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INTRODUCTION

Nutrition during pregnancy is an important aspect 
that can be modified because it affects lambs’ viabil-
ity and body composition at birth (Peñagaricano et al., 
2014). The development and improvement of reproduc-
tive performance during pregnancy have to be planned 
before pregnancy. The nutritional status of the maternal 
animal before mating significantly affects fertility and 
oocyte quality (Grazul-bilska et al., 2012). Additionally, 
the nutrient status of the mother at the beginning of 
pregnancy significantly affects implantation, embryo 
resistance, placental development, and the development 
and organogenesis of the fetus (Roberti et al., 2018).

Energy demand increases at the end of pregnancy 
because energy and protein supplies are generally 
needed for lactation. Providing sufficient nutrients for 
the ewe and fetus during pregnancy can increase birth 
weight, implicating better lamb growth until the wean-
ing period (Behrendt et al., 2019). Feeding management 
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ABSTRACT

This study evaluated the effect of a flushing diet containing docosahexaenoic acid (DHA) and 
eicosapentaenoic acid (EPA) from lemuru fish oil in ewe ration on colostrum quality and lamb 
performance. Twenty Garut ewes were divided into four treatments of flushing concentrate: control 
concentrate (P1), flushing concentrate containing 6% palm oil (P2), flushing concentrate containing 
3% lemuru oil and 3% palm oil (P3), flushing concentrate containing 6% lemuru oil (P4). The animal 
consumed Napier grass and concentrate with a diet ratio of 30%:70% based on dry matter. The 
experimental ewes were fed flushing rations two weeks before and two weeks after mating continued 
with 2 weeks before and two weeks after lambing. The ewes and their lambs were put together until 
weaning time with around two months. The parameters observed in ewes were nutrient consumption 
and their colostrum qualities. Meanwhile, the lamb parameters measured were nutrient consumption, 
lamb blood metabolites at birth, and lamb performance. The experimental design used a randomized 
blocked design (RBD). Analysis of variance (ANOVA) followed by Duncan test was used to analyze 
data. The results showed that treatment did not significantly affect dry matter consumption in ewe and 
lamb, ewe’s colostrum quality, and lamb’s blood metabolites. However, the treatment significantly 
improved (p<0.05) average daily gain and weaning weights of lambs. In conclusion, the flushing ration 
did not affect the quality of colostrum produced. Feeding of experimental ewes 2 weeks before and 2 
weeks after mating continued with 2 weeks before and 2 weeks after parturition with flushing rations 
of 6% lemuru oil containing EPA and DHA can produce twin lambs with good growth performances 
such as daily gain and weaning weight similar to the control, which has single litter size.
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during pregnancy affects the present productivity and 
the next generation’s productivity (Schoonmaker & 
Eastridge, 2013).

Nutrient consumption of ewe during pregnancy 
and lactation is associated with lamb mortality. The 
growth rates of lambs in ewes fed with a good quality 
ration are higher than those of lambs born to ewes fed 
with insufficient nutrients during pregnancy (Sen et al., 
2015). Lamb birth weight significantly affects the resil-
ience of the lamb’s performance during the pre-weaning 
period, which is essential to increase immunity in lambs 
and promote lamb growth. Besides that, fulfilling nutri-
ent requirements during lactation is essential due to its 
effect on milk quality. Lamb growth rate is positively 
correlated with the amount and quality of milk pro-
duced by the maternal ewe (Rosales Nieto et al., 2018).

Feeding ewes for six weeks before and four weeks 
after lambing with fish oil containing eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA) 
could reduce the weight loss of ewes during lactation 
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and increase milk protein content (Capper et al., 2007). 
However, supplementation of ration with DHA alga 
derivate during late pregnancy and early lactation has 
no effect on body weight, serum, and hormone metabo-
lism but increases the colostrum IgG concentration and 
increases growth and development of the offspring at 
the beginning of lactation (Keithly et al., 2011).

One of the local feed ingredients affordable and 
with high contents of DHA and EPA is lemuru fish oil. 
Lemuru fish oil contains omega-3 polyunsaturated fatty 
acids (PUFA), namely, eicosapentaenoic acid 13.70% 
(EPA) and docosahexaenoic acid (DHA) at the level of 
22.47% from total fatty acid. Omega 3 in 5% flaxseed 
oil fed to ewes can increase twin-type lamb born (Kia & 
Safdar, 2015). The effects of EPA and DHA supplemen-
tation on the reproductive performances of ewes are still 
debated. A review by Altomonte et al. (2018) showed a 
decrease in milk quality as indicated by the decreased 
milk fat and protein contents with microalgae in rumi-
nant nutrition.

In contrast, an increase in milk fat content of sheep 
fed DHA and EPA by using 4.5% fish oil was also re-
ported by Caper et al. (2007). However, supplementation 
of long-chain fatty acid (FA) at the end of pregnancy 
can also affect FA profile of enterocytes and increase 
absorption in the small intestine (Garcia et al., 2014). 
Therefore, the increase in colostrum quality is expected 
to affect the high nutrition consumed by the lambs so 
that their growth performances will increase. The effects 
of DHA and EPA supplementation in the ration of ewes 
during pre and after lambing have not been recognized 
with a definite effect on lamb performance. Therefore, 
this study aimed to evaluate the effect of a flushing diet 
containing EPA and DHA in the ewes on the quality of 
the colostrum, blood metabolite, and lamb performance.

MATERIALS AND METHODS

This research was conducted for eight months 
in the Laboratory of Nutrition for draught animals, 
Department of Nutrition and Feed Technology, Faculty 
of Animal Science, IPB University. Animal Care and 
Use Committee of IPB University approved the current 
study with No 119-2018 IPB University.

Twenty primiparous Garut ewes, 12–14 months of 
age with an average body weight of 28.92±4.94 kg and 
lambs born to experimental ewes were used in this ex-
periment and were divided into four treatments. Each 
treatment consisted of five ewes. Twenty-two lambs 
were divided into four treatments following the treat-
ment group of maternal ewes. Each lamb with an aver-
age birth weight (BW) of 1.88±0.68 kg was observed for 
two months from birth to two months of age. Ewes and 
their lambs were kept in individual cages and allowed 
to suckle from birth until weaning at two months old.

Ration

The experimental ewes were fed a total mixed ra-
tion at 3.5% body weight with a ratio between Napier 
grass: a concentrate of 30:70 based on dry matter (Table 
1). EPA and DHA contents in the flushing concentrate 
were adjusted to the needs of linolenic acid in the ration 
reported by Pudelkewicz et al. (1968), which was 0.5%. 
The EPA and DHA levels of P3 flushing ration were 
0.47%, while the P4 flushing rations were 0.94% (Table 
2).

Treatments with flushing concentrate contain-
ing different oil sources for ewes were as follows: P1 
was control concentrate; P2 was flushing concentrate 
containing 6% palm oil (flushing diet without being en-
riched with EPA and DHA); P3 was flushing concentrate 
containing 3% palm oil and 3% lemuru oil (flushing 
diet enriched with EPA and DHA according to mainte-
nance); and P4 was flushing concentrate containing 6% 
lemuru oil (flushing diet enriched with EPA and DHA 
two times of maintenance).

Flushing concentrate was given to the experimental 
ewes twice, starting from two weeks before mating until 
two weeks after mating. Flushing concentrate was also 
given two weeks before parturition until two weeks 
after parturition. Other than that, animals were fed with 
a control ration during pregnancy and lactation.

Table 2. 	Nutrient content of flushing concentrate and grass dry 
matter basis (%)

Nutrient
Treatments Penisetum 

purpureum P1 P2 P3 P4
Dry matter 82.93 83.67 83.60 84.00 22.54
Crude protein 14.39 17.5 17.87 17.49 9.01
Crude fat 1.22 7.84 7.61 7.42 2.11
Crude fiber 9.92 9.47 9.12 9.25 32.57
NFE 63.33 54.15 54.22 54.44 45.03
TDN 71.34 73.16 73.24 72.93 49.48
EPA and DHA - - 0.67 1.34 -
Palmitic acid - 2.61 1.30 - -
Ca 0.73 0.82 0.82 0.82 0.46
P 0.65 0.56 0.56 0.56 1.10

Note: 	Result of the Nutrition and Feed Technology Laboratory, IPB 
University (2019). P1= control concentrate, P2= flushing concen-
trate with 6% palm oil, P3= flushing concentrate with 3% palm oil 
and 3% lemuru oil, P4= flushing concentrate with 6% lemuru oil. 
TDN= total digestible nutrient; calculation results Wardeh (1981) 
TDN (total digestible nutrient)= 2.6407 + (0.6964 x %CP) + (1.2159 
x %Fat) – (0.1043 x %fiber) + (0.9194 x %NFE). NFE= nitrogen free 
extract, EPA= eicosapentaenoic acid, DHA = Decosehaxanoic acid.

Table 1. 	Compositions of flushing concentrate (100% dry matter 
basis)

Feed ingredients
Treatments

P1 P2 P3 P4
Soybean meal 17.14 28.57 28.57 28.57
Pollard 43.57 29.26 29.26 29.26
Dried cassava 30.00 26.86 26.86 26.86
Lemuru oil - - 3 6
Palm oil - 6 3 -
Molasses 7.14 7.14 7.14 7.14
CaCO₃ 0.71 0.71 0.71 0.71
Premix 0.71 0.71 0.71 0.71
NaCl 0.71 0.71 0.71 0.71

Note: 	 P1= control concentrate, P2= flushing concentrate with 6% palm 
oil, P3= flushing concentrate with 3% palm oil and 3% lemuru oil, 
P4= flushing concentrate with 6% lemuru oil.
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Measurement of Nutrient Consumption and 
Colostrum Quality of the Ewe

The nutrient consumption of experimental ewes 
during late pregnancy was measured from 14 d before 
to 14 d after parturition; the animals were given P1, P2, 
P3, and P4. Daily nutritional consumption of concen-
trate and forage was calculated by removing residual 
feed from the offered one in a day. After getting the 
amount of feed consumed, daily nutritional consump-
tion was calculated by multiplying feed consumed by 
each feed’s chemical content.

The quality of colostrum was measured by collect-
ing 10 mL of colostrum samples that were milked 24 h 
after lambing. The samples were placed inside a cool 
box and taken to the laboratory for quality testing. The 
milk qualities measured were milk fat, protein, lactose, 
density, and solid nonfat (SNF). Each sample was mea-
sured in duplicate using an automatic ultrasonic milk 
analyzer (Lactoscan SLP Milk Analyzer). Milk sample 
was mixed gently 5-6 times to homogenize and avoid 
air enclosure in the milk sample, then 5 mL of milk were 
put in the sample holder. The starting button was acti-
vated, the analyzer sucked the milk, the measurements 
were conducted, and the results were shown on a digital 
display. Before measuring, the lactoscan was calibrated 
for sheep milk (Vasquezz et al., 2015).

 
Measurement of Nutrient Consumption, Performance, 

and Blood metabolite of Experimental Lambs

Nutrient consumptions of experimental lambs were 
measured up to the age of 62 days. The ration given 
was a control ration (P1) with a concentrate: forage 
ratio of 70:30 as much as 3.5% BW by dry matter basis. 
Nutrient consumption of experimental ewes during late 
pregnancy was measured from 14 d before to 14 d after 
parturition, and the animals were given P1, P2, P3, and 
P4 rations. Daily nutrient consumption of concentrate 
and forage were calculated by removing residual feed 
from the offered one in a day. After getting the amount 
of feed consumed, daily nutrient consumption was cal-
culated by multiplying the amount of feed consumed by 
each chemical content of the feed.

Birth weights of experimental lambs were mea-
sured within 24 hours after birth. After that, each experi-
mental lamb was weighed once a week to determine the 
average daily gain (ADG), and the weaning weight was 
measured on weaning on the 56th day after birth. The 
body condition score (BCS) of each experimental lamb 
was measured by observing and touching the spine 
(backbone), loin, and hips (rump) to evaluate fat depos-
its (reserves) at the time of weighing the lamb on the 
56th day after birth. The range of BCS is 1.0–5.0, starting 
from thin (score 1.0) to fat (5.0), according to Kenyon et 
al. (2014).

Blood samples were taken from the jugular vein 
of lamb using a 1-mL syringe (Andrade et al., 2019) for 
measuring blood metabolites on the 7th day of age. 
Analysis of total blood glucose was conducted using 
Glucose KIT (Cat No. 112191, Greiner, AU), triglycerides 
KIT (Cat No. 116392, Greiner, AU), and total cholesterol 

KIT (Cat No. 101592, Greiner, AU). Enzymatic KIT tech-
niques and spectrophotometer at 546 nm (Genesys 10S 
UV-Vis, USA) were used to measure blood metabolites. 
After getting the absorbance values, the blood choles-
terol, glucose, and triglycerides concentrations were 
calculated using the following formulas:
Cholesterol	 =	200 x [(Sample absorbance/Standard 

absorbance) mg dL-1]
Glucose	 =	100 x [(Sample absorbance/Standard 

absorbance) mg dL-1]
Triglycerides	=	200 x [(Sample absorbance/Standard 

absorbance) mg dL-1]

Experimental Design and Data Analysis

This study used a randomized blocked design 
(RBD) with four treatments of flushing concentrate, each 
treatment with five replications of ewes. Grouping of 
ewes was conducted based on body weight, while lamb 
was grouped based on the type of birth. The data ob-
tained were tested statistically by Analysis of Variance 
(ANOVA) (Durakovic, 2017), then followed by Duncan 
test using Statistical Analysis System (SAS) ver 19.0.1. 

RESULTS

Feed Intakes of Ewes During Late Pregnancy

The types of flushing diets fed to experimental 
ewes had no significant effect (p>0.05) on dry matter, 
crude protein, crude fiber, and total digestible nutrient 
(TDN) consumptions during late pregnancy. However, 
the treatment had a significant effect (p<0.05) on crude 
fat consumption during late pregnancy. Nutrient con-
sumptions of experimental ewes fed flushing diet dur-
ing pregnancy are presented in Table 3.

Colostrum Contents of Ewes Fed Flushing Diets
	
The treatment of experimental ewes with different 

flushing rations did not affect (p>0.05) the total solid 
nonfat, density, lactose, fat, and protein contents of co-
lostrum of experimental ewes 24 hours after lambing. 
The nutrient compositions of colostrum produced by 
experimental ewes fed with different flushing rations 24 
hours after lambing are presented in Table 4.

Lamb Blood Metabolites

Treatments of experimental ewes with different 
flushing rations 2 weeks before lambing and 2 weeks af-
ter lambing did not have a significant effect (p>0.05) on 
blood glucose, cholesterol, and triglyceride concentra-
tions of experimental lambs seven days after parturition 
(Table 5).

Nutrient Consumptions of Experimental Lambs

Flushing diets were given to experimental ewes 2 
weeks before lambing and 2 weeks after lambing had no 
significant effect (p>0.05) on the nutrient consumption of 
experimental lambs in the weaning period. The nutrient 
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consumptions of experimental lambs at weaning day are 
presented in Table 6.

 Lambs Performances

Birth and weaning weights. Feeding flushing diet to 
the experimental ewes 2 weeks before and 2 weeks 
after lambing significantly affected (p<0.05) the wean-
ing weight of the experimental lambs but did not sig-
nificantly affect (p>0.05) the lamb BW. Lamb BWs and 
weaning weights of experimental lambs are presented in 
Table 7.

ADG and BCS at weaning age. Feeding flushing diet 
to the experimental ewes 2 weeks before lambing and 2 
weeks after lambing significantly affected (p<0.05) lamb 
body weight gain but did not affect (p>0.05) BCS of the 
lamb at weaning age. The highest ADG increase was 
found in control, and the lowest was in P3. There were 
no differences in ADGs between P2, P4, and control as 
well as between P2, P4, and P3. The weaning weights of 
experimental lambs in control (P1) and in P2 group were 
higher (p<0.05) than in P3 group, but there were no dif-
ferences between P3 and P4 groups as well as between 
P4, P1, and P2 groups. ADG and BCS of experimental 
lambs at weaning age are presented in Table 8.

DISCUSSION

Nutrient Consumptions of Ewes During Late 
Pregnancy

	
During late pregnancy, dry matter consumption, 

protein consumption, and TDN consumption in this 
study fulfilled the nutrient requirements of pregnant 
ewes having twin embryos. Based on NRC (2007), the 
nutritional requirements for pregnant ewe with BW of 
20 kg was 670 g−1day for TDN and 103 g−1day for crude 
protein. A significant difference in fat consumption was 
observed because the fat contents of flushing concen-
trate (P2, P3, and P4) were 7.5% higher than the control 
diet with a fat content of 1.2%. Higher fat consumption 
means higher energy consumption by ewes for prepar-
ing parturition and avoiding negative energy balance 
after lambing. Fat consumption in the control treatment 
was 17 g−1h−1d−1 equivalent with 153 kcal, while the fat 
consumption of ewes fed P2, P3, and P4 ranged from 
59.5 to 77.46 g−1h−1d−1, which was equivalent to the po-
tential energy of 535-697 kcal. Fat contains 9 kcal/g and 
has potential energy higher than protein and carbohy-
drate (Stinson et al., 2018). Therefore, fat supplementa-
tion or a proper nutrition program three weeks before 
parturition may improve energy balance (Jolazadeh et 
al., 2019).

Table 3. Nutrient consumption of ewe during late pregnancy (g−1h−1d−1)

Variables 
Treatments 

P1 P2 P3 P4
Dry matter 1225.3 ± 352.87 1177.5 ± 159.96 931.24 ± 164.25 1008.9 ± 170.99
Crude protein 161.91 ± 43.59 184.05 ± 24.17 149.27 ± 26.88 151.92 ± 25.47
Crude fat 17.33 ± 5.50c 77.46 ± 10.01ᵃ 60.22 ± 11.01ᵇ 59.50 ± 9.98ᵇ
Crude fiber 182.21 ± 65.83 171.40 ± 26.64 130.30 ± 23.17 160.78 ± 29.82
Total digestible nutrient 815.56 ± 222.52 800.06 ± 106.25 636.07 ± 113.53 667.94 ± 112.24

Notes: 	P1= control concentrate, P2= flushing concentrate with 6% palm oil, P3= flushing concentrate with 3% palm oil and 3% lemuru oil, P4= flushing 
concentrate with 6% lemuru oil. Means in the same row with different superscripts differ significantly (p<0.05).

Table 4. Colostrum contents of ewes flushing with concentrate containing DHA and EPA fatty acids from lemuru oil

Variables
Treatments 

P1 P2 P3 P4
Fat (%) 8.87 ± 5.41 10.83 ± 5.44 13.35 ± 8.93 8.14 ± 4.18
Solid nonfat (%) 20.65 ± 0.77 14.56 ± 2.15 17.04 ± 20.03 16.38 ± 5.42
Density (kg L−1) 1.074 ± 0.14 1.048 ± 0.03 1.056 ± 0.06 1.056 ± 0.22
Lactose (%) 9.31 ± 0.35 6.80 ± 1.30 7.70 ± 9.04 7.39 ± 2.44
Protein (%) 9.80 ± 0.35 6.90 ± 1.00 8.08 ± 9.50 7.77 ± 2.58

Notes: 	P1= control concentrate, P2= flushing concentrate with 6% palm oil, P3= flushing concentrate with 3% palm oil and 3% lemuru oil, P4= flushing 
concentrate with 6% lemuru oil. EPA= eicosapentaenoic acid, DHA = Decosehaxanoic acid.

Table 5. Lamb blood metabolites at birth (mg dL−1)

Variables
Treatments 

Normal1

P1 P2 P3 P4
Glucose 88.83 ± 13.15 78.93 ± 7.93 80.33 ± 17.74 71.30 ± 9.72 45–81
Triglyceride 68.14 ± 42.31 75.18 ± 17.01 69.46 ± 18.21 94.47 ± 51.03 6–200
Cholesterol 91.56 ± 28.04 78.15 ± 26.66 82.44 ± 16.71 81.91 ± 32.55 44–90

Notes: 	P1= control concentrate, P2= flushing concentrate with 6% palm oil, P3= flushing concentrate with 3% palm oil and 3% lemuru oil, P4= flushing 
concentrate with 6% lemuru oil. 1Peter et al. (2002).
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Colostrum Content of Ewe Fed Flushing Diet

In this study, the range of colostrum fat contents 
was 8.14%–13.35%. This value was higher than the colos-
trum content of the other sheep, according to Nowak & 
Poindrone (2006). This achievement is due to lemuru oil 
and palm oil supplementation. This result agrees with 
the other reports using megalac and fish oil in sheep, 
which reached 6.8%–9.6% of milk fat (Caper et al., 2007). 
High colostrum fat is good for lamb as a source of fatty 
acids, fat-soluble vitamins, cholesterol, triglycerides, 
and phospholipids (Pereira, 2014). Nutrient content in 
the diet affects mammary gland development, the onset 
of lactogenesis, colostrum production, and hormone 
formation due to its role in regulating and providing 

the nutrients required to produce milk (Banchero et 
al., 2015). Colostrum content is essential for survival in 
newborn lambs and is produced just after parturition 
containing high nutrients, immune globulin, enzymes, 
hormones, growth factors, and neuroendocrine peptides 
(Mašek et al., 2014).

Fat contents of colostrum in experimental ewes fed 
flushing rations were not significantly different from 
the control, meaning that DHA and EPA from lemuru 
fish oil did not reduce milk fat content. This result is 
different from Kittesa et al. (2001) & Capper et al. (2007), 
which reported a decrease in colostrum fat content 
in the dam supplemented with fish oil. In contrast, no 
decrease in fat content was also reported by Mattos et al. 
(2002) and Or-Rashid et al. (2010), and milk fat content 

Table 6. Nutrient consumption of lamb (2 months age) born to ewes fed with flushing concentrate

Variables 
Treatments 

P1 P2 P3 P4
Dry matter (g−1h−1d−1) 206.82 ± 9.35 246.42 ± 39.77 247.12 ± 48.29 262.16 ± 32.29
Crude protein (g−1h−1d−1) 28.40 ± 2.26 33.18 ± 4.31 32.62 ± 6.05 34.58 ± 4.91
Crude fat (g−1h−1d−1) 4.33 ± 0.11 5.21 ± 0.94 5.29 ± 1.06 5.61 ± 0.63
Crude fiber (g−1h−1d−1) 15.85 ± 3.04 21.46 ± 8.15 24.08 ± 6.36 25.62 ± 0.80
Total digestible nutrient (g−1h−1d−1) 149.00 ± 8.48 176.00 ± 26.10 175.20 ± 33.37 185.60 ± 24.20
Ca (g−1h−1d−1) 1.44 ± 0.11 1.67 ± 0.22 1.65 ± 0.30 1.75 ± 0.24
P (g−1h−1d−1) 1.46 ± 0.07 1.79 ± 0.38 1.85 ± 0.39 1.97 ± 0.19
DM consumption (% body weight) 3.30 ± 1.48 2.30 ± 0.65 3.25 ± 0.81 2.60 ± 0.57

Notes: 	P1= control concentrate, P2= flushing concentrate with 6% palm oil, P3= flushing concentrate with 3% palm oil and 3% lemuru oil, P4= flushing 
concentrate with 6% lemuru oil. 

Table 7. Lambs birth weights and weaning weights

Variables Born type
Treatments 

P1 P2 P3 P4
Birth weight (kg) Single 2.65 (n= 1) 3.64 (n= 1) - -

Duplet 3.25 ± 0.183 (n= 2) 2.36 (n= 1) 2.33 ± 0.62 (n= 4) 2.52 ± 0.37 (n= 4)
Triplet 1.67 (n= 1) 1.94 ± 0.31 (n= 4) 1.93 ± 0.28 (n= 3) 1.96 (n= 1)

Average 2.70 ± 0.75 (n= 4) 2.29 ± 0.71 (n= 6) 2.16 ± 0.50 (n= 7) 2.41 ± 0.41 (n= 5)
Weaning weight (kg) Single 10.81 (n= 1) 12.86 (n= 1) - -

Duplet 12.84 ± 0.03 (n= 2) 12.79 (n= 1) 10.74 ± 0.68 (n= 4) 9.84 ± 1.11 (n= 4)
Triplet 9.67 (n= 1) 10.08 ± 0.92 (n= 4) 6.34 ± 0.76 (n= 3) 12.07 (n= 1)

Average 11.54 ± 1.57ᵃ (n= 4) 10.99 ± 1.58ᵃ (n= 6) 8.85 ± 2.44ᵇ (n= 7) 10.28 ± 1.38ab (n= 5)
Notes: 	P1= control concentrate, P2= flushing concentrate with 6% palm oil, P3= flushing concentrate with 3% palm oil and 3% lemuru oil, P4= flushing 

concentrate with 6% lemuru oil. Means in the same row with different superscripts differ significantly (p<0.05).

Table 8. Lambs average daily weight gains and body condition scores

Variables Born type
Treatments 

P1 P2 P3 P4
Average body weight 
gain (g t−1 d−1)

Single 145.71 (n= 1) 164.64 (n= 1) - -
Duplet 189.23 ± 13.68 (n= 2) 196.32 (n= 1) 153.62 ± 21.68 (n= 4) 153.62 ± 20.62 (n= 4)
Triplet 142.7 (n= 1) 145.66 ± 18.08 (n= 4) 78.71 ± 16.74 (n= 3) 183.68 (n= 1)

Average 164.67 ± 27.19ᵃ (n= 4) 157.26 ± 24.89ab (n= 6) 121.52 ± 43.95ᵇ (n= 7) 137.64 ± 31.32ab (n= 5)
Body condition scores Single 3.25 (n= 1) 3 (n= 1) - -

Duplet 3.12 ± 0.17 (n= 2) 3.25 (n= 1) 2.87 ± 0.07 (n= 4) 2.81 ± 0.12 (n= 4)
Triplet 3.0 (n= 1) 2.97 ± 0.25 (n= 4) 2.80 ± 0.09 (n= 3) 3 (n= 1)

Average 3.12 ± 0.14 (n= 4) 3.02 ± 0.22 (n= 6) 2.83 ± 0.08 (n= 7) 2.85 ± 0.13 (n= 5)
Notes: 	P1= control concentrate, P2= flushing concentrate with 6% palm oil, P3= flushing concentrate with 3% palm oil and 3% lemuru oil, P4= flushing 

concentrate with 6% lemuru oil. 
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did not decrease in dam supplemented with fish meal. 
Therefore, the decrease in milk fat can be caused by EPA 
and DHA that inhibit lipogenesis. However, this reduc-
tion occurs if the crude fat content in the ration is high 
(Mattos et al., 2002).

Lactose in the colostrum functions as the primary 
energy source and is also associated with the osmotic 
potential of milk and total milk production (Caper et al., 
2007). This study showed that no difference existed in 
colostrum lactose content between treatments. Milk lac-
tose content in this study ranged from 6.8% to 9.1%. The 
milk’s lactose content is likely to increase continuously 
with the increase in the lamb ages. According to Sanchez 
et al. (2014), milk lactose increased 3% from birth to 60 
days after parturition.

The colostrum lactose content found in the present 
experiment is also higher than that reported by Caper 
et al. (2007) that adding 5.2% megalac in the ration pro-
duced 3.1% milk lactose and supplementation of 4.5% 
fish oil produced 4.8% milk lactose. The high content of 
lactose in the colostrum of ewes given a flushing diet can 
support the optimal growth performance of lamb because 
high lactose is correlated with the availability of high 
energy for lamb growth and development.

The protein content of colostrum is not significantly 
different among the treatments. Colostrum protein in this 
study ranged from 6.9%–9.8%. These results agree with 
Or-Rasyid et al. (2010) report that fish meal supplementa-
tion to the ewe produces 8.13% protein content in colos-
trum, which continues to decrease with the increasing 
age of the lamb. Protein content in colostrum is important 
and available in sufficient quantities for lamb because it 
functions as a source of amino acids for developing body 
tissue, as well as passive immune transfer, antimicrobials, 
facilitating the absorption of nutrients, growth factors, 
hormones, and enzymes (Hernández-Castellano et al., 
2014). Milk protein consists of casein, β-lactoglobulin, 
α-lactoalbumin, immunoglobulins, serum albumin, 
lactoferrin, lactoperoxidase, lysozyme, protease-peptone, 
and transferrin. Each content has a specific function to 
support health performance (Pereira, 2014).

Solid nonfat in colostrum consists of nonfat dry mat-
ter, such as protein, lactose, minerals, and vitamins. The 
content of solid nonfat in this study was not significantly 
different, ranging from 14.56% to 20.25%. The results 
align with the report of Abd-Allah (2013) that high energy 
and high-protein rations more than the recommendation 
produce solid Nonfat (SNF) of colostrum in the range 
of 23.14 to 23.52%. High in SNF contents of colostrum 
means higher nutrients consumed by lamb. High produc-
tion and colostrum quality can indirectly increase lamb 
survival by facilitating filial bonding and increasing lamb 
neonatal behavior (Agenbag et al., 2021).

Lamb Blood Metabolites

Blood glucose concentrations of experimental lambs 
were not significantly different among the treatments 
indicating a reflection of the same sufficient energy status 
in all experimental lambs. Blood metabolites show the 
number of nutrients absorbed and circulated throughout 
the body via blood vessels. Blood glucose levels in this 

study are in the range of normal levels, same with data 
reported by Peter et al. (2002). Blood glucose concentra-
tions obtained in the present study ranged from 78.93 
to 88.83-mg dL−1. This result is higher than that reported 
by Astuti et al. (2011) in growing Garut sheep fed with a 
basal diet with a blood glucose concentration of 37.50-mg 
dL−1. This higher result is due to the high quality of co-
lostrum consumed by the experimental lambs. Therefore, 
high blood glucose concentrations indicate that the lamb 
has sufficient energy demand. High glucose concentra-
tion in the blood in the present study is still in a normal 
condition that is needed to support the growth and devel-
opment of lamb to provide optimal performance.

In this study, the blood cholesterol concentrations of 
experimental lambs were still in the standard range (Peter 
et al., 2002). Blood cholesterol concentrations obtained 
in the present study ranged from 78.15 to 91.50-mg dL−1. 
This result aligns with the result obtained in Garut sheep 
fed with a control diet having a blood cholesterol concen-
tration of 79.79 mg dL-1 (Pujiawati et al., 2018). Normal 
levels are good because cholesterol functions as a precur-
sor for the synthesis and formation of steroid hormones, 
maintaining the cell membrane’s integrity and forming 
bile acids in the liver to be used in digesting fats. Lamb 
blood metabolite will reach the highest cholesterol value 
on the 30th day and then decrease on days 60th, 90th, and 
120th. This condition is related to the diet consumed by 
the lamb and the development of the rumen organ of 
lamb (Ashour et al., 2015).

Blood triglyceride concentrations in this study 
ranged from 68.14 to 94.47-mg dL−1. According to Peter 
et al. (2002), this value is normal. This finding aligns with 
the result reported by Ashour et al. (2015) that studies the 
growth and development of newborn lamb until wean-
ing. Triglyceride level also agrees with the result reported 
in Garut sheep fed with a control diet (Astuti et al., 2011). 
High blood triglyceride levels are essential in lamb be-
cause these molecules are used to store energy reserve.

Lamb Nutrient Consumption

Dry matter consumptions of experimental lambs 
were not significantly different, indicating that the addi-
tion of lemuru oil as a source of EPA and DHA in ewe’s 
diet does not affect the ability of lamb to consume rations 
during weaning. Greenwood et al. (2010) explained a ten-
dency to consume more nutrients in lamb born with light 
BW than heavy ones. However, this study showed no sig-
nificant difference in dry matter consumption; this result 
aligns with the lamb BWs that do not differ between treat-
ments and are not affected by weaning at eight weeks.

Treatment of nutrient supplementation given to 
the ewe during gestation does not affect the feed intake 
of lambs at weaning. This result agrees with Daniel et al. 
(2007) that post-weaning intake of lambs derived from 
ewe fed energy-restriction during pregnancy is not differ-
ent from lamb in the control treatment.

Lamb Performance

Birth and weaning weight. Giving EPA and DHA in 
ewe 2 weeks before parturition did not affect lamb birth 
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weight but affected the weaning weight. The nonsignifi-
cant difference in the birth weights of lambs in this study 
was almost the same as those reported by Pickard et al. 
(2008) and Keithly et al. (2011) that EPA DHA supplemen-
tation given to ewe during gestation did not affect the 
lamb birth weight.

Lamb birth weights in this study ranged from 
2.16 to 2.67-kg. The birth weights of lambs in this study 
are almost the same as those reported by Khotijah et al. 
(2015), which provide flushing rations using sunflower 
oil. The same birth weights among treatments in the 
present study have a good potential of treatment with 
flushing ration since the ewes fed flushing ration tended 
to have larger litter size with similar BW. Ewes fed flush-
ing rations containing EPA DHA in P3 P4 did not born 
in a single type, but in duplet and triplet types, and their 
BWs were the same as the control treatments tended to be 
single and a duplet born type. 

Low weaning weights in P3 agree with data on 
the lower ADG in P3, and birth weights also tend to be 
lighter in P3 (Table 7). Low weaning weight in P3 is due 
to P3 having twin litter size compared to P1 and P2. This 
condition affected lamb BW at birth. This result shows 
that even though lamb in P4 is born in a twin type, the 
weaning weight can be the same as P1 and P2, which 
have lamb born in a single type. 

ADG and BCS weaning age. The highest ADG was 
found in control because the litter size is less than in ewe 
fed flushing diet, and the lowest was in P3. The low-
est ADG in P3 is likely related to the tendency for birth 
weight to be lighter than the other treatments. However, 
the result in ADG of single and twin type lambs in this 
study was higher than the result reported  141 g/head/day 
in a single type and 84 g/head/day in twin type (Fassah et 
al., 2015), or in the single kid is 120 g/head/day (Astuti et 
al., 2019).

BCS in weaning lamb is closer to describing nutrition 
sufficiency than bodyweight (Kenyon et al., 2014). BCS in 
this study was not significantly different between treat-
ments. BCS values ​​ranged from 2.80 to 3.12. This result is 
higher than BCS on weaning lamb in a grazing area. BCS 
of single-type lamb was 1.56 and 1.53 in the twin type 
(Heimbach et al., 2020). This BCS value approaches the 
ideal BCS value of 3 (Bragg et al., 2021). BCS values ​​< 2 
and > 3 are associated with an imbalance metabolism in 
the body. Greenwood et al. (2010) explained differences in 
body fat characteristics influenced by the ewe’s nutrients 
at the end of pregnancy. Lamb born to ewe given restrict-
ed nutrients during pregnancy had a higher proportion of 
body fat (34.6 vs. 27.4%) and lean muscle (65.8 vs. 71.9%) 
than controls.

CONCLUSION

The EPA and DHA from lemuru oil did not affect 
colostrum quality. Flushing rations of 6% lemuru oil 
containing EPA and DHA in the ewes can produce twin 
lambs with good growth performance such as daily gain 
and weaning weight same as the control, which has a 
single litter size.

CONFLICT OF INTEREST

We certify no conflict of interest with any financial, 
personal, or other relationships with other people or 
organizations related to the material discussed in the 
manuscript.

ACKNOWLEDGEMENT

We would like to say thank you to the Indonesian 
Ministry of Technology and Higher education for funding 
our study through PMDSU research grant no 1/AMD/
E1.KP.PTNBH/2020.

REFERENCES

Abd-Allah, M. 2013. Effects of parity and nutrition plane during 
late pregnancy on metabolic responses, colostrum produc-
tion and lamb output of Rahmani ewes. Egyptian Journal 
of Animal Production 50:132-142. https://doi.org/10.21608/
ejap.2013.93673

Agenbag, B., A. M. Swinbourne, K. Petrovski, & W. H. E. J. van 
Wettere. 2021. Lambs need colostrum. A review. Livest. Sci. 
251:104624. https://doi.org/10.1016/j.livsci.2021.104624

Altomonte, I., F. Salari, R. Licitra, & M. Martini. 2018. Use of 
microalgae in ruminant nutrition and implications on 
milk quality. A review.  Livest. Sci.  214:25-35. https://doi.
org/10.1016/j.livsci.2018.05.006

Andrade, I. M., P. B. A. Simões, L. P. Lamas, N. Carolino, & M. 
S. Lima. 2019. Blood lactate, pH, base excess and pCO2 as 
prognostic indicators in caesarean-born kids from goats 
with pregnancy toxaemia.  Ir. Vet. J.  72:(2019). https://doi.
org/10.1186/s13620-019-0149-1

Ashour, G., A. Neama, S. H. Ashmawy, Sh. M. Dessouki, & O. 
H. Shihab. 2015. Blood hematology, metabolites and hor-
mones in newborn sheep and goat from birth to weaning. 
Int. J. Adv. Res. 7:1377-1386.

Astuti, D. A., A. S. Baba, & I. W. T. Wibawan. 2011. Rumen fer-
mentation, blood metabolites, and performance of sheep 
fed tropical browse plants. Med. Pet. 34:201-206. https://doi.
org/10.5398/medpet.2011.34.3.201

Astuti, D. A., A. Anggraeny, L. Khotijah, S. Suharti, & A. 
Jayanegara. 2019. Performance, physiological status, and 
rumen fermentation profiles of pre and post-weaning goat 
kids fed cricket meal as a protein source. Trop. Anim. Sci. 
J. 42:145-151. https://doi.org/10.5398/tasj.2019.42.2.145

Banchero, G. E., J. T. B. Milton, D. R. Lindsay, G. B. Martin, & G. 
Quintans. 2015. Colostrum production in ewes: A review of 
regulation mechanisms and of energy supply. Animal 9:831-
837. https://doi.org/10.1017/S1751731114003243

Behrendt, R., J. E. H. Edwards, D. Gordon, M. Hyder, M. Kelly, 
F. Cameron, J. Byron, M. Raeside, G. Kearney, & A. N. 
Thompson. 2019. Offering maternal composite ewes higher 
levels of nutrition from mid-pregnancy to lambing results in 
predictable increases in birthweight, survival and weaning 
weight of their lambs. Anim. Prod. Sci. 59:1906-1922. https://
doi.org/10.1071/AN18505

Bragg, R., A. Macrae, S. Lycett, E. Burrough, G. Russell, & A. 
Corbishley. 2021. Risk factor analysis for beef calves re-
quiring assisted vaginal delivery in Great Britain.  Vet. 
Rec. 188:e8. https://doi.org/10.1002/vetr.8

Capper, J. L., R. G. Wilkinson, A. M. Mackenzie, & L. A. 
Sinclair. 2007. The effect of fish oil supplementation of 
pregnant and lactating ewes on milk production and lamb 
performance. Animal 1:889-898. https://doi.org/10.1017/
S1751731107000067

Daniel, Z. C., J. M. Brameld, J. Craigon, N. D. Scollan, & P. 
J. Buttery. 2007. Effect of maternal dietary restriction 

https://doi.org/10.21608/ejap.2013.93673
https://doi.org/10.21608/ejap.2013.93673
http://www.ncbi.nlm.nih.gov/pubmed/104624
https://doi.org/10.1016/j.livsci.2021.104624
https://doi.org/10.1016/j.livsci.2018.05.006
https://doi.org/10.1016/j.livsci.2018.05.006
https://doi.org/10.1186/s13620-019-0149-1
https://doi.org/10.1186/s13620-019-0149-1
https://doi.org/10.5398/medpet.2011.34.3.201
https://doi.org/10.5398/medpet.2011.34.3.201
https://doi.org/10.5398/tasj.2019.42.2.145
https://doi.org/10.1017/S1751731114003243
https://doi.org/10.1071/AN18505
https://doi.org/10.1071/AN18505
https://doi.org/10.1002/vetr.8
https://doi.org/10.1017/S1751731107000067
https://doi.org/10.1017/S1751731107000067


September 2022      355    

NURLATIFAH ET AL. / Tropical Animal Science Journal 45(3):348-355

during pregnancy on lamb carcass characteristics and mus-
cle fiber composition. J. Anim. Sci. 85:1565-1576. https://doi.
org/10.2527/jas.2006-743

Durakovic, B. 2017. Design of experiments application, concepts, 
examples: State of the art.  Periodicals of Engineering and 
Natural Sciences 5:421‒439. https://doi.org/10.21533/pen.
v5i3.145

Fassah, D. M., L. Khotijah, A. Atabany, R. R. Mahyardiani, R. 
Puspadini, & A. Y. Putra. 2015. Blood malondialdehyde, 
reproductive, and lactation performances of ewes fed 
high PUFA rations supplemented with different antioxi-
dant sources.  Med. Pet. 38:48-56. https://doi.org/10.5398/
medpet.2015.38.1.48

Garcia, M., L. F. Greco, M. G. Favoreto, R. S. Marsola, L. T. 
Martins, R. S. Bisinotto, J. H. Shin, A. L. Lock, E. Block, 
W. W. Thatcher, J. E. Santos, & C. R. Staples. 2014. Effect 
of supplementing fat to pregnant nonlactating cows on co-
lostral fatty acid profile and passive immunity of the new-
born calf.  J. Dairy Sci.  97:392-405. https://doi.org/10.3168/
jds.2013-7086

Grazul-Bilska, A. T., E. Borowczyk, J. J. Bilski, L. P. Reynolds, 
D. A. Redmer, J. S. Caton, & K. A. Vonnahme. 2012. 
Overfeeding and underfeeding have detrimental ef-
fects on oocyte quality measured by in vitro fertiliza-
tion and early embryonic development in sheep.  Domest. 
Anim. Endocrinol. 43:289-298. https://doi.org/10.1016/j.
domaniend.2012.05.001

Greenwood, P. L., A. N. Thompson, & S. P. Ford. 2010. Postnatal 
Concequensis of Maternal Environtment and of Growth 
during Prenatal life for Productivity of Ruminants. In: 
Managing Prenatal Life for Productivity of Ruminants. 
Springer Science and Business Media, Berlin (DE). https://
doi.org/10.1007/978-90-481-3135-8_1

Heimbach, N. da S., C. C. B. F. Ítavo, L. C. V. Ítavo, A. M. Dias, 
G. Dos S. Difante, F. de A. Borges, A. L. C. Gurgel, K. L. 
da S. Monteiro, C. O. de O. Frangiotti, T. F. F. de S. Arco, 
M. C. M. da Costa, & M. V. G. Niwa. 2020. Productive and 
reproductive performance of ewes at 60 and 90 days post-
partum treated by different weaning system.  Trop. Anim. 
Sci. J. 43:248-253. https://doi.org/10.5398/tasj.2020.43.3.248

Hernández-Castellano, L. E., A. M. Almeida, N. Castro, & A. 
Argüello. 2014. The colostrum proteome, ruminant nutri-
tion and immunity: A review. Curr. Protein Pept. Sci. 15:64-
74. https://doi.org/10.2174/1389203715666140221124622

Jolazadeh, A. R., T. Mohammadabadi, M. Dehghan-Banadaky, 
M. Chaji, & M. Garcia. 2019. Effect of supplementing calcium 
salts of n-3 and n-6 fatty acid to pregnant nonlactating cows 
on colostrum composition, milk yield, and reproductive per-
formance of dairy cows. Anim. Feed Sci. Technol. 247:127-
140. https://doi.org/10.1016/j.anifeedsci.2018.11.010

Keithly, J. I., R. W. Kott, J. G. Berardinelli, S. Moreaux, & P. 
G. Hatfield. 2011. Thermogenesis, blood metabolites and 
hormones, and growth of lambs born to ewes supplement-
ed with algae-derived docosahexaenoic acid. J. Anim. Sci. 
89:4305-4313. https://doi.org/10.2527/jas.2010-3391

Kenyon, P., S. Maloney, & D. Blache. 2014.  Review of sheep 
body condition score in relation to production characteris-
tics. New Zealand Journal of Agricultural Research 57:38-64. 
https://doi.org/10.1080/00288233.2013.857698

Khotijah, L., K. G. Wiryawan, M. A. Setiadi, & D. A. Astuti. 
2015. Reproductive performance, cholesterol and proges-
terone status of garut ewes fed ration containing different 
levels of sun flower oil. Pak. J. Nutr. 14:388-391. https://doi.
org/10.3923/pjn.2015.388.391

Kia, H. D. & A. H. A. Safdar. 2015. Effects of calcium salts of 
fatty acids (CSFA) with different profiles (ω3 and ω6) dur-
ing the flushing period on reproductive performance 
of’Afshari’ewes.  Small Rumin. Res.  126:1-8. https://doi.
org/10.1016/j.smallrumres.2015.02.020

Mašek, T., L. Krstulović, D. Brozić, M. Vranić, M. Maurić, M. 
Bajić, & K. Starčević. 2014. Cow colostrum and early milk 
enriched with eicosapentaenoic and docosahexaenoic fat-
ty acid.  Eur. Food Res. Technol.  238:635-640. https://doi.
org/10.1007/s00217-013-2144-1

Mattos, R., C. R. Staples, J. Williams, A. Amorocho, M. 
A. McGuire, & W. W. Thatcher. 2002. Uterine, ovar-
ian, and production responses of lactating dairy cows 
to increasing dietary concentrations of menhaden fish 
meal. J. Dairy Sci. 85:755-764.  https://doi.org/10.3168/jds.
S0022-0302(02)74133-7

Rosales Nieto, C. A., M. B. Ferguson, C. A. Macleay, J. R. Briegel, 
D. A. Wood, G. B. Martin, R. Bencini, & A. N. Thompson. 
2018. Milk production and composition, and progeny per-
formance in young ewes with high merit for rapid growth 
and muscle and fat accumulation.  Animal  12:2292-2299. 
https://doi.org/10.1017/S1751731118000307

Nowak, R., & P. Poindron. 2006. From birth to colostrum:early 
steps leading to lamb survival. Reprod. Nutr. Dev. 46:431-
446. https://doi.org/10.1051/rnd:2006023

NRC. 2007. Nutrient Requirements of Small Ruminants. National 
Academy, Washington, DC.

Or-Rashid, M. M., R. Fisher, N. Karrow, O. AlZahal, & B. W. 
McBride. 2010. Fatty acid profile of colostrum and milk 
of ewes supplemented with fish meal and the subsequent 
plasma fatty acid status of their lambs. J. Anim. Sci. 88:2092-
2102. https://doi.org/10.2527/jas.2009-1895

Pereira, P. C. 2014. Milk nutritional composition and its role in hu-
man health. Nutrition 30:619-627.  https://doi.org/10.1016/j.
nut.2013.10.011

Peñagaricano, F., X. Wang, G. J. M. Rosa, A. E. Radunz, 
& H. Khatib. 2014. Maternal nutrition induces gene 
expression changes in fetal muscle and adipose tis-
sues in sheep.  BMC Genomics.  15:1034. https://doi.
org/10.1186/1471-2164-15-1034

Peter, G. G., Jackson, D. Peter, & Cockcroft. 2002. Clinical 
Examination of Farm Animals. Blackwell Science Ltd. 
https://doi.org/10.1002/9780470752425

Pickard, R. M., A. P. Beard, C. J. Seal, & S. A. Edwards. 2008. 
Neonatal lamb vigour is improved by feeding docosa-
hexaenoic acid in the form of algal biomass during late 
gestation. Animal 2:1186-1192. https://doi.org/10.1017/
S1751731108001997

Pudelkewicz, C., J. Seufert, & R. T. Holman. 1968. Requirements 
of the female rat for linoleic and linolenic acids. J. Nutr. 
94:138-146. https://doi.org/10.1093/jn/94.2.138

Pujiawati, Y., L. Khotijah, A. Sudarman, & I. Wijayanti. 2018. 
Effect of different ratio Omega-3 and Omega-6 in total Mix 
ration on productive performance, blood metabolites and 
estrous characteristic of ewes. Bulein Peternakan 42:295-300. 
https://doi.org/10.21059/buletinpeternak.v42i4.29254

Roberti, S. L., R. Higa, V. White, T. L. Powell, T. Jansson, & A. 
Jawerbaum. 2018. Critical role of mTOR, PPARγ and PPARδ 
signaling in regulating early pregnancy decidual function, 
embryo viability and feto-placental growth.  Mol. Hum. 
Reprod. 24:327-340. https://doi.org/10.1093/molehr/gay013

Sen, U., E. Sirin, U. Ensoy, Y. Ü. K. S. E. L. Aksoy, Z. Ulutas, 
& M. Kuran. 2015. The effect of maternal nutrition level 
during mid-gestation on postnatal muscle fibre composi-
tion and meat quality in lambs. Anim. Prod. Sci. 56:834-843. 
https://doi.org/10.1071/AN14663

Schoonmaker, J. & M. Eastridge. 2013. Effect of Maternal 
Nutrition on Calf Health and Growth. Proceedings of the 
22nd Tri-State Dairy Nutrition Conference, Fort Wayne, 
Indiana, USA, 23-24 April 2013 2013 pp. 63-80.

Stinson, E. J., P. Piaggi, M. Ibrahim, C. Venti, J. Krakoff, & S. 
B. Votruba. 2018. High fat and sugar consumption during 
ad libitum intake predicts weight gain. Obesity 26:689-695. 
https://doi.org/10.1002/oby.22124

https://doi.org/10.2527/jas.2006-743
https://doi.org/10.2527/jas.2006-743
https://doi.org/10.21533/pen.v5i3.145
https://doi.org/10.21533/pen.v5i3.145
https://doi.org/10.5398/medpet.2015.38.1.48
https://doi.org/10.5398/medpet.2015.38.1.48
https://doi.org/10.3168/jds.2013-7086
https://doi.org/10.3168/jds.2013-7086
https://doi.org/10.1016/j.domaniend.2012.05.001
https://doi.org/10.1016/j.domaniend.2012.05.001
https://doi.org/10.1007/978-90-481-3135-8_1
https://doi.org/10.1007/978-90-481-3135-8_1
https://doi.org/10.5398/tasj.2020.43.3.248
https://doi.org/10.2174/1389203715666140221124622
https://doi.org/10.1016/j.anifeedsci.2018.11.010
https://doi.org/10.2527/jas.2010-3391
https://doi.org/10.1080/00288233.2013.857698
https://doi.org/10.3923/pjn.2015.388.391
https://doi.org/10.3923/pjn.2015.388.391
https://doi.org/10.1016/j.smallrumres.2015.02.020
https://doi.org/10.1016/j.smallrumres.2015.02.020
https://doi.org/10.1007/s00217-013-2144-1
https://doi.org/10.1007/s00217-013-2144-1
https://doi.org/10.3168/jds.S0022-0302(02)74133-7
https://doi.org/10.3168/jds.S0022-0302(02)74133-7
https://doi.org/10.1017/S1751731118000307
https://doi.org/10.1051/rnd:2006023
https://doi.org/10.2527/jas.2009-1895
https://doi.org/10.1016/j.nut.2013.10.011
https://doi.org/10.1016/j.nut.2013.10.011
https://doi.org/10.1186/1471-2164-15-1034
https://doi.org/10.1186/1471-2164-15-1034
https://doi.org/10.1002/9780470752425
https://doi.org/10.1017/S1751731108001997
https://doi.org/10.1017/S1751731108001997
https://doi.org/10.1093/jn/94.2.138
https://doi.org/10.21059/buletinpeternak.v42i4.29254
https://doi.org/10.1093/molehr/gay013
https://doi.org/10.1071/AN14663
https://doi.org/10.1002/oby.22124

