column with at least one common letter, do not have significant difference (P>0.05). 
SEM: standard error of the means. 

Table 9 Egg quality panel test (%) 

Panel test degree Sun-drying fish Roasted fish Direct boiled fish Indirect boiled fish Control 

Acceptability 
4-Very good 

3-Good  

2-Acceptable 

1-Not acceptable 

 

42 

50 

8 

- 

 

36 

54 

10 

- 

 

44  

42 

12 

2 

 

38 

46 

16 

0 

 

40 

54 

6 

0 

Totals  100 100 100 100 100 

Smell 
4-Good smell 

3-Normal smell 

2-Little fishy smell 

1-Fishy smell 

 

50 

46 

4 

0 

 

48 

42 

10 

0 

 

54 

42 

4 

0 

 

42 

48 

8 

2 

 

56 

42 

2 

0 

Totals 100 100 100 100 100 

Egg yolk color 
4-Extremely desirable 

3-Moderate desirable 

2-Slightly undesirable 

1-Extremely undesirable 

 

0 

8 

36 

56 

 

0 

6 

42 

52 

 

0 

10 

38 

52 

 

0 

6 

28 

66 

 

0 

8 

34 

58 

Totals 100 100 100 100 100 
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The panel test declared that all treated disposed fish and 
control were similarity among all treatment level if the trace 
difference been ignored at acceptability, smell and colour. 
 

  CONCLUSION 

The results of this study showed that the disposed fish in 
the Sudan can be converted to useful conventional fish meal 
for poultry rations by simple means of heat processing. 
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Genetic Characterization of Hamra Goat Population 
in Two Different Locations of Morocco using  
Microsatellite Markers 

 

 

 

  INTRODUCTION 
Goats have been domesticated 10000 years ago in the Mid-
dle East (Luikart et al. 2001; Fernandez et al. 2006). The 
breeds have been developed based on traditional knowledge 
and improved through human interventions and natural 
selection (FAO, 2009). However, there is worldwide recog-
nition of the need for the conservation of livestock diversity 
and for the characterization of breeds and populations in-
cluding their genetic differentiation and relationships. The 
goat diversity analysis based on microsatellite markers have 
been successfully used because of their high mutation rate, 

abundance and distribution throughout the genome, neutral-
ity, co-dominance nature and easy automation of analytical 
procedures. Several studies (Bruno-de-Sousa et al. 2011; 
Dixit et al. 2012; Bosman et al. 2015; Nafti et al. 2016) 
have been conducted to investigate the genetic diversity of 
goats in the world. Dixit et al. (2012) compared the genetic 
diversity of 20 Indian goat breeds and Bosman et al. (2015) 
investigated the genetic diversity of the south African com-
mercial dairy goat population. In addition, Bruno-de-Sousa 
et al. (2011) and Nafti et al. (2016) used the microsatellites 
to identify the population structure of Portuguese goat 
breeds and southern Tunisia goat populations, respectively.  

In this study, genetic diversity of two different populations of Hamra goat breed of Morocco was investi-
gated in 60 different samples (including 30 from Beni Arouss and 30 from Rommani) using fifteen microsa-
tellite markers. A total of 145 alleles were detected with average number per locus of 8.67 and 8.07 in Beni 
Arouss and Rommani goats, respectively. The Shannon’s information index ranged from 1.58 in Rommani 
goats to 1.66 in Beni Arouss goats. The expected and the observed heterozygosity average over loci varied 
from 0.62 to 0.72 in Rommani and from 0.64 to 0.75 in Beni Arouss goats. Six markers in Beni Arouss 
goats and five in Rommani goats showed a significant deviation from Hardy-Weinberg equilibrium. The FIS 
values were 0.110 and 0.108 for Beni Arouss and Rommani goats, respectively. A low genetic differentia-
tion was indicated by FST values across the two goat groups. The genetic distance of Nei between the two 
groups was 0.046 indicating a low genetic differentiation. This was confirmed by the analysis of molecular 
variance (AMOVA) that showed that 99.15% of variation was distributed within genetic groups. The pres-
ence of two clusters (K=2) for microsatellite markers suggested a high level of population admixture. It was 
concluded that both groups (Beni Arouss and Romani) presented a high similarity and may be considered as 
belonging to the same population. 

KEY WORDS  genetic diversity, Hamra goat, microsatellite marker, Morocco. 
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In Morocco, 95% of goat inventory, estimated to 6.2 mil-
lion goats (FAOSTAT, 2015), is represented by indigenous 
populations. Nowadays, four local breeds are officially 
characterized and recognized by the Ministry of Agricul-
ture: Draa goat in oases and Barcha, Laghzalia and Atlas 
goats in Atlas Mountains. Among the remaining indigenous 
populations, the Hamra goat is in the process of recogni-
tion.  
This population is located in two regions that are far from 
each other (about 400 km); Beni Arouss (BA) located in 
North and Rommani (RO) found in the centre of Morocco. 
However, animals of these two regions have a remarkable 
resemblance with regard to their external appearance (color 
and morphology), but the Ministry of Agriculture does not 
know if these two groups are belonging to the same Hamra 
population or not.  

This paper reports on the first molecular investigation of 
Hamra goat population and the comparison of its level of 
diversity in two groups using fifteen microsatellite DNA 
markers in order to determine the level of similarity be-
tween the Beni Arouss and Rommani goat population.  

  MATERIALS AND METHODS 
Description of Hamra population 
The Hamra goat population is characterized by its red coat 
color. Both males and females of this population are 
horned. Usually, the females are not bearded, while the 
males have a beard. The height at withers averaged 63 cm 
and 65 cm for females and males, respectively (Hilal et al. 
2014). 

Sample collection and DNA extraction 
Fresh blood was collected from a total of 60 unrelated 
Hamra goats (30 in Beni Arouss and 30 in Rommani re-
gions) based on the information provided by farmers. Sam-
pling was carried out from 15 flocks (9 in Beni Arouss and 
6 in Rommani regions). The blood was drawn from the 
jugular vein in vacationer tubes coated with EDTA as blood 
anti-coagulants. DNA was isolated from the whole blood 
using a commercial extraction and purification kit 
(DNeasy™ Blood Kit, Qiagen®), according to the manu-
facturer's protocol. 

Microsatellites and PCR conditions  
Fifteen microsatellite loci chosen from the recommended 
FAO/ISAG list (FAO, 2011) were tested. These microsatel-
lite markers were arranged into six duplexes PCR panels 
(SRCRSP23/SRCRSP09,aTGLA53/MAF209,aSRCRSP08/
SRCRSP05,aOARFCB48/MAF65,aILSTS87/ILSTS11,aM
CM527/CRSD247) and three simplexes (MAF70, 

OARFCB20 and ETH10) based on their annealing tempera-
ture and their marking (Table 1).  

The panel of microsatellites used in the present study has 
been also used earlier to study the genetic variability in 
other goat breeds by other researchers (Hoda et al. 2011; 
Agaoglu and Ertugrul, 2012; Bosman et al. 2015). PCR 
amplifications were performed in a final volume of 28 µL 
on an Applied Biosystem 2700 Thermocycler containing 2 
μL of genomic DNA, 1 μL of each primer and 22 μL of 
SuperMix PCR kit containing 22 mM Tris-HCl, 55 mM 
KCl, 1.65 mM MgCl2, 22 U/mL Taq polymerase and 220 
μM for each dNTP. The PCR protocol used consisted of an 
initial denaturation step at 95 ˚C for 5 min, followed by 30 
cycles of 15 seconds at 94 ˚C, 45 seconds at 55-65 ˚C de-
pending on the primers used and 90 seconds at 72 ˚C and a 
final extension step at 72 ˚C for 30 minutes. The amplified 
PCR products were resolved on a 3500 DNA fragment ana-
lyzer (Applied Biosystem) and fluorescently-labelled frag-
ments were detected and sized using GeneMapper 5.0 soft-
ware (Applied Biosystems, Foster City, CA). 

Statistical analyses  
The genotypic data were statistically analyzed using differ-
ent softwares. The POPGENE software (version 1.32) (Yeh 
et al. 1999) was used to calculate the number of alleles, the 
effective number of alleles, the Shannon information index, 
the observed and the expected heterozygosity at each locus 
and genetic group. Wright’s F-statistics (FIS, FIT and FST) 
and the gene flow between the two groups were also calcu-
lated according to Weir and Cockerham (1984) using 
POPGENE software. Nei’s standard genetic distance (Nei, 
1978) among the two groups were estimated by using GE-
NETIX software (version 4.03) (Belkhir et al. 2001). De-
viations of genotype frequencies from Hardy-Weinberg 
expectations were assessed by exact tests based on Markov 
chains (20 batches, 5000 iterations and a dememorization 
number of 10 000) as implemented by the GENEPOP soft-
ware (version 4.2) (Raymond and Rousset, 1995). Analysis 
of molecular variance (AMOVA) was done with the AR-
LEQUIN (version 3.0) (Schneider et al. 1997) in order to 
explain the partitioning of the level of genetic variation of 
the genetic groups. Finally, the genetic structure was per-
formed by full Bayesian approach using the software pack-
age STRUCTURE version 2.3.4 (k=7) (Hubisz et al. 2009). 
The probability (or likelihood) of different values was 
tested by assessing LnPr (X|K), i.e., the likelihood of the 
observed distribution of genotypes given the assumed num-
ber of ancestral populations. All runs used a burn-in period 
of 100000 iterations and a data collection period of 100000 
iterations under an admixture model with allele frequencies 
correlated. 
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  RESULTS AND DISCUSSION 
Genetic variation among groups 
The various measures of genetic variation evaluated by the 
number of observed (NO) and effective alleles (NE), Shan-
non information index (I), and the observed (HO) and ex-
pected heterozygosity (HE) for Beni Arouss and Rommani 
genetic groups across all loci are presented in Table 2. The 
microsatellites studied in Beni Arouss and Rommani ge-
netic groups were successfully amplified and were found to 
be polymorphic. Total numbers of alleles observed per 
group were 127 and 118 alleles in Beni Arouss and Rom-
mani groups, respectively. The observed number of alleles 
per locus ranged from 5 (MAF209, TGL53 and MCM527) 
to 13 (MAF65) for Beni Arouss group and from 5 (MAF20 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Description of microsatellite DNA markers used in the current study

Microsatellite Chromosome Primer sequence (forward and reverse) Annealing temperature (˚C) Dye Size range 

     Duplex 1 
gatcacaaaaagttggatacaaccgtg 

MAF209 CHI17 55 NED 100-104 
tcatgcacttaagtatgtaggatgctg 

gctttcagaaatagtttgcattca 
TGL53 BTA16 55 VIC 126-160 

atcttcacatgatattacagcaga 

     Duplex 2 

ggactctaccaactgagctacaag 
SRCRSP05 CHI21 55 NED 156-178 

tgaaatgaagctaaagcaatgc 

tgcggtctggttctgatttcac 
SRCRSP08 Not reported 55 6-FAM 215-255 

gtttcttcctgcatgagaaagtcgatgcttag 

     Duplex 3 

agaggatctggaaatggaatc 
SRCRSP9 CHI12 58 6-FAM 99-135 

gcactcttttcagccctaatg 

tgaacgggtaaagatgtg 
SRCRSP23 Not reported 58 VIC 81-119 

tgtttttaatggctgagtag 

     Duplex 4 
agcagacatgatgactcagc 

ILSTS087 BTA6 58 NED 135-155 
ctgcctcttttcttgagag 

gcttgctacatggaaagtgc 
ILSTS11 BTA14 58 6-FAM 250-300 

ctaaaatgcagagccctacc 

     Duplex 5 

ggacttgccagaactctgcaat 
CSRD247 OAR14 58 VIC 220-247 

cactgtggtttgtattagtcagg 

gtccattgcctcaaatcaattc 
MCM527 OAR5 58 NED 165-187 

aaaccacttgactactccccaa 

     Duplex 6 

aaaggccagagtatgcaattaggag 
MAF65 OAR15 58 VIC 116-158 

ccactcctcctgagaatataacatg 

gagttagtacaaggatgacaagaggcac 
OARFCB48 OAR17 58 PET 149-173 

gactctagaggatcgcaaagaaccag 

     Simplex 1 
ggaaaacccccatatatacctatac 

OARFCB20 OAR2 58 NED 93-112 
aaatgtgtttaagattccatacatgtg 

     Simplex 2 
gttcaggactggccctgctaaca 

ETH10 CH15 55 PET 200-210 
cctccagcccactttctcttctc 

     Simplex 3 
cacggagtcacaaagagtcagacc  

MAF70 BTA4 65 6-FAM 134-168 
gcaggactctacggggcctttgc 

BTA: Bos taurus; OAR: Ovis aries and CHI: Capra hircus. 

9, MCM527 and ETH10) to 12 (SRCRSP23) for Rommani 
group. The mean number of alleles in Beni Arouss group 
seems to be higher than the Rommani group (8.67 vs. 8.07 
alleles). Similar results had been observed in Noire-Rahalli 
(8.33 alleles) and Draa Moroccan goat populations (7.83 
alleles) (Ouafi-Tadlaoui et al. 2002). The mean number of 
alleles of Beni Arouss and Rommani groups were higher 
than the three populations in South Africa: Saanen (6.80), 
Toggenburg (6.44) and British Alpine (6.84) (Bosman et al. 
2015). Moreover, the allelic variation between the two 
groups was almost the same in different locus. The value of 
Shannon information index, which measures the polymor-
phism across loci, was highly informative with an overall 
mean of 1.58 in Rommani group and 1.66 in Beni Arouss 
group.  
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The present Shannon’s index values were comparable to 

those of the Nigerian West African dwarf goats (Awobajo 
et al. 2015), but slightly higher than those reported for 
Zalawadi (1.25), Gohilwadi (1.44) and Surti (1.33) Indian 
goat breeds (Shadma et al. 2008). Despite the small sample 
size of Beni Arouss and Rommani goat groups, they exhib-
ited high levels of polymorphism at all studied loci. The 
genetic diversity in the two genetic groups was very similar 
and high varying from 72% in Rommani to 75% in Beni 
Arouss groups (Table 2). The high values of heterozygosity 
detected for Beni Arouss and Rommani genetic groups may 
be attributed to the large number of alleles detected in the 
two groups. These values are compared to those reported 
for six Portuguese native goat breeds (65%-71%) (Bruno-
de-Sousa et al. 2011), lower than those of Nafti et al. 
(2016) on four indigenous goat populations of Tunisia, but 
higher than those reported for Saanen (65%), Toggenburg 
(62%) and British Alpine (64%) (Bosman et al. 2015). 
Based on the expected heterozygosity across the two 
groups, there was no appreciable difference in the level of 
genetic diversity. Moreover, six markers (ILSTS087, 
MCM527, CSRD247, MAF65, SRCRSP05 and MAF70) 
and five markers (TGL53, MCM527, MAF65, 
OARFCB48, and MAF70) showed a significant deviation 
from Hardy-Weinberg equilibrium in Beni Arous and 
Rommani groups, respectively. This indicates that differ-
ences between observed and expected number of genotypes 
were significant (P<0.05) for Beni Arouss and Rommani 
groups. 

 
Fixation indices 
Table 3 shows Wright’s F-statistics for each locus in the 
two genetic groups. The within-group heterozygosity deficit 
(FIS) was almost similar in both groups (11% and 10.8%). 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2 Various measures of genetic variation at different loci of Beni Arouss and Rommani genetic groups of Hamra goat 
 Beni Arouss group Rommani group 

Locus 
NO NE I Ho He NO NE I Ho He 

5 1.87 0.82 0.30 0.47 5 1.99 0.83 0.47 0.51 MAF209  

Thus, large differences among loci were observed in es-
tim-ated FIS of the two groups, with values ranging from -
0.221 (ETH10) to 0.551 (MCM527) and from -0.022 
(OARFCB20) to 0.800 (MCM527) in Beni Arouss and 
Rommani groups, respectively. However, most of loci of 
the two groups showed a heterozygote deficit as depicted 
by the positive FIS value. In the Beni Arouss and Rommani 
groups, 3 and 5 markers, respectively out of the 15 markers 
had negative FIS values. This deficiency may be related to 
management conditions of Hamra goats in the two regions. 
The positive FIS value indicated an increased homozygosity 
or heterozygosity deficit (Mishra et al. 2013). This excess 
of homozygotes in the two genetic groups was moderate in 
comparison to that found by Dixit et al. (2009) for Kutchi 
(26%), Mehsana (14%) and Sirohi (36%) Indian goat 
breeds, and by Gour et al. (2006) for Jamunapari goat 
breeds (19%), but higher than those observed by Mahrous 
et al. (2013) for three indigenous goat breeds (Barki and 
Zaraibi in Egypt and Ardi in Saudi Arabia) (5.3%). The 
heterozygote deficiency found in the Beni Arouss and 
Rommani goats groups could be due to the higher rate of 
inbreeding, to the population subdivision (Wahlund effect), 
and to the presence of “null alleles” (non-amplifying al-
leles). The overall genetic differentiation indicated by FST 
values was similar and very low in the two genetic groups. 
The FST value over all loci averaged 0.021 in Rommani 
group and 0.026 in Beni Arouss group, while the global 
deficit of heterozygotes (FIT) varied from 0.128 in the 
Rommani group to 0.133 in the Beni Arouss group (Table 
3). The FST value for the two groups was low compared to 
two Mexican cattle meta-populations (Iberian-like and 
Mexican Criollo) (Ulloa-Arviz et al. 2008) and lower than 
those found in three south African dairy goat populations 
(Saanen, British Alpine and Toggenburg) (Bosman et al. 
2015).  

TGL53 5 1.77 0.86 0.33 0.44 9 2.66 1.42 0.53 0.63 

SRCRSP09 12 5.11 1.98 0.77 0.82 9 5.32 1.91 0.83 0.83 

SRCRSP23 11 6.82 2.16 0.89 0.87 12 5.77 2.06 0.77 0.84 

ILSTS087 8 2.99 1.48 0,47 0,68 7 1.80 0.99 0,43 0,45 

ILSTS11 11 5.86 1.89 0.87 0,84 9 4.09 1.68 0.57 0,77 

CSRD247 10 5.36 1.96 0.81 0,83 9 5.79 1.95 0.92 0,86 

MCM527 5 3.09 1.23 0.29 0,69 5 1.42 0.65 0.07 0,20 

ETH10 6 3.22 1.31 0.83 0.70 5 2.69 1.08 0.50 0.64 

MAF65 13 6.36 2.12 0.73 0.86 11 7.83 2.23 0.80 0.89 

OARFCB48 9 6.29 1.98 0.80 0.85 9 7.47 2.11 0.69 0.87 

SRCRSP05 9 5.26 1.84 0.76 0.82 8 5.06 1.80 0.83 0.81 

SRCRSP08 7 3.80 1.56 0.63 0.75 8 4.04 1.61 0.67 0.76 

MAF70 11 5.03 1.93 0.50 0.81 9 5.01 1.81 0.43 0.81 

OARFCB20 8 4.24 1.73 0.83 0.78 6 4.00 1.61 0.72 0.75 

Mean±SD 8.67±2.66 4.47±1.62 1.66±0.44 0.64±0.22 0.75±0.13 8.07±2.12 4.33±1.97 1.58±0.49 0.61±0.22 0.72±0.19 
NO: observed number of alleles; NE: effective number of alleles; I: Shannon's information index; H : observed heterozygosity and H : expected heterozygosity. o e

SD: standard deviation. 
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The lack of differentiation observed between the two 
groups of Hamra goat population may be explained by the 
similarities in environment and breeding practices, as well 
as the maintained gene flow among the Hamra population 
although located in two different locations. The value of 
gene flow between the two genetic groups was 13.4 indicat-
ing a high rate of genetic flow between them. This may 
result from the higher mobility of goats from one region to 
the other and to the considerable exchange of genetic mate-
rial among these goats. The low level of differentiation 
among the Hamra goat population of the two genetic groups 
was also confirmed by the standard genetic distance of Nei 
(0.046) showing a close relationship between them. More-
over, this reduction in genetic differentiation may result 
from the migration that had a greater effect than mutation 
or drift (Laval et al. 2000). Toro and Maki-Tanila (2007) 
suggested that the high genetic diversity observed within 
population groups could arise from overlapping generations 
and population mixtures from different geographical loca-
tions. 

The analysis of molecular variation (AMOVA) within 
and among the two genetic goat groups of Hamra is shown 
in Table 4. The AMOVA showed that 99.15% and 0.85% 
of variation was distributed within and among the two ge-
netic groups, respectively, suggesting that the two groups 
were submitted to the same geographical and environmental 
selections in recent history.  

These results are lower than 4.8% among west African 
dwarf (WAD) goat populations (Awobajo et al. 2015) and 
than 7.5% among Spanish Guadarrama goat breed (Serrano 
et al. 2009). However, this analysis showed a high level of 
gene flow among the two groups, which is the most prob-
able cause of this variation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table 3 Wright’s F-statistics for Beni Arouss and Rommani genetic groups for each of the 15 microsatellite markers 
Beni Arouss group Rommani group 

Locus 
FIS FIT FST FIS FIT FST 

0.352 0.355 0.004 0.002 0.037 0.035 MAF209 

0.219 0.236 0.022 0.103 0.110 0.008 TGLA53 
0.040 0.047 0.007 -0.002 0.003 0.005 SRCRSP09 
0.001 0.023 0.022 0.069 0.084 0.016 SRCRSP23 
0.293 0.299 0.009 -0.018 -0.001 0.017 ILSTS87 
-0.076 -0.045 0.029 0.282 0.291 0.013 ILSTS11 
0.004 0.057 0.053 -0.001 0.013 0.014 CSRD247 
0.551 0.606 0.121 0.800 0.805 0.026 MCM527 
-0.221 -0.208 0.011 0.080 0.165 0.092 ETH10 
0.157 0.169 0.015 0.017 0.033 0.016 MAF65 
0.027 0.049 0.022 0.131 0.146 0.017 OARFCB48 
0.168 0.177 0.011 -0.017 0.025 0.041 SRCRSP05 
0.131 0.140 0.011 0.079 0.092 0.014 SRCRSP08 
0.358 0.376 0.028 0.462 0.469 0.014 MAF70 
-0.109 -0.090 0.017 -0.022 -0.002 0.020 OARFCB20 

Mean±SD 0.110±0.205 0.133±0.207 0.026± 0.029 0.108±0.227 0.128±0.222 0.022±0.021 
SD: standard deviation. 
F : the within-group heterozygosity deficit; F : the global deficit of heterozygotes and F : the overall genetic differentiation. IS IT ST

 
 
 
 
 
 
 
 

To choose the appropriate number of inferred ancestral 
(K) populations, value of K varied from 2 to 7. However, 
the best value of the number of inferred ancestral popula-
tions [Ln Pr(X|K)] (-3312.7) was obtained for K= 2. A 
graphic representation of assumed ancestral populations is 
shown in Figure 1.  

Table 4 Distribution of genetic variance in studied groups revealed by 
AMOVA 

Components Source of  
variation 

Degree of 
freedom 

Sum of 
squares 

Percentage 
of variation 

Among ge-
netic groups 

1 7.225 0.04089 0.85 

Within ge-
netic groups 

118 563.017 4.77133 99.15 

Total 119 570.242 4.81222  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1 Clustering assignment of the two Hamra goat genetic groups 
provided by STRUCTURE analyses 
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The presence of two clusters suggested a high level of 
population admixture. In fact, genetic components seem to 
be shared by the two genetic groups which suppose a gene 
flow between them. The high level of admixture in the two 
genetic groups confirms their high similarity as indicated 
by genetic parameters. 
 

  CONCLUSION 

All microsatellite markers used in the present study were 
shown to be highly polymorphic for the molecular charac-
terization of Beni Arouss and Rommani goats. The results 
confirm a high similarity among Hamra goats in the two 
locations. The two goat groups were weakly structured, but 
they present an important pool of genetic diversity and high 
level of admixture. Therefore, the genetic information ob-
tained in this study would help the Ministry of Agriculture 
in the process of breed recognition and would make a valu-
able contribution to the utilization of this goat population. 
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