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A study was conducted to evaluate the effects of feeding Omega-3 during 

pregnancy on maternal performance, lamb birth weight, colostrums production and 
quality, milk production and composition, postpartum lambs performance and milk 
fatty acid profile of Awassi ewes. Fat sources used in this study were palm oil (PO) 
and fish oil (FO). One hundred Awassi ewes (BW=57±1.5 kg, age=3.5±1.2 years), 
were randomly assigned to four dietary treatments. Treatments were 1) diet 
containing PO from 0-150 days of pregnancy (PO; n = 25), 2) diet containing PO 
from 0-65 days of pregnancy, then diet containing FO 66-150 days of pregnancy 
(POFO; n = 25), 3) diet containing FO from 0-65 days of pregnancy, then diet 
containing PO from 66-150 days of pregnancy (FOPO; n = 25) and 4) diet 
containing FO from 0-150 days of pregnancy (FO; n = 25). Animals were housed 
with three replicates per treatment. 

The including FO into diet during pregnancy especially in the late 
gestation period increased birth weight, gestation length and colostrums IgG 
content, but decreased colostrums production, and lowered percentage of milk fat 
and milk protein. Also, it decreased saturated fatty acids and increased 
polyunsaturated fatty acids especially omega-3 polyunsaturated fatty acids, of 
docosahexaenoic acid, eicosapentaenoic acid and conjugated linoleic acid. 
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Mevcut çalışmaİvesi koyunlarında gebelik döneminde Omega-3 ile beslemenin 

performans, kuzu doğum ağırlığı, kolostrum üretimi ve kalitesi , süt üretimi ve 
kompozisyonu, doğum sonrası kuzu performansı ve süt yağ asidi profile üzerine etkisini 
belirlemek  için yürütülmüştür. Omega-3 yağ kaynağı olarak balık yağı (FO), kontrol olarak 
ise hurma yağı kullanılmıştır. Gebelik dönemi 0-65. gün ile 66-150. gün şeklinde 2 periyota 
ayrılmıştır. Yağ kaynakları gebeliğin ilk yarısında toplam karışım rasyonda %2.4, ikinci 
yarısında ise %2.1 oranında kullanılmıştır. Çalışmada oluşturulan muameleler gebelik 
boyunca (0-150 gün) hurma yağı verilen koyunlar (PO; n = 25), 2) gebeliğin 0-65 günü 
hurma yağı alan ve 66-150 günü balık yağı alan koyunlar (POFO; n = 25), 3) gebeliğin 0-
65 günü balık yağı, 66-150 gün hurma yağı alan koyunlar, (FOPO; n = 25), 4) gebelik 
boyunca (0-150) balık yağı alan koyunlar (FO; n = 25) şeklinde olmuştur. Hayvanlar her bir 
muamele grubu için 3 tekerrürlü olacak şekilde barındırılmış ve böylece her bir muamele 3 
alt gruba bölünmüştür.  

Özellikle gebeliğin ikinci yarısındarasyona FO’nun dahil edilmesi doğum 
ağırlığını, gebelik süresini ve kolostrum IgG içeriğini arttırmıştır. Ayrıca, kuzuların ölüm 
oranı sayısal olarak azalmıştır. Gebelik döneminde rasyonda balık yağı kullanılması süt 
doymamış yağ asit oranını arttırmış ve özellikle omega 3 çoklu doymamış yağ asitleri, 
dokosaheksaenoik asit, eikosapentaenoik asit ve konjüge linoleik asit gibi çoklu doymamış 
yağ asit düzeylerinin arttığı saptanmıştır. 

 
Anahtar Kelimeler: Koyunlar, Gebelik beslemesi, Balık yağı, Kolostrum, Omega 

3, Performans. 
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EXTENDED ABSTRACT 
 

A study was conducted to evaluate the effects of feeding Omega-3 during 

gestation on maternal performance, lamb birth weight, colostrums production and 

quality, milk production and composition, postpartum lambs performance and milk 

fatty acid profile of Awassi ewes. Fat sources used in this study were palm oil (PO) 

and fish oil (FO) and they were used in 2.4% DM during early stage of gestation 

and in 2.1% DM during late stage of gestation.  

One hundred mature Awassi ewes at 2-4 years of age, parity ranging from 

1 to 3 and body weight 57±1.5 kg were randomly assigned to four dietary 

treatments. Treatments were 1) diet containing PO from 0-150 days of pregnancy 

(PO; n = 25),  2) diet containing PO from 0-65 days of pregnancy, then diet 

containing FO 66-150 days of pregnancy (POFO; n = 25), 3) diet containing FO 

from 0-65 days of pregnancy, then diet containing PO from 66-150 days of 

pregnancy (FOPO; n = 25) and 4) diet containing FO from 0-150 days of 

pregnancy (FO; n = 25). Animals were housed with three replicates per treatment, 

each treatment was divided to three subgroups (first two groups contained 8 ewes, 

third groups contained 9 ewes). 

After birth ewes with their lambs were housed with three replicates per 

treatment, every treatment divided to three subgroups in shaded pens (12 m ×6 m) 

and all pens have an area for creep feeding. At the end of nursing period, lambs 

were separated from their dams, and continue with the same ewes groups to 

milking period and fattening for ram lambs, thirty two (average age = 70±0.99 d) 

Awassi ram lambs (average BW = 19 ±1.7 kg) were assigned to the same diet. All 

lambs were separated to four groups (8 lamb/group) as the ewes group. After 

lambing diets were formulate without FO and/or PO and to be isonitrogenous and 

the same for all ewes and lambs. Diets were mixed every day, were sampled for 

laboratory analysis to ensure consistency in their chemical composition (triplicate). 
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Ewes with their lambs were housed as groups. Experimental diets are adequate for 

nursing ewes (NRC, 2007). 

The study lasted 11 months in total; 5 months of pregnancy, 4 months of 

nursing and milking period and 2 months of fattening period. During pregnancy 

period ewes were weighed monthly before morning feeding. Pregnancy, lambing, 

abortion and mortality were recorded. During nursing and milking period ewes and 

lamb intake was measured and weight were recorded, average daily gain before 

weaning calculated using the biweekly body weights for each lamb. Colostrum and 

milk yield was measured, colostrum was analyzed for solids not fat, fat, crude 

protein and immunoglobulin G. Milk was analyzed for solids not fat, fat, crude 

protein and fatty acids composition. During fattening period the daily dry matter 

intake, average daily gain and mortality were measured. 

The including FO into diet during pregnancy especially in the late 

gestation period increased birth weight, gestation length and colostrums IgG 

content, but decreased colostrums production, and lowered percentage of milk fat 

and milk protein. Also, it decreased mortality of their lambs numerically. However, 

the reduction in milk production and composition were over short timescale. 

 About the milk fat content of ewes the including FO in Awassi ewes 

during pregnancy especially in late gestation period decreased saturated fatty acids 

and increased polyunsaturated fatty acids especially omega-3 polyunsaturated fatty 

acids, of docosahexaenoic acid, eicosapentaenoic acid and conjugated linoleic 

acid.In milk FA profile, the maternal dietary composition affected the FAs profile 

of milk in dietary ewes, our results show that it is possible to enhance ewes milk in 

n-3 PUFAs, CLA, EPA and DHA, by inclusion of FO in ewes diet during late 

gestation, which is considered beneficial to human health. Also, these findings 

support ideas that high transfer efficiencies into ewes milk for EPA and DHA than 

other species and/ or than other n-3 PUFA sources.   

In conclusion, the addition of FO at 2.1% DM, in late pregnancy period, 

could be used as sheep feed additive for improve birth weight, colostrums IgG 
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concentration and milk poly unsaturated fatty acids content, with decreased the 

abortion and mortality rates numerically. Without any adversely affect on animal 

health or nutrient intakes during pregnancy period. 

Keywords: Ewes, maternal feeding, fish oil, colostrum, omega 3, performance. 
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1. INTRODUCTION 
 

The Awassi sheep is the native local breed in Jordan and in the semi-arid 

areas of the Near East countries including Turkey. This breed is raised for its meat, 

milk, and wool. It has been introduced to more than 30 countries (Galal et al. 

2008). Awassi breed is preferable in this area because they tolerant to harsh 

environmental conditions, and has other favourable traits including diseases and 

parasites resistance, the ability to walk for long distances while grazing, inherent 

strong flock instinct, and being adapted to fluctuations in management, especially 

those related to scarcity of feed and high temperatures (Gürsoy 2005). Awassi rams 

reach puberty at around 8 months, and ewes reach by the age of 9 months. The 

breeding season of Awassi ewes starts in April and lasts through September. The 

gestation length varies from 149 to 155days (average 152days). Under natural 

conditions, undergo a postpartum anoestrus which results in only one offspring per 

year (Abu Zanat et al. 2005). Abortions, neonatal disease, mortality and low of 

fertility are the main problems facing livestock industry in Jordan and Middle East 

region. These problems have a significant impact on the profitability of livestock 

breeders. Milk and meat produced by Awassi sheep are important products that are 

preferred by many consumers in the Middle East region over products of any other 

breed and species (MOA, 2012). Therefore must concentrate the researches during 

pregnancy and the factors effect in this period to improve the profitability from 

sheep industry and productivity of offspring in Middle East countries.       

Maternal nutrition in the gestation period plays important function in the 

fetal growth regulation and affects the offspring lifespan health and productivity 

(Belkacemi et al. 2010). Maternal nutritional status is an important factor 

associated with nutrient dividing and eventually the evolution and development of 

major fetuses organ systems (Caton et al. 2009, Caton and Hess, 2010). Some 

metabolic problems in the fetal period, the fetus and the offspring of lifelong 

development may affect the health and performance (Wu et al. 2006). During 
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gestation period the challenge pregnant ewes has to overcome is providing 

adequate amounts of nutrients in order to support fetus organs growth, provide 

maintenance for physiological needs, mammary gland development, colostrum and 

milk production (Amanlou et al. 2010). Undernutrition or the lacking nutrients in 

maternal diet may has pose unfavourable effect in birth weight, with significant 

effect on newborn morbidity and mortality. There is an extensive increase demand 

for nutrients for ewes in pregnancy period in comparison to its demand during 

other stages. 

Many studies were conducted to recognize significant periods of 

development and the period with high nutrients demand during which, in practice, 

nutritional insufficiency is potentiality to happen, for instance, the periods of late 

gestation and in the early lactation. During early pregnancy characterized by 

minimal fetal development, undernutrition might be relatively safe as the demand 

of the nutrients for the fetus development during that stage of gestation is low 

comparatively with other gestation periods. This is particularly true as suggested by 

the fact that about 75% of the growth of bovine fetuses happening in the last 40 

days of pregnancy (Stewart et al. 2001). So, during early gestation nutrient 

requirements for fetus growth are minimal. These requirements are covered 

without additional requirements for the placental delivery system. Actually, some 

research involving sheep fetuses from the sixth to ninth week of pregnancy period 

have shown that the undernutrition of the maternal in this weeks of gestation lead 

to lateness in the growth of reproductive system of  the fetuses ( Rae et al. 2000). 

Maternal nutrition affects offspring reproductive development and 

performance (Rae et al. 2000; Rhind et al. 2001; Rhind, 2004; and Bell, 2006). In 

both male and female fetuses there are critical development windows such as germ 

cell migration, gonadal development, steroidogenesis, folliculogenesis, and sertoli 

cell replication occurring in distinct periods of development (Rhind et al. 2001; 

Rhind, 2004). Nutritional status of the dam can affect on development of fetus 

organs at many stages of development. Nevertheless, the critical stage of this effect 
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is not well known until now. Rhind (2004) reported that as several effects on the 

fetal development were exerted at a specific period of fetal growth, they were not 

expressed in some cases until a later stage. This author further suggested that there 

was a lack in knowledge regarding maternal nutritional effects and mediation to 

foetal reproductive functions and performance including the underlaying processes. 

The reason that disruptions in fetal development during pregnancy (intrauterine 

growth retardation) occurring in farm animals that may affect the development and 

performance of a lifetime has recently attracted intense interest. Disruptions 

occurring fetal development, reduces the strength to live after birth, offspring of the 

coarse / may affect the concentrate feed use capability, may adversely affect 

carcass composition and meat quality in the long term can increase their health 

problems (Wu et al. 2006). 

Fat supplementation to ruminant has been extensively studied in regard to 

effects on many reproductive aspects such as sperm production and seminal 

characteristics (Castellano et al. 2010), maternal recognition of pregnancy (Filley et 

al. 2000, Lopes et al. 2009) through suppression of luteolytic signals from the 

endometruim (Mattos et al. 2000), follicle development, oocyte quality (Staples 

and Thatcher, 2005; Bilby et al. 2006a), embryo quality and viability (Cerri et al. 

2009), and on milk production and quality (Rego et al. 2004; Bernal et al. 2010) 

and/or meat characteristics and quality (Wood et al. 2003).Fatty acids (FA) are 

very important for ruminants into consideration as well as considering the 

important role FAs play in the reproductive processes such as steroidogensis, the 

effects of fat in ruminants nutrition and reproduction aspects not affected by the 

total fat intake or consumed by animal, but affected by the type of fat consumed 

This is especially important because the ruminant animals hydrogenated 

polyunsaturated fatty acids (PUFAs) by the rumen population, and subsequently, 

decreasing the amount of PUFAs available for absorption in small intestine 

(Thatcher and Staples, 2007, Santos et al. 2008, Doreau et al. 2011). However, it is 

possible that some specific PUFAs may escape biohydrogenation in  the reticulo-
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rumen, and absorbed in the small intestine, allowing for better reproductive activity 

by immediately affecting the purpose tissue of the reproductive system in the ewe 

(autocrine or paracrine) or indirectly by mediation of the endocrine system (Staples 

and Thatcher, 2005). 

Structural changes in FA structures including chain length, level of 

unsaturation and double bonds position in the acil chain of FAs may have a major 

effect on reproductive functions and may also play a role in reproduction (Mattos 

et al. 2000). Several studies have concluded that ω-3 PUFAs (n-3) such as 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) undergo no or little 

biohydrogenation in the rumen (Thatcher and Staples, 2007). Feedstuff sources 

containing such FAs are mainly derived from fish and/or other marine products, 

such as the fish oil and the fishmeal, which are considered non-essential since they 

can be synthesized from linolenic acid (n-3). In addition, they appear to play a 

crucial role in animal reproductive performance (Thatcher and Staples, 2007). In 

various reproductive tissues, PUFAs play a mediator role as they participate in a 

series of functions including fluidity of cell membrane, intracellular signaling 

process, and mitigation of oxidative stress damage (Wathes et al. 2007).  

Fat supplementation to dairy ewes leads to improvement in milk 

production (Gargouri et al. 2006). In beef cows it increase follicular growth from 

dams supplemented with fat sources (Bottger et al. 2002). Production performance 

traits like milk production and live and weaning weights have been reported to 

differently respond to fat supplementation. Delayed regression of corpus luteum, 

improved embryo survival and subsequently better fertility have been reported in 

cattle fed diets containing fishmeal (Staples et al, 1998). The possible reason for 

this is that fishmeal is rich in EPA and DHA which may reduce the synthesis of 

prostaglandin F2α (PGF2α) (Staples et al, 1998). 

Docosahexaenoic acid has been shown to play a specific functional role in 

neural development of the fetus and early infant, which may influence the viability 

of neonates (Cattaneo et al. 2006; Capper et al. 2007). This FA is highly 
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concentrated in tissues of brain and accumulated, selectively, during later stages of 

infant brain growth and fetal development (Brenna and Lapillonne, 2009; Hsieh 

and Brenna, 2009). Research findings suggest that intake of DHA during gestation 

proves advantageous to both mother and developing fetus (Saldanha et al. 2009).  

Hypothermia is a major factor that contributes to high lamb mortality rates. 

This is particularly due to delayed suckling and exhaustion of brown adipose fat 

(Singer, 1998). PUFA supplementation through inclusion of fishmeal (FM) to diets 

of sheep during late pregnancy has reduced the latency of suckling in lambs 

(Capper et al. 2006). On the other hand, the very long chain n-3 PUFAs are 

considered essential, as they are not adequately synthesized by ruminant tissues or 

systems to meet their requirements. Therefore, long chain n-3 PUFAs 

concentration in the animal body depends primarily on feed intake. It is possible, 

then, that supplementation FM or fish oil (FO) to ewes` diets may improve the 

essential FA status of ruminant animals during gestation. Dawso and Edgar, (2006) 

have studied the source and level of FO supplementation effects in ewes during late 

pregnancy ewes. Their results indicated that supplementing ewe diets in late 

pregnancy with 20 g FO per day improved lamb survival to weaning. Moreover, 

Capper et al. (2006) and Pickard et al. (2005) reported improved neonatal lamb 

vigour through the inclusion of PUFA in the diet of pregnant ewes, an effect that 

may be mediated through increased gestation length or enhanced neural tissue 

development within the fetus. 

The release of trophoblast interferon-T (IFNT) is involved in successful 

maternal recognition of pregnancy, and subsequently, embryo survival. IFNT 

inhibits endometrial oxytocin receptors expression (Wathes and Lamming, 1995) 

and secretion of Prostaglandin F2α (PGF2α) from the endometrium. This prevents 

corpus luteum regression and maintains maternal progesterone (P4) levels. Thus, 

diets rich in n-3, lower PGF2α synthesis and prevent CL regression and, 

subsequently, allow continued secretion of P4 and improve embryonic survival 

(Inskeep, 2004). A number of authors have previously inferred a positive effect of 
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n-3 on embryo survival by PGF2α secretion reduction from bovine endometrial 

cells in vitro (Mattos et al. 2003; Caldari-Torres et al. 2006). 

In sheep, FO supplementation during third trimester of gestation was 

reported to extend the gestation for two days compared to Megalac (Capper et al. 

2006). In addition, the pregnancy period was prolonged when ewes were 

supplemented with DHA rich algal (Pickard et al. 2008). 

The adding rumen bypass fat to ruminant diets was reported as beneficial 

feeding way to improve milk fat percentage. Generally, Ca salts of PO have been 

reported to increase milk yield and fat percentage (Pulina et al. 2006). Milk fat 

profile and concentration did not affected by feeding dairy ewes Ca salts of PUFA 

from oil (Kitessa et al. 2003) or calcium soap from olive oil (Antongiovanni et al. 

2002; Dobarganes García et al. 2005). Rotunno et al. (1998) reported the 

supplementation of dairy ewes with rumen bypass fat at 4% and 8% DM, increased 

the milk contents of fat and reduced protein concentration in the milk. Rotunno et 

al. (1998) have reported similar findings on dairy goats. Casals et al. (1999) found 

that feeding ewes during milking period 200g calcium soap of fatty acid (CSFA) of 

PO during their complete lactational period has markedly increased milk fat 

content (+23%) and yield (+16%). However, these authors reported reduced milk 

protein content (-9%). In addition, the total milk solids were higher during the last 

periods of lactation with no dietary effects observed in the yield of total milk 

solids. Martin et al. (1999) found that adding 100g of CSFA of PO to Verata goats 

diets produced higher milk fat content and total milk solids, with no effect on either 

milk protein proportion or production. Greater milk fat content and yield was also 

seen in dairy ewes fed diets containing (45g/day CSFA) of olive oil.  

Perez-Alba et al. (1997) demonstrated that supplementation of CSFA of 

olive FA at 10% of basal diet of dairy ewes tended to produce 11% more milk. 

Higher daily milk production was reported in ewes fed a basal diet supplemented 

with about 50 g of CSFA compared to control diet (Hegazy et al. 1999). 
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Furthermore, Dobarganes-Garcia et al. (2005) observed 4.1% greater milk yields in 

dairy ewes given 45 g/d CSFA of olive oil. 

Between all marine products and other fat sources, marine oil was reported 

to result in highest conjugated linoleic acid (CLA), vaccenic acid (VA) and ω-3 FA 

levels in ewe milk. Protected FO supplements of 30 and 45 g/d have been reported 

to increase CLA concentration in dairy ewes milk (Mozzon et al. 2002). Despite 

the fact that marine oil is poor in CLA precursors, it proved efficient in improving 

milk concentration of VA and CLA by inhibiting the ruminal bacterial reduction of 

VA to stearic acid. 

When rumen-protected marine oil was supplemented to ewes, 

concentration of EPA and DHA in milk fat increased compared to controls 

(Mozzon et al. 2002; Kitessa et al. 2003; Ferreira et al. 2011), Although the carry-

over of nutrients from ration to milk was just about 20% (Mozzon et al. 2002; 

Kitessa et al. 2003). Probably, the transition of EPA and DHA (PUFA) from dairy 

ewes diet to milk was more than in dairy goats or cows (Kitessa et al. 2001; Lock 

and Bauman, 2004).The augmentation of PUFA n-3 long chain polyunsaturated 

fatty acids (LC-PUFA) such as EPA and DHA from dairy ewes diet to milk is 

tricky because of the biohydrogenation in the rumen is very high for EPA and 

DHA. This biohydrogenation maybe reach to about 72% for DHA in dairy ewes 

(Wachira et al. 2000). An additional reason for this high biohydrogenation is the 

reality that these PUFA are not transported with the plasma lipid fractions (TG and 

NEFA), which are the main mammary sources of FA uptake (Lock and Bauman, 

2004). 

The development of the immunity system in new born of ruminants take a 

time, then the immunity system needs some time to react and define from 

pathogens by produce antibodies to protect the new born. So the new born in the 

beginning of life take the antibodies from mother by colostrum. In another species, 

the antibodies transferred from mother during pregnancy period, this not occurs in 

ruminants. Wherefore, the new born should be suckling from mother at birth 
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immediately and take good amount from colostrum. The newborn of ruminants is 

totally depending of immunoglobulin (Ig) from mother colostrum (Kehoe and 

Heinrichs, 2007). Establishment of appropriate passive transfer (APT) is very 

important to improve herd productivity by reduce the newborn mortality and 

morbidity (Quigley and Drewry, 1998; Donovan et al. 1998). 

Few researchers have studied the effect of using FAs in ruminant diets 

during pregnancy on immune system response of newborns. Enke et al. (2008) 

studied the fetal programming and reported the supplementation of PUFAs in 

ruminant diets in late pregnancy period, led to improved immune system 

development in early life of newborns. Petit and Berthiaume (2006indicated that 

newborns from cows that supplemented fat during pregnancy period had low 

mortality rate in the early life of newborn and at the weaning, while at birth the 

birth weight not different and average daily gain (ADG) during preweaning period 

were not different. Encinias et al. (2004) reported the added of safflower seed to 

pregnant ewes ration decreased the mortality rate and increased number of lambs 

were weaned. 

The ruminants very sensitive to show the effect of feeding LCFAs during 

pregnancy period on newborn behaviour, because the diets of ruminants normally 

very low in DHA (Givens et al. 2001). Besides the low amount of PUFAs reach 

small intestine by hydrogenation process that occurs in rumen(Chikunya et al. 

2004; Sinclair et al. 2005), whereas tissue elongation and de-saturation of linolenic 

acid (18:3), the precursors for 22:6, were shown to be limited in sheep (Cooper et 

al. 2004). Increased tissue incorporation of n-3 PUFA reduces oxidative stability in 

sheep (Demirel et al. 2004), and strategies to increase tissue n-3 PUFA levels may 

benefit from a concomitant increase in the supply of antioxidants such as vitamin 

E. 

In last years increase concern in the link between the animal fat intake and 

the incidence of coronary heart disease (CHD) and cancer. Epidemiologists 

identified strong relationships between the proportion of the dietary energy which 
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was consumed as saturated fatty acids (SFA) and the incidence of CHD (Hu et al. 

2001) and colon, prostate, and breast cancer (Wynder et al. 1997). The Department 

of Health in United Kingdom recommended for a reduction of SFA in the diet, 

because CHD is related to the influence of SFA on the development of high levels 

of cholesterol in the circulating serum lipoproteins, with PUFAs seemingly 

modulating these rises in risk factor (Department of Health, 2003). This was 

relatively easy to respond to in non-ruminants where the FA composition of 

adipose and intramuscular lipids closely reflects those of the dietary components. 

However, microbial biohydrogenation dictates that ruminant products (e.g., milk 

and red meats) have much higher SFA. 

The increasing awareness of the need for diets to contain higher levels of 

n-3 PUFA has focused on the importance of meat and milk as a natural supplier of 

these to the diet. Many researchers reported the addition of marine products such as 

marine oil high level of PUSFAs (DHA and EPA) to dairy ewes diets, led to 

transfer these PUFAs to milk and increase milk composition of DHA and 

EPA(Mozzon et al. 2002; Kitessa et al. 2003; Ferreira et al. 2011).  

Fortunately, we can manipulation of animal products lipid composition by 

incorporation of n-3 PUFA sources in animal diets, and then PUFAs will transfer to 

the lipid fraction of animal tissues and animal products such as meat and milk 

(Boyazoglu andMorand-Fehr 2001; Kolanowski et al. 2001). The concentration of 

PUFAs in milk depends on the amount of PUFA in feed and escapes the rumen 

biohydrogenation and absorb in small intestine, because the PUFAs cannot be 

synthesized in rumen (Chilliard et al. 2000). Marine products the most source of 

the n-3 PUFAs in animal diets such as DHA and EPA. With poor dietary supply of 

PUFAs (DHA and EPA) and thus low amount availability for absorption in 

intestine by biohydrogenation in rumen of DHA and EPA (Wachira et al. 2000; 

Chikunya et al. 2004). 

In the last years with increasing attention to the global warming by 

reducing emissions of greenhouse gases. Methane (CH4) is a potent greenhouse 
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gas that is produced by bacteria in the rumen, every 1 kg DMI by ruminant produce 

about 20 g CH4 (Hristov et al. 2013). The fat supplementation is a new strategy to 

reduce the CH4 emission by decrease the methanogenesis, this suppress may be 

related to the degree of unsaturation of these FA as they undergo biohydrogenation 

in the rumen (Fievez et al. 2003). In in vitro studies reported a using of FO has a 

positive effect on reducing CH4 emission (Fievez et al. 2003; Woodward et al. 

2006; Patra and Yu, 2013). 

Limited data are available on feeding of Awassi ewes diets containing FO.  

Therefore, the objectives of the study were to evaluate the effects of feeding FO 

on: 
 

· Maternal performance, 

· Embryo survival, 

· Morbidity and mortality of the newborn, 

· Colostrum and milk production, 

· Milk FA profile, 

· Newborn performance in preweaning period, 

· Lamb performance in fattening period, 

 

In Awassi ewes during pregnancy and the effects on offspring. 
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2. LITERATURE REVIEW 
 

2.1. Fatty Acids 
Fatty acid is a carboxylic acid with a long aliphatic chain, with two form  

saturated fatty acid (SFA) or unsaturated fatty acid (USFA) (Table 2.1. and 2.2.), 

derived from triglycerides or phospholipids. The FA are most important source of 

energy, because they produce large amount of ATP when metabolized, the cell can 

use the FAs for energy production (IUPAC, 1997). 

 

Table 2.1. Major unsaturated fatty acids 
Common name C: D1 n−x2 
Myristoleic acid  14:1 n−5 
Palmitoleic acid 16:1 n−7 
Sapienic acid  16:1 n−10 
Oleic acid  18:1 n−9  

Elaidic acid  18:1 n−9  

Vaccenic acid 18:1 n−7 
Linoleic acid  18:2 n−6  

Linoelaidic acid 18:2 n−6  

α-Linolenic acid 18:3 n−3  

Arachidonic acid 20:4 n−6  

Eicosapentaenoic acid 20:5 n−3  

Erucic acid  22:1 n−9  

Docosahexaenoic acid 22:6 n−3  

1C is the number of carbon atoms in the fatty acid and D is the number of double 
bonds in the fatty acid. 
2Family of ω-x fatty acid. 
 

 

  



2. LITERATURE REVIEW         Mustafa mohammad MONAZEL ALSHDAIFAT 

12 

Table 2.2. Major Saturated Fatty Acids 
Common name C: D 
Caprylic acid  8:0 
Capric acid  10:0 
Lauric acid 12:0 
Myristic acid  14:0 
Palmitic acid  16:0 
Stearic acid 18:0 
Arachidic acid 20:0 
Behenic acid  22:0 
Lignoceric acid 24:0 
Cerotic acid  26:0 
C is the number of carbon atoms in the fatty acid and D is the number of double bonds in 
the fatty acid 

 

Generally FAs derive from animal and/or vegetable fats and oils. Lipids that 

come from animal products have a high concentration of SFAs and the lipids come 

from vegetable products have a high concentration of USFAs. However, this not 

standard for all lipids, some of lipids are not following this standard. Specific FAs 

are very important for animal health, reproduction and production aspects and for 

animal survival (Burr and Burr, 1929, 1930). The main FAs terms include: 

  

· Essential fatty acid: An essential FAs is PUFAs and that is not 

synthesized in adequate amount in the body and it is therefore a dietary 

requirement.  

· Free fatty acids: it is Byproducts of the metabolism of fat in adipose 

tissues.  

· Omega-3 fatty acids: Omega-3 FAs are a group of fatty acids found in 

marine sources such as FO, which lower cholesterol levels. 

· Trans fatty acid: Trans fatty acids (Trans fats) are made during 

hydrogenation. They increase the shelf-life of oils and are found in 

some vegetable and in some margarines, crackers, cookies, and snack 

foods (La´ıset al. 2014).  
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2.1.1. Nomenclature and Classification of Fat 
The amount of carbon double bond and the number of carbon atoms in FA 

chemical structure, define the physical and chemical properties of dietary lipids. 

The chain of hydrocarbons (short 2-4 carbon atoms, medium 6-10 carbon atoms or 

long 12-26 carbon atoms) and a carboxylic acid is the main structural elements of 

FAs. The short chains FAs have a low melting point and length of chain is directly 

proportional to melting point. The chemical structure of FA not have carbon-

carbon double bonds is classified as saturated fatty acids (SFA), one carbon-carbon 

double bond is classified as MUFA or more than one carbon-carbon double bond 

this classified as PUFA. The double bond decreases melting point and is more 

reactive than a single bond in chemical reactions.  

The alpha carbon is the carbon atom closest to the carboxylic group and 

the omega or n end carbon is the methyl end. To describe FAs used the number of 

carbons to the first carbon-carbon double bond, such as omega-3 (or n-3) FAs are 

classified as such since the first double bond occurs three carbons away from the 

omega carbon. 

The essential nutrient cannot be synthesized in the body or synthesize but 

not in sufficient amount and must it be supplied by the diet to meet cellular 

demands. The alpha-linolenic acid (ALA;18:3n-3) and linoleic acid (LA;18:2n-6) 

considered as a essential fatty acids, these two essential fatty acids used to capillary 

wall integrity, maintain cell membrane structure, prostaglandin production and 

lubrications of the skin. The alpha-linolenic acid (ALA; 18:3n-3) and linoleic acid 

(LA; 18:2n-6) must be obtained from the diet because lack the enzymes to 

introduce double bonds at the omega-3 and/or omega-6 position of a long fatty acid 

molecule (Umhau and Dauphinals, 2007). The increased of circulating omega-3 

fatty acids concentrations in blood  result in a healthier mix of metabolites as fatty 

acids enzymes are redirected towards omega-3 pathways (King, et al. 2008).  
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2.1.2. Omega 3 and Omega 6 
Omega-6 and omega-3 fatty acids ratio in diets play important roles in 

animal production and reproduction processes, and have a positive effects on 

human and animal health (Abayasekara and Wathes 1999). The omega-3 FAs 

include EPA and DHA and the omega-6 fatty include arachidonic acid (AA). The 

first double bond in omega-6 FAs occurs between sixth and seventh carbons from 

the methyl end, but the first double bond in omega-3 FAs occurs between third and 

fourth carbons from the methyl end of the fatty acid chain. Because of a lack of the 

appropriate FA desaturase enzymes these FAs (EPA, DHA and AA) cannot 

synthesize in body. Therefore must be included in the diets as these PUFAs are 

essential for numerous processes including growth, reproduction, vision, and brain 

development (Gurr et al. 2002). 

The PGF2α and PGF3α Prostaglandins, have important roles in animal 

reproduction such as parturition, embryo survival, ovulation and oestrus (Gulliver 

et al. 2012). The PGF2α are more inflammatory than PGF3α (Lands 1992). The 

omega-3 PUFAs and omega-6 PUFAs EPA and AA are the precursors for these 

prostaglandins (PG). The ratio of omega-6 to omega-3 in ruminant diets is 

particularly important in determining the relative availability of the precursors for 

PG formation. The omega-3 PUFAs and omega-6 PUFAs metabolism to PGs, the 

remove of two double bonds from EPA leads to the formation of PGF3α and the 

remove of two double bonds from AA leaves two double bonds and leads to the 

formation of PGF2α Therefore, diets high in omega-6 are associated with increased 

PGF2α synthesis. 

Clayton et al. (2010) and Gulliver et al. (2012) reported when pasture 

supply is limited that high in omega-3 FAs, sheep must supplemented by grain that 

are low in omega-3 and high in omega-6 FAs, to improve the reproduction. To 

increase of profitability of the sheep production system must be improve the weight 

of lambs weaned per ewe by minimizing lambs mortality and maximizing lambs 

growth rate, especially before weaning period when lamb growth rate is positively 
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correlated with ewe milk yield and composition (Merrell, 1998). The PUFA such 

as AA or DHA are essential for the development of neural tissue within the 

neonatal and sucking animal and may influence neonatal viability (Koletzko, 

1992). The feeding lamb diets high in EPA and DHA increase the concentrations of 

these FAs within muscle phosphatidylglycerols and triacylglycerols (Cooper et al. 

2004). Improved neonatal lamb vigour from ewes that supplemented PUFAs 

during gestation period, this effect may be through increased gestation length or 

enhanced neural tissue development within the fetus (Pickard et al. 2005; Capper et 

al. 2006). The dairy ewes during lactation supplemented with PO calcium soap of 

fatty acid decreased in body condition score (BCS) during the first week of 

lactation period compare with dairy ewes not supplemented palm oil calcium soap 

of fatty acid and after weaning they recovered body condition score, but the dairy 

ewes not supplemented palm oil calcium soap of fatty acid (CSFA) lost more 

weight (Casals et al. 1999). The body condition score (BCS) and live weigh 

increased in ewes supplemented with CSFA than control group without fat in diet 

(Hegazy et al. 1999). Casals et al. (1999) reported the fed CSFA of PO to dairy 

ewes during lactation period increased the weaning weight (WW) of lambs born 

from this ewes and more efficient conversion of milk into lamb gain at four week 

of age (Casals et al. 1999). In another study Hegazy et al. (1999) noted that ewes 

fed hydrogenated vegetable palm oil CSFA at 3% of dry matter (DM) during 

gestation period and early lactation increased birth weight, WW and growth rate of 

these ewes lamb compare with lamb from ewes fed control diet (Hegazy et al. 

1999). 
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2.1.3. Sources 
The major FAs sources from animal and vegetable fat used in ruminant 

diets in Table2.3. For example protected fats, calcium salts of fatty acid (CSFA), 

marine oils, rendered fats, oilseeds and purified vegetable oils. 

 

Table 2.3. The main sources of fatty acids in ruminants nutrition 

PO :palm oil, CCO :coconut oil, SFO : safflower oil, CAO :canola oil, LSO :linseed oil, CS 
: cottonseed, CO :corn oil, SB :soybean, SF :sunflower. 
1Onetti et al. 2002. 2Avila et al. 2000. 3Ballou et al. 2009. 4Huuskonen et al. 2005. 5Theurer 
et al. 2009. 

 

Fat is a source of energy in pre-weaned ruminants, and in milk replacers 

for new born calf fat and oil are used. Commonly animal fat and vegetable oils are 

used. Glycerolipids is the most popular structure of lipid in fats and oils, essentially 

triglycerides (TG). The FA found in TG is SFA, MUFA, or PUFA (FAO, 2010). In 

ruminants nutrition mostly used omega-3 and omega-6 USFAs (Eastridge, 2002; 

 Total 
FA1 

Myristi
c acid 

Palmiti
c acid 

Steari
c acid 

Vacceni
c acid 

Linolei
c acid 

α-
Linoleni
c acid 

AA EP
A 

Vegetable oils2 
PO 88.3 1.11 43.7 4.42 39.1 10.1 0.32 - - 
CCO 85.1 18.4 8.6 2.71 6.01 1.52 0.12 - - 
SFO 88.7 - 6.11 2.33 13.3 76.0 0.34 0.5

2 
0.54 

CAO 89.0 0.12 5.12 1.72 60.2 21.4 9.94 - - 
LSO 89.1 0.11 5.52 3.72 19.4 16.3 53.3 - - 
CS 89.2 0.81 24.24 2.34 17.5 53.4 0.22 - - 
CO 89.3 - 12.35 1.97 27.6 56.3 1.01 - - 
SB 88.8 0.13 10.82 3.92 23.8 52.2 7.85 - - 
SF 88.7 0.12 6.44 4.54 22.3 65.8 0.53 - - 
Animal fats and blends  
Tallow1 88.6 3.02 25.2 19.6 42.2 3.02 0.32 - - 
Yellow 
grease2 

88.5 1.04 21.4 6.12 41.4 21.4 1.44 - - 

Fish oil3 90.4 8.32 16.8 3.22 10.2 1.52 2.15 0.9
1 

13.2 

Lard4 - 1.74 30.3 22.7 26.4 12.1 1.22 - - 
Commercial fats  
Megalac
5 

82.3 3.14 47.5 4.64 34.4 5.54 0.21 - - 

Megalac 82.4 1.95 32.3 5.04 23.3 30.4 3.15 - - 

Energy 
booster 

98.1 2.92 29.4 55.34 6.31 0.36 - - - 
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FAO, 2010). The most important sources of LA are sunflowers, safflowers, corn, 

soybeans and cotton, and the most important sources of ALA are linseed oil and 

canola. The main source of EPA and DHA in ruminant diets is marine products 

such as fish oil and fish meal. 

 

2.1.4. Metabolism 
The dietary fats and oil exposed to special process in the rumen before its 

absorption in the small intestine and then used in the animal body. After fat digest 

the products are transported from rumen to small intestine then absorbed to blood 

through wall gut (Gurr et al. 2002). There are differences being between the 

ruminants and non-ruminants or new born ruminants in the lipids structure that 

entering the small intestine, this due to in non-ruminants or new born ruminants 

have one stomach or non-development stomach and the lipids do not exposed to 

high digestion process as in ruminants, but in ruminant they have fore-stomach so 

high lipid metabolism occur before lipids absorption (Bauchart, 1993). 

The first step in the formation of free fatty acid (FFA) it is occur by lipase 

enzyme then involves to an extensive hydrolization, and the second step is 

hydrogenation in the rumen by rumen microbes, the final products of this process is 

stearic acid. The formation of isomers of PUFA or CLA and cis and trans isomers 

of monoenoic free fatty acid, this result from incomplete hydrogenation (Hocquette 

and Bauchart, 1999). However, the FFA is not like FAs in the diet as a final 

product of microbial hydrolysis and biohydrogenation. The LCFFA, dietary TG 

that escape microbial hydrolysis, phospholipids from bile and microbial 

phospholipids arrive to small intestine (Hocquette and Bauchart, 1999; Drackley 

and Andersen, 2006). 

The adding high amount of fat and oil in ruminant diets has detrimental 

effects on microbial activity and inhibits the fiber digestion in rumen and decrease 

animal productivity (Eastridge, 2002). Many ways have been developed to 

decrease the detrimental effects on microbial activity and escape lipid 
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hydrogenation such as lipid encapsulation and saponification of LCFA (Hocquette 

and Bauchart, 1999). 

In the ruminants the major lipids metabolism occurs in the rumen and 

responsible for identifying the profile of FAs available for absorption and tissue 

utilization.  Hydrolysis of ester linkages in lipids and the biohydrogenation of 

USFAs this two major process occur in the rumen in lipid metabolism. The lipid 

hydrolysis occur by salivary or plant lipases and in the rumen by rumen bacteria, 

protozoa and fungi. With high extent of hydrolysis (>85%), there are some factors 

affect the extent and rate of hydrolysis in rumen. When factors such as low rumen 

pH and ionophores inhibit the growth and activity of bacteria or when increase the 

dietary fat level, the extent of hydrolysis is reduced (Doreau et al. 1997 and 

Harfoot and Hazlewood, 1997).            

The USFAs have a toxic affect to rumen bacteria, the biohydrogenation is 

the second major transformation that dietary lipids can undergo in the rumen, it 

need FFA to proceed, and then the rates are very low of hydrolysis, all factors that 

affect hydrolysis also impact biohydrogenation. The majority of biohydrogenation 

occurs in association with the fine food particles, and then associated with the feed 

or free in suspension (Harfoot and Hazlewood, 1997).    

With increased USFAs in the diet, increased the rates of rumen 

biohydrogenation of FAs. The hydrogenation of diets linoleic acid is 70-95% and 

for diets linolenic acid is 85-100%, thus the major FA enters the duodenum and the 

extensive metabolism of unsaturated FA in the rumen is a stearic acid. 

Mainly the FAs absorption occurs in the small intestine in jejunum region. 

Before digesta reaching the jejunum, in the duodenum two secretions bile and 

pancreatic juice are added to the digesta. The efficiency of FA absorption depends 

on lipid material absorbed into the feed particles to be solubilized into the aqueous 

environment; the key of this process is micelle formation (Davis, 1990). Pancreatic 

juice provides the enzyme to convert lecithin to lysolecithin and the bicarbonate to 

raise the pH, and bile supplies bile salts and lecithin. The bile salts with 
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lysolecithin desorbed the FAs from feed particles and bacteria allowing the 

formation of the micelle. The FAs and lysolecithin absorbed, when the micelles are 

formed and they simplify transfer of water-insoluble lipids across the unstirred 

water layer of intestinal epithelial cells of the jejunum. Then the FAs transport in 

lymph to the blood by re-esterifies into triglycerides and then packaged into 

chylomicrons. No modification or absorption occur in the abomasum and omasum 

for long and medium chain fatty acids, in the small intestine the lipid absorption is 

the same to that leaving the rumen (Moore and Christie, 1984). The lipids available 

to absorption in small intestine consists about 80-90% free fatty acids and the other 

20-30% are microbial phospholipids and some amounts of glycolipids and 

triglycerides from residual feed material, which are hydrolyzed by intestinal and 

pancreatic lipases (Doreau and Ferlay, 1994). The total FAs that leave the rumen 

very similar to dietary FAs, this occur with wide range of diets, despite of the 

changes occur in the rumen. Some time the total amount of FAs that leave the 

rumen can exceed FA intake and this most often occurs when lipid intake is low, 

such as with high forage-based diets, this resulted from bacterial lipid synthesis. 

However, the effect of bacterial or microbial lipid is variable with associative 

effects of different diets (Noble, 1981).         

 

2.2. Nutrition During Gestation and Fetal Programming 
The fetal development and then productivity and lifelong health of 

offspring depend on maternal nutrition during gestation (Belkacemi et al. 2010). In 

pregnancy period the maternal diet must cover the nutrients requirement for 

maintenance and for fetal requirement to grow and development. The protein and 

energy the major nutrients must be covered during this stage to provide the 

nutrients requirement for maternal maintenance of physiology needs, mammary 

gland growth, colostrums and milk yield, embryonic and fetal growth(Amanlou et 

al. 2010). The shortage in maternal nutrition leads to increase in morbidity and 

mortality of the newborn and low birth weight. 
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The maternal nutrition state associated with growth and development of 

major fetal organ systems and then offspring growth and performance (Wallace et 

al. 1999; Godfrey and Barker, 2000; Wu et al. 2006; Caton et al. 2009, Caton and 

Hess, 2010). There is a substantial increase in nutrient requirements for the late 

pregnancy ewe compared with maintenance (Table 2.4). 

The maternal nutrient restriction in ewes and human during early gestation 

period lead to increase in the length and thinness of the neonate with normal birth 

weight (Barker et al. 1993; Godfrey et al. 1996; Whorwood et al. 2001). After birth 

the number of muscle fibers not increased, just during fetal period the skeletal 

muscle developed (Greenwood et al. 2000; Nissen et al. 2003). Greenwood et al. 

(2004) reported the steers from cows nutrition restricted  during gestation period 

lower in live and carcass weight than steers from adequately nutrition at 30 month 

of age (Greenwood et al. 2004). No effect of protein supplementation during late 

gestation period on birth weight, but the heifers from cows supplemented protein in 

the late gestation period increased in pregnancy rate (Martin et al. 2007). 
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Table 2.4. Recommended nutrient intakes and dietary nutrient content for  
a mature 70-kg ewe at various physiological states1 

Physiological State Energy 
concentration 
Kcal/kg 

Dry 
matter2 
kg/d 

ME3 
Mcal/d 

MP4 
g/d 

 
Maintenance 1.91 1.68 2.25 60 
Gestation, Early (Single 
lamb; BW = 3.9 to 7.5 kg) 

1.91 2.09 2.80 81 

Gestation, Late(Single 
lamb; BW =3.9 to 7.5 kg) 

1.91 2.58 3.45 105 

1Adapted from NRC, Nutrient Requirements of Sheep, 2007. 
2The daily dry matter intake, expressed as kg, of a diet having the indicated energy 
Concentration (previous column) that is required to meet energy requirements. 
3Energy requirements expressed as metabolizable energy (ME) as kcal/d. 
4Protein requirement expressed as metabolizable protein (MP). 

 

Many studies concentrate on the effects of maternal nutrition in the late 

stage of gestation and early neonatal period because higher demand for maternal 

and fetal nutrients to grow in these stages, and increase the fetal nutrient 

requirements in late pregnancy stage than early stage (Gunn et al. 1995; Rhind et 

al. 1998). The maternal nutrition can effect on the fetal reproductive system on all 

stages of development and on all physiological systems. This effect may be able to 

differentiate between hypothalamus or pituitary gland and other reproductive 

organs (Hyttel et al. 2000). The effect of nutrition during pregnancy and neonatal 

development can extend to adult offspring and effect on the adult offspring 

reproductive performance, and may be able to extend to subsequent generations on 

endocrine status, fertility and fetal growth (Lumey, 1992). These effects of 

nutrition may be not appear directly on the first stage of offspring life but may be 

manifested at a later stage of development and/or in adult life. When maternal diet 

give under requirement during the first gestation period, from mating on day 50 of 

gestation, the delay in ovarian follicular development was observed at Day 110 

(Rae et al. 2001). The ovarian structures in this stage are not present or affected. 

Rae et al. (2002) reported the prolonged periods of malnutrition reduced ovulation 

rates in the offspring (Rae et al. 2002). The under-nutrition before conception leads 
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to altered endocrine profiles, specifically the pattern of ovine fetal plasma insulin-

like growth factor (IGF-1) and plasma insulin-like growth factor binding protein 

(IGFBP-3) concentrations during late pregnancy and fetal development, and effect 

on reproductive organ development (Gallaher et al. 1998).  

 

2.2.1. Effect of Maternal Nutrition on Hormonal Status 
During fetal development and in early life the nutrition and hormonal state 

have a major role in control of energy metabolism in offspring life (Silveira et al. 

2007; McMillen et al.2008). The epigenetic mechanisms are the link between early 

life events and health later in life, with epigenetic marker being considered as long-

lasting environmental sign (Gabory et al. 2011; Jammes et al. 2011). Gonads and 

many organs affected by this process, fertility of offspring and the quality and 

epigenetic markings on his gametes (Sharpe and Franks, 2002; Dunn and Bale, 

2011). The pool of oocytes is complete and definitive before birth in females of 

ruminants, based on the resting reserve of primordial follicles established during 

fetal life, which represent the lifespan supply for the female’s fertilizable oocytes 

(Rhind et al. 2001; Magre, and Vigier, 2001). Then folliculogenesis and the 

accompanying steroid genesis take place during fetal life in humans and sheep, 

maternal nutrition can affect the synthesis of endogenous maternal hormones, 

which are essential during fetal development (Sharpe and Franks, 2002). The under 

nutrition of maternal increased the risk of early onset CVD, hypertension, 

increased body mass index (BMI), and glucose intolerance in the offspring 

(Lumey, 1998). 
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2.2.2. The Critical Periods of Fetus Development 
From nutritional point the pregnancy in ewes can be divided into three 

periods. In the first trimester, specific growth rate and the fetal metabolic activity 

are high, but the energy requirement for the developing embryo is relatively small 

(Robinson et al. 1999). The second trimester, placental development period, at this 

period the fetal size and growth being relatively small. The last trimester, in this 

period the fetal growth very high and increasing in the nutritional demands 

(Kenyon and Webby, 2007). Regardless of in the first trimester the fetal nutrient 

requirements are very small and infinitesimal, the development of the fetal 

reproductive system affected by maternal nutrition at all stages of development, 

involving many different physiological systems (Figure 1). In ewes the fetal 

development stage divided to: fetal ovarian differentiation (0–30 days of gestation), 

ovarian growth (31–50 days of gestation), ovarian growth and germ cell meiosis 

(31–65 of days gestation), and folliculogenesis (65–110 of days gestation). The 

over nutrition of ewes during pregnancy increase the multiple births of offspring of 

these ewes (Gunn et al. 1995). Da Silva et al. (1998) reported the placentally 

nutritional restriction may be decrease the development of the fetal hypothalamic–

pituitary–gonadal axis and delay the onset of puberty and this effect can be 

expressed at least as late as the onset of puberty.  

 

 

 



2. LITERATURE REVIEW         Mustafa mohammad MONAZEL ALSHDAIFAT 

24 

 
Figure 2.1. The developmental events during pregnancy in ewes 

 

During late pregnancy and early lactation are the critical periods of fetal 

development and the maximum demand for nutrients. The 75% of the growth of 

ewes fetuses occur during the last gestation period and in the early stage of 

pregnancy and fetal development the under nutrition is not very important in 

maintenance requirement and the demand for nutrient to fetus growth and 

maintenance in the early period of pregnancy are very low, the maternal demand of 

nutrients in the first period of pregnancy for body growth are very low and the 

fetus take it without the requirement for a placental delivery system. Borwick et al. 

(1997) reported that under nutrition of pregnant ewes during the first pregnancy 
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period between 47 days and 65 days decreased in fetal ovarian structural 

development (Borwick et al. 1997), and changes in associated patterns of testicular 

steroid genesis (Rae et al. 2000). 

The critical stage of development is the alteration of subsequent function 

on gonad formation, process of tissue differentiation and process of tissue 

differentiation by the effect of nutrition. The transient period of steroid synthesis in 

ewes occurs in the fetal ovary between approximately day 35 and day 55 of 

pregnancy (Mauleon. 1973). The precise function of this transient phenomenon is 

unknown but it broadly synchronizes with the onset of meiosis in the germ cells 

(Mauleon and Mariana, 1977). Another critical window in the female fetus 

development occurs at the end of folliculogenesis beyond which time the number 

of ovarian follicles cannot be modified (Mauleon, 1973). The critical windows in 

male fetuses in 35 day and 70 day when seminiferous cords are present and in these 

days the network of blood vessels (rete testis) is organized in the centre of the testis 

and stains intensively for androgen receptor (Sweeney et al. 1997). During the fetal 

life and after birth by about6–8 weeks the sertoli cell replication continues and may 

be susceptible to the effects of environmental or nutrition factors throughout this 

period (Sharpe, 1994).              

In the male and female fetuses the nutrition affect in the development of 

the hypothalamic–pituitary axis and the associated synthesis of gonadotrophins. 

Between 35 day and 85 day of gestation GnRH neuronal systems develop in sheep 

fetuses (Caldani et al. 1995).   

The under nutrition of fetal can adversely affect on the maturation of 

neurocircuitry and axonal growth (Sima and Sourander, 1978; Sharma et al. 1987; 

Morgane et al. 1993). The effects of fetal programming on reproductive 

performance may be extending to the next generation (Cavalli and Paro, 1998). 

Rae et al. (2000) reported the restriction of diet from the time of mating or 

from the time of ovarian development reduced the ovarian mass at day 50 of 

gestation. The nutritionally restricted ewes fed 50% of live weight maintenance 
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requirements give more oocytes compare with fetuses from adequately fed ewes 

fed 150% of live weight maintenance requirements (Borwick et al. 1997). The 

restriction in diet leads to decrease in phagocytosis of oocytes. 

The maternal under nutrition before conception to late pregnancy can 

reduce the lamb birth weight (Mellor, 1983), and the under nutrition in the late 

gestation may reduce the lamb growth rate to weaning (Harding, 2001), while 

under nutrition in early gestation is less likely to affect weaning weight (Robinson 

et al. 1999). Thus, the under nutrition in early gestation not affect on birth weight, 

but in later stage of gestation can reduce the birth weight and then increase the risk 

of lamb death and newborn survival (Symonds et al. 2007) 

Rhind et al. (2001) reviewed the effects of maternal nutrition on the 

reproductive development and performance of offspring, in different stages of male 

and female fetus development there are critical windows of development occur 

with gonad development, germ cell migration, folliculogenesis, sertoli cell 

replication, and steroidogenesis. Therefore, the maternal nutrition during gestation 

period can affect the fetal reproductive system at differing stages of development; 

effects on the fetus are exerted at one particular stage of development, in some 

cases these effects are not expressed until a later stage (Rhind, 2004). Under 

nutrition of maternal lead to decrease the ovulation rates in offspring (Rae et al. 

2002). The ewes born from dam afford low nutrition during gestation period in mid 

to late pregnancy and lactation gave birth to less multiple born lambs, and 

decreases the embryo loss (Gunn et al. 1995). 
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2.3. Effect of Fatty Acid Supplementation on Reproduction and Pregnancy 
2.3.1. Fatty Acid and Reproduction 

The fats from animal or plant sources have been used to improve 

reproductive function in ruminant animals. The linseed, rapeseed, soybean and 

sunflower (plant sources), have a major affects on reproductive functions. The 

animal fats such as tallow and the CSSFAs have a major impact on production and 

composition of milk and meat. However, degree of the effect varies regarding to 

composition of specific FAs. 

Many researches were aimed to evaluating the effect of supplementation 

fat on reproductive performance and function, such as, the embryo development 

(Cerri et al. 2009), hormones synthesis and secretion that have extensive effects on 

reproduction aspects in ruminants(Staples et al. 1998), establishment of puberty 

(Smith et al. 1989), the gestation period (Abayasekara and Wathes, 1999, Filley et 

al. 2000, Lopes et al. 2009), restart of ovarian activity after parturition (de Fries et 

al. 1998), the offspring semen produce(Castellano et al. 2010), and follicle growth 

and evolution, the oocytes size and quality(Staples and Thatcher, 2005; Bilby et al. 

2006a).Also, there are researches about effects of fat supplementation on 

production aspects such as milk and meat quality (Wood et al. 2003; Rego et al. 

2004; Bernal et al. 2010). The effect of fat in reproduction is not from total lipid 

intake but by the type of lipid consumed, because in ruminants in rumen 

hydrogenate the PUFAs and thus limiting the amount of PUFAs that are absorbed 

from the small intestine (Thatcher and Staples, 2007, Santos et al. 2008, Doreau et 

al. 2011). However, some PUFAs such as DHA and EPA may escape rumen 

biohydrogenation and then reach to small intestine, in this process allow to the 

specific PUFAs effect to the endocrine system or by reach directly to the aim tissue 

of the reproductive system of the fetus (Staples and Thatcher, 2005). The PUFAs 

of the n-3 family such as EPA and DHA suffer insignificant biohydrogenation in 

the rumen and pass intact the rumen (Thatcher and Staples, 2007). These FAs play 

an important role in animal performance which is can be not essential because they 



2. LITERATURE REVIEW         Mustafa mohammad MONAZEL ALSHDAIFAT 

28 

synthesized from linolenic acid, usually found in marine products such as meal and 

oil (Thatcher and Staples, 2007). Calcium salts of long chain fatty acids is another 

source of PUFAs can resistant biohydrogenation in the rumen and thus increase the 

amount of PUFAs which can be reached small intestine by limit biohydrogenation 

in rumen (Mattos et al. 2000). PUFAs can help in reproductive tissues growth and 

development such as intracellular signaling, susceptibility to oxidative damage and 

fluidity of cell membrane (Wathes et al. 2007). The degree of unsaturation, 

position of the double bonds in the chain of FAs and changes in chain length play 

large role in ruminant reproduction and may have a major impact on reproductive 

processes (Mattos et al. 2000). 

The success of pregnancy and ovulation depend on size and number of 

follicles and the effects PUFAs of omega-3 family on follicle growth till now is 

undefined (Ambrose et al. 2006). The feeding dairy cow’s diet with high in n-3 

increased the diameter of the follicle and CL compare with feeding diet high in n-6, 

and the follicle size was reduced when cows were fed diets high in n-6 (Homa and 

Brown, 1992; Petit et al. 2002; Ambrose et al. 2006). In contrast, some results from 

other researches indicate that the follicle numbers and diameters, or CL volume not 

affected by n-3 compared with n-6 (Burke et al. 1996; Petit et al. 2004; Bilby et al. 

2006a; Heravi Moussavi et al. 2008).        

We not have many researches on the effect of feeding fat to sheep and 

goat. The supplementation of CSFA in ewes during out of the breeding season lead 

to increased the number and size of ovarian pre-ovulatory follicles, increased 

conception rate, increased levels of lipid profiles, glucose, and progesterone 

hormone, so maintain reproductive performance (Hayat et al. 2012). The 

postpartum supplementation fat to Awassi ewes lead to earlier return to oestrus and 

thus possibility of lambing every six months (Oqla et al. 2004). The 

supplementation of calcium soaps of fatty acids (CSFA) to ewes increased the 

circulating progesterone concentration and increases the number and size of 

ovarian follicles in oestrous cycle (Liel et al. 2010). Another reported, increased 



2. LITERATURE REVIEW         Mustafa mohammad MONAZEL ALSHDAIFAT 

29 

plasma concentrations of progesterone, high-density lipoprotein cholesterol, low-

density lipoprotein cholesterol, cholesterol and triglycerides (Ghoreishi et al. 2007; 

Ghattas and Nasra, 2010). In goat, the added of fat in diets improved pregnancy 

rate and increase the number and size of corpora lutea, increase the number of 

ovarian follicles and stimulation of postpartum ovarian activity (Abd El-Rahman et 

al. 2008). 

 

2.3.2. Effect of Fat Supplementation in Ruminant Diets on Pregnancy Rate 
The addition of fats in ruminant diets usually increased the energy content 

of diet and thus improves the reproductive and lactation aspects (Funston, 

2004).But in early lactation, supplementation lipid lead to decrease in feed intake 

due to decreased the digestibility and increase the energy, so in this period with 

higher energy density ration consumed normally negative energy may be occur 

(Santos et al. 2008). 

The addition of fat to ruminant diets not just for improve the energy status, 

the reproductive system affected from the type of FAs in the diet not from the 

improve the energy of the diet (Staples et al. 1998, Williams and Amstalden, 

2010). In dairy cow, the supplementation fat improves the reproductive process 

(Staples et al. 1998). In beef cattle increased pregnancy rate when Brahman cows 

consumed 5.2% fat in the diet than other group which consumed 3.7% fat in the 

diet (de Fries et al. 1998). In another study, Ferguson et al. (1990) reported the 

cows during lactation period which consumes about 500 g of fats every day 

increase the pregnancy possibility. Bader et al. (2000) observed a pregnancy rate of 

grazing cows supplemented with fat at first service was 16% higher than in cows 

which did not receive fat. The supplementation CSFAs of PO or with linoleic and 

trans-octadecenoic acids before and after parturition, increased pregnancy rate than 

those supplemented with PO (Juchem et al. 2010). In dairy ewes Hegazy et al. 

(1999) reported that ewes supplemented 3% CSFA or hydrogenated vegetable PO 
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during flushing period higher than control group in pregnancy rate, and in fertility 

rate the group supplemented CSFA higher than another two groups.  

In agreement with the previous study Staples and Thatcher, (2005), who 

observed that the effect of addition fat in ruminant diets come from FAs in the fat 

source, and the low amounts of USFAs that reach to small intestine to absorption 

by effect of biohydrogenation(Lopes et al. 2009). 

 

2.3.3. Effect of Fatty Acid Supplementation on Hormonal Secretion 
In dairy heifers fed fat supplementation increased circulating 

concentrations of progesterone in blood (Talavera et al. 1985), and in early 

postpartum in cows enhanced lifespan of induced corpus luteum (Williams, 1989; 

Ryan et al. 1995). Harrison et al. (1995) reported an improved energy balance 

which directly influences hypophysis-gonadal activity postpartum when fat is 

added to diet of cows. Other studies suggest that increased fat consumption in cow 

increased the number of follicles of medium and this improvement of follicles 

accompanied with increase the insulin, growth hormone and intra-ovarian insulin-

like growth factor concentration in blood (IGF-1) (Wehrman et al. 1991; Ryan et 

al. 1992; Thomas et al. 1997). The cholesterol is the main precursor for 

progesterone and steroid hormones (Childs et al. 2008c). Thus, the 

supplementation of protected fat increased progesterone in blood in dairy cows 

(Lopes et al. 2009), and lead to improve pregnancy rate in cows (Santos et al. 

2008). In ewes the supplementation diet with PUFA n-3 increased the progesterone 

level in the follicular fluid than ewe’s supplementation diet with PUFA n-6 

(Wonnacott et al. 2010).  

Oestradiol is a hormone stimulates secretion of PGF2α on uterine and derived 

from cholesterol and may be able to increase sensibility of the corpus luteum 

(Knickerbocker et al. 1986; Howard et al. 1990). The infusion of fat in abomasums 

reduces the oestradiol during oestrus cycle (Stocco et al. 2005).  
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2.3.4. Effect of Fatty Acid Supplementation on Ovarian Activity 
The incorporation of fat in ruminant diets improves reproductive performance 

by increasing follicular growth and ovulation. In study by Lucy et al. (1993) 

reported, an increasing in the number of medium and large size of follicles in the 

first 25 days after birth, and the size of follicle was superior with dairy cows that 

have CSFAs in the diet from PO at  calving. The animal fat, FO and calcium salts 

of saturated fatty acids have a less effects on follicular growth than plant oil, 

resulted from effects of high levels of linoleic acid in the rumen with plant oil. 

When plant oil fed at 4-6% of diet dry matter maximum follicular growth occurred 

(Ryan et al. 1994). Beef cows supplemented PUFAs and dairy cows consumed diet 

with 5% FO, the number of medium size follicles was higher compared with other 

groups (Thomas et al. 1997; Heravi-Moussavi et al. 2007). The increase lipids and 

PUFAs in the ruminant’s diet lead to increased in the size of the dominant follicle, 

the size of the dominant follicle increase approximately 23% (Staples and 

Thatcher, 2005; Bilby et al. 2006d). El-Shahat and Abo-El maaty, (2010) and 

Herrera-Camacho et al. (2008) reported the effect of using Ca-LCFA from PO or 

from corn oil in sheep ration increased the number and size of the pre-ovulatory 

follicles, and improved the rate of ovulation. The supplementation of ewes with 40 

g/day of protected fat, improved the number ovarian follicles larger than 7 mm in 

diameter (Zamiri et al. 2002). Sklan et al. (2002) reported, with contains 4% of FO 

in ewes diet increase the number of follicles than other groups without FO. 

The adding PUFAs to ruminant diets can modulate prostaglandin 

metabolism, prostaglandin synthesized from C20 FAs (Mattos et al. 2000). The two 

series of prostaglandins are derived from arachidonic acid. These prostaglandins 

are the most active two series, and the three series prostaglandins are less active 

and derived from EPA by the action of the same enzymes (Robinson et al. 2002). 

In the re-establishing oestruscycles the prostaglandins play a major role, 

immediately after parturition and thereafter until conception. The process of uterine 

involution after parturition, prostaglandin F2α (PGF2α) play an important role in this 
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process. If the animal is not pregnant and to initiate a new oestruscycle, the uterus 

releases PGF2α during each oestrus to regress each new corpus luteum. To maintain 

pregnancy, release of PGF2α from the uterus is prevented in order to preserve the 

corpus luteum (Funston and Filley, 2002). Linoleic acid inhibits prostaglandin 

synthesis by inhibition of PGF2α synthesis. Regulatory enzymes for this conversion 

include delta 6 desaturase and cyclooxygenase. The EPA and DHA inhibit 

cyclooxygenase activity, thus inhibit prostaglandin synthesis (Mattos et al. 2000).             

The EPA and DHAFAs reduce synthesis of prostaglandins series 2 in 

tissues and cells (Mattos et al. 2003). The ratio n- 6: n-3 and the concentration of 

linolenic acid may inhibit synthesis of PGF2α (Harris et al. 2001). From this results 

are interesting because in cow the most embryonic losses occur during the first 16 

days after artificial insemination (Sreenan et al. 2001), this losses in embryonic 

may be to that some embryos not reach the appropriate size in first 16 days to 

inhibit synthesis of PGF2α for luteolysis to occur (Thatcher et al. 1994), showing 

the inability to inhibit luteolytic action by PGF2α during the critical period of 

maternal recognition of pregnancy (Childs et al. 2008a).Theinhibition of the 

synthesis of PGF2α in this stage increases the rates of embryo survival and 

pregnancy (Binelli et al. 2001). The FO and meal have a high and concentrations of 

EPA and DHA, when adding in ruminant diets reduce the synthesis of PGF2α and 

delay regression of the corpus luteum, improving embryo survival and herd fertility 

(Staples et al. 1998). 

Oldick et al. (1997) reported, the infusion into lactating dairy cows 

abomasum fat source rich in linoleic acid reduced the release of PGFM, indicate 

that high concentrations of PUFAs in the ration decrease endometrial secretion of 

prostaglandins. In ruminants, the fed fish meal or FO high n-3 FAs, reduce the 

secretion of arachidonic acid, and increase secretion of EPA and total n-3 FAs 

(Burns et al. 2003; Bilby et al. 2006ab).   

During the pre-partum period the lipids supplementation with high linoleic 

acid increase secretion of PGF2α from uterine (Cullens, 2005). Childs et al. (2008b) 
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showed that the fed heifers diet with FO rich in n-3 FA or whole soybean rich in n-

6 FA, the heifers fed a diet rich in n-6 FAs was higher metabolite of serum 

concentration of PGFM on day 15 of the oestrus cycle than heifers fed a diet rich in 

n-3 FAs (Mattos et al. 2004). When cows before calving supplemented with 

calcium salts rich in n-6 FAs, reduced metritis and mastitis, and improved 

reproductive efficiency (Cullens, 2005). Therefore, the n-3 FAs reduce synthesis of 

2 prostaglandin by competes with arachidonic acid, but the linoleic acid increase 

the synthesis of series 2 prostaglandin. Caldari-Torres et al. (2006), carried out in 

vitro study and investigated the addition of EPA to the culture media of 

endometrial cells of cows, reported this addition reduce production of endometrial 

PGF2α to 40%, the inhibition may depend on the amount of n-6 FAs that reach the 

secretory tissue (Achard et al. 1997; Caldari-Torres et al. 2006). 

 

2.3.5. Effect of Fatty Acid on Embryo Development 
In ruminants the pregnancy requires the ovulation of a competent oocyte, 

during follicular and luteal phase of oestrus the insemination must in the 

appropriate time and a correct pattern of secretion of progesterone and oestradiol. 

In embryo development period, avoid luteolysis producing enough interferon t 

which stimulates the expression of genes in the endometrium to inhibit the 

synthesis of oxytocin receptors and consequently final production of PGF2α, 

allowing the establishment of a corpus luteum (Bott et al. 2010). In this period in 

dairy cows the embryos loss about 60% and only about 40% of pregnant cows at 

the first30 days of pregnancy period is remain pregnant (Santos et al. 2008). This 

event may be affected by supplementation of PUFAs in the ruminant diets (Wathes 

et al. 2007). The cell proliferation and fluidity can modify by the added FAs to 

ruminant rations (Bilby et al. 2006a).          

The major economic loss in sheep industry high fetal and embryonic 

mortality. This can reach to about 43% from the total ewes, in the first 25 days of 

pregnancy about 28% embryonic loss occur, and during late embryonic and fetal 
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periods accounted for 15% (Dixon et al. 2007). This embryonic loss increased by 

increasing the ovulation rate (Knights et al. 2003; Kleemann and Walker, 2005). 

However, there are many factor can affect on the embryonic loss but this factors 

are not well established, the involvement of luteal inadequacy may the major factor 

effect on the embryonic loss in sheep, resulting from nutrition or heat stress or 

from other environmental factors (Binelli et al. 2001). In ruminants oocyte lipids 

composition, about 58% triglycerides, 20% cholesterol, 20% phospholipids and 

10% free fatty acids (McEvoy et al. 2000). Oleic and Palmitic acids the main fatty 

acids of the membrane of ooocyte. The linoleic acid is the most PUFAs, about 20% 

(Santos et al. 2008). 

The better quality oocytes and better integrity membrane when supplement 

ewes with CSFAs from FO, compare with ewes not have CSFAs in ration (Zeron et 

al. 2002). Thangavelu et al. (2007) reported the embryo development increase in 

cows consumed USFAs compared to the cows which consumed saturated fatty 

acids, the number of transferable embryos and rate of fertilization not different. 

The high qualities of embryos were observed when dairy cow supplemented with 

Ca-LCFA from PO (Cerri et al. 2009). Increased registering number of corpus 

luteum increased super ovulatory response when incorporate PUFAs in ewe diets 

(Herrera-Camacho et al. 2008). Santos et al. (2008), showed in vivo and in vitro 

researches, the supplemented fats in ruminant diets resulted the better embryo 

development and the major benefit of supplemented with FAs for embryo survival. 

In the fetus and early infant neural development, the role of DHA influences 

neonatal viability (Cattaneo et al. 2006; Capper et al. 2007). In the later stages of 

fetal development and infant brain growth, the DHA concentration in brain tissues 

very high (Brenna and Lapillonne, 2009; Hsieh and Brenna, 2009). In pregnancy 

stage, the DHA intake provides advantages to both the developing fetus and mother 

(Saldanha et al. 2009).  

The embryo survival and continuance of pregnancy depend on release of 

trophoblast interferon (IFNT) from the embryo, thus inhibit the expression of 
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endometrial oxytocin receptors and the secretion of PGF2α, thus preventing 

regression of the P4 secreting CL (Wathes and Lamming, 1995). The 

supplementation with n-3 PUFAs reduced PGF2α synthesis and prevents regression 

of the CL, lead to continued secretion of P4 that may improve embryo survival and 

may be reduced PGF2α secretion (Inskeep, 2004; Caldari-Torres et al. 2006). Petit 

and Twagiramungu (2006) reported, diets high in n-3 from linseed may reduce 

embryo mortality in dairy cows (Petit and Twagiramungu, 2006). When dairy cows 

fed a ruminally protected n-3 PUFAs from FO, the number of death embryos 

reduced by dietary inclusion of n-3 (Childs et al. 2008b). 

 

2.3.6. Effect of Fatty Acid on Gestation Length and Parturition 
Feeding a diets with n-3 PUFA also effects gestation length and timing of 

parturition, by alter the quantity and type of PG synthesis, as PG are essential for 

parturition, and may be reduce concentrations of circulating inflammatory 

cytokines (Tappia et al. 1997; Challis et al. 2002), leading to reduce the incidence 

of premature labour (Arntzen et al. 1998). In human, the diets high in n-3 PUFAs 

in late gestation period increased the gestation length (Olsen et al. 1992). In sheep 

the gestation length extended to two days when ewes fed a diet with FO during 

third trimester compared with Megalac (Capper et al. 2006), and with ewes 

supplemented algal that high in DHA (Pickard et al. 2008). Baguma-Nibasheka et 

al. (1999) reported, the gestation length increased when ewes supplemented diets 

with n-3 PUFAs from FO compared with n- 6. Plasma concentrations of PG, and 

myometrial PGHS-2 mRNA reduced by infused n-3 PUFAs in ruminant diets, thus 

reduced synthesis of PGF2α. FA concentrations in reproductive tissues is another 

relationship between gestation length and n-3 PUFAs. During the last period of 

gestation, the concentration of EPA in ovine endometrium phospholipids reduced 

and thus reduces the synthesis of PGF2α and, hence, assists in the onset of 

parturition (Zhang et al. 1995). Mattos et al. (2004) reported the increase of EPA 

and DHA concentrations in caruncular tissue are also associated with later calving. 
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2.3.7. Effect of Fatty Acid During Pregnancy on Offspring Health and 
Immunity 

Limited data available about the effects addition of FAs during pregnancy 

period on health and immune system of offspring. In human, during late pregnancy 

the consumed PUFAs in food led to presence amount of PUFAs in milk can 

prevent diabetes mellitus from developing (Das 2003). The consumed PUFAs in 

mid and late gestation period controlling many metabolic aspects such as alter gene 

expression and improve immune system in the early life of newborns (Enke et al. 

2008). Petit and Berthiaume (2006) indicated that feeding cows fat in late 

pregnancy period decreased mortality rate postpartum and after weaning without 

effect on birth weight and average daily gain pre-weaning. In the last gestation 

period supplemented cows safflower seed and calves challenged to cold-stress 

conditions, the calves born from cows fed safflower seeds kept their body 

temperature throughout the stress period, and had lower cholesterol concentrations 

in plasma after 60 min of cold exposure, thus better heat production (Lammoglia et 

al. 1999). The lambs from ewes fed diets with 10% safflower seeds during 

pregnancy lower rate of mortality and greater number of lambs were weaned 

compared with lambs from ewes not have safflower seeds in diet (Encinias et al. 

2004). Dietz et al. (2003) reported no difference in colostral concentrations of IgG 

and calf birth weight per cows fed safflower seeds or whole cottonseeds vs. cows 

feed ration without oil. The supplementation of FO in late gestation period to ewes 

improved lamb survival to weaning (Dawson and Edgar, 2006).          

 

2.4. Fatty Acids and Sex Ratio 
In sheep sector some farmers prefer males breeding because high growth 

rate and muscle accumulation, thus reaching higher market weight over a set time 

period. Other farmers prefer females breeding because higher sale price at weaning 

than males. Many studies reported that a variation from the expected 1:1 birth sex 

ratio in ruminants, the maternal diet and body condition were the most factors 
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studied. The maternal condition before conception gives the stronger relationship 

in sex ratio than physiological and morphological measures of condition taken after 

conception (Cameron, 2004; Sheldon, and West, 2004; Rosenfeld, and Roberts, 

2004). 

The experiment in the sex ratio aspect of offspring separate into two 

fraction, the first focusing in dietary restriction and timing and the second focusing 

in dietary composition. The diet restriction to house mice and golden hamsters 

during pregnancy increased the number of females born and the supplementation of 

diets with oil and fat before pregnancy improved caloric intake and can increased 

the males born (Austad, and Sunquist, 1986; Rosenfeld et al. 2003).  

 

2.5. Effect of Supplemental Fatty Acids on Colostrums 
As above mentioned, because of poor dietary supply and high 

biohydrogenation of PUFA (DHA and EPA) in ruminants, limiting quantities of 

these FA is available for absorption (Wachira et al. 2000; Chikunya et al. 2004). 

Therefore, the milk of ruminant poor in DHA and EPA and enhancing the 

colostrum and milk content of DHA and EPA through diet could be beneficial. 

Kitessa et al. (2003), supplemented ovine with FO and reported increased in DHA 

and EPA in milk.  

Pregnant ewes fed a diet with Ca salt of PO increase LA, C18:0, C18:1 

trans, and OA in colostrums compare with pregnant ewes fed FO, and increase 

CLA c9 t11, ALA, EPA, and DHA in colostrums in pregnant ewes fed FO without 

difference between groups in C16:0 and AA, in FO group reduce the colostrums 

yield and total fat concentration (Capper et al. 2006).Cow’s supplemented linseed 

in pre-partum period decreased C16:0 but increased proportions of C18:0, CLA c9 

t11, and ALA. Proportions of OA, LA, AA, EPA, and DPA did not differ due to fat 

supplement (Santschi et al. 2009). Leiber et al. (2011) reported the supplementation 

of cows in pre-partum period with safflower seeds rich in LA or linseed rich in 
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ALA, increased the FAs in colostrums in linseed group without difference in EPA 

and DHA between groups. 

 

2.6. Fatty Acid and Milk Yield and Profile 
The milk quality is evaluated by the fat, protein and somatic cell content 

(SCC). Recently increase the focusing of dairy sheep producers on milk fat content 

this is because consumers of animal products have become very interested in the 

composition of these products and their impact on health. Many consumers prefer 

low fat food or low saturated fatty acids food content. Many factor affect on milk 

fat and FAs content, the first factor is the diet composition and availability, second 

factor the animal breed, lactation stage and body condition, and the last factor is the 

environment effects. The fat in the milk as different sizes of globules. The globules 

number and diameter depend on environmental, genetic, and physiological factors 

(Martini et al. 2004). 

The major lipids in ruminant milk about 98% consist of triacylglycerols. 

The plasma uptake or de novo synthesis provides FAs synthesis and then secretion 

the FAs in milk. The FAs synthesis in milk originates from volatile FAs produced 

by rumen population. In mammary gland the acetate and beta hidroxybutyrate are 

the main carbon sources to short chain fatty acids (SCFA) and a portion of Palmitic 

acid (C16:0) synthesis. All of the long chain fatty acids (LCFA) and the another 

part of Palmitic acid in ruminants milk derive from fat in the blood, produced in the 

small intestine or mobilization of adipose tissue. The desaturase enzymes in 

mammary gland contribute to confer milk with FAs from 14 to 18 carbon chain 

(Vlaeminck et al. 2006). 

The diet composition affect on milk fat concentration and composition, 

especially by factors affect on the diet ingredients during fermentation in the 

rumen. In the ruminants, the concentration of acetate, propionate and butyrate in 

the rumen fluid and the acetate: propionate ratio play a main role in milk fat 

production and composition. The volatile fatty acid profile in the rumen can 
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influenced by the diets composition such as the source and content of neutral 

detergent fiber (NDF) and non-fibrous carbohydrates (NFC). In the dairy ewe 

rations, the level of the NDF must be between 32% and 43% of dry matter (DM), 

with NFC between 27% and 36% of DM in ewes that milk yield from 0.5 kg/d to 

1.7 kg/d and 6.5% milk fat corrected. Also the NDF source can affect milk yield 

and fat composition, Araujo et al. (2008) replaced the NDF source from low 

fermentable NDF source with high fermentable NDF source and found the milk 

yield and fat composition increased with high fermentable NDF source. In the 

dairy ewes the replacing of NFC from cereal grains such as corn, barley and  wheat 

grain (mostly starch) by NDF from soybean hulls or beet pulps, led to increased in 

milk production and increased in milk fat yield and concentration (Cannas et al. 

1998; Zenou and Miron, 2005; Cannas et al. 2013). The by products such as 

soybean hulls or beet pulps, rich in digestible fiber stimulate milk fat synthesis 

(Cannas et al. 1998 and Zenou and Miron 2005). 

The energy balance (EB) of ruminants may be affect on the milk fat 

profile, concentration and composition, as the EB in negative side the milk long 

chain fatty acids concentration and milk fat concentration increased due to the 

uptake of non-esterified fatty acids (NEFA) from body fat especially in early 

lactation (Bocquier and Caja, 2001; Cannas and Avondo, 2002; Pulina et al. 

2006).Pulina et al. (2006) reported the supplemented dairy ewes during milking 

period with rumen bypass fat as soaps of fatty acids increase milk fat 

concentration, the milk yield and fat concentration increased by added Ca salts of 

PO to ruminant diets at level between 90 and 200 g/d, higher than this level lead to 

depress milk and fat yield. Using Ca salts of PUFAs from tuna oil or Ca soap of 

olive oil didn’t decrease milk fat content (Antongiovanni et al. 2002; Kitessa et al. 

2003).Nudda et al. (2013), supplemented the small ruminants linseed, and reported 

that supplemented linseed decrease the milk fat concentration in early lactation 

period and increased milk fat concentration in mid lactation period.   
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In ewes and goats during milking period, the supplementation with rumen 

protected fat to about 8% DM of the diet led to improving milk fat concentration, 

and decreased protein percentage (Rotunno et al. 1998). In other study Casals et al. 

(1999) reported, the supplementation of dairy ewes during lactation period with 

200g CSFA of PO, led to increased milk fat percentage and yield but decreased the 

milk protein percentage. Also Dobarganes Garcia et al. (2005) found that added 

45g/day CSFA of olive oil to the dairy ewes increased milk fat percentage and 

yield, and not affect in milk protein(Dobarganes Garcia et al. 2005). Many studies 

reported that fed ruminants diets with CSFA increase the milk fat concentration 

and yield, but not found any effects on milk protein content and yield. 

 

2.6.1. Manipulation of The Milk Fatty Acid Profile 
Many studies reported that in ruminants, the diet is the most important 

factor for altering milk FAs profile. We cannot change the FAs concentration or 

profile of the milk or milk products by milk processing, and the FA concentration 

and profile of milk products is depend on the FA content of the raw milk (Nudda et 

al. 2005). The modification milk FAs composition and concentration can made be 

added oil to ruminant diets such as vegetable or marine oils, or by modification the 

amount and type of forages in the diets, because by these ways we can manipulate 

the rumen biohydrogenation of dietary fat especially USFAs. 

The increased milk USFAs especially EPA, DHA and CLA, and α-

linolenic acid (ALA) have healthy benefits and preferred from many customers in 

the world. Sofi et al. (2010) reported the intake about 200 g of sheep cheese rich in 

VA and RA for ten weeks, can have appositive effect on signs of atherosclerotic. In 

hyper cholesterolemic subjects Pintus et al. (2013reported that consumption of 

ewes cheese that have high level of conjugated linoleic acid (CLA) about  2.5 g of 

CLA/100 g of fat, led to decreased the LDL-cholesterol level. 
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2.6.2. Effects of Pasture on Milk Fatty Acid Profile 
The pasture is the most effective feed in improve the milk FA to healthy 

spectrum and the major source of ALA (Nudda et al. 2003; Gómez-Cortés et al. 

2009a). The high level of ALA in the pasture leads to increase the milk fat 

concentration of ALA, VA and CLA. In the rumen the ALA bio-hydrogenated into 

VA and then in the mammary gland converted to CLA. Therefore, the milk FA 

concentration and composition improved by pasture availability to dairy cattle 

(Nudda et al. 2003; de Renobales et al. 2012). De Renobales et al. (2012) reported 

the increased in the intake from pasture increasing in the milk content of ALA and 

CLA. Nudda et al. (2005) reported, the increased concentration of RA, VA and 

ALA in the milk of dairy ewes that fed on pasture in late winter and early spring, 

because high availability and quality of grass in this seasons and decreased the 

concentrations of RA, VA and ALA with decreasing pasture availability and 

quality.   

Moreover the plant species in the pasture can affect on the milk FA profile 

and concentration. When legume is very high in pasture then the milk from 

ruminants that fed on this pasture is high level of CLA and ALA and with low 

levels of SFA contrasted with ryegrass field (Addis et al. 2005). 

 

2.6.3. Effects of Using Vegetable oil on Milk Fatty Acid Profile 
The using of vegetable oils in the ruminant diets is a good strategy to 

improve the diets energy and to enhance milk FA composition. Using of vegetable 

oils in the ruminant diets is extremely helpful in situation of low diet content of 

FAs and when low quality forages are using in feeding.  

The vegetable oils are used commonly as a source of USFAs from plant 

origin to improve milk FAs content (CLA and unsaturated FA), and thus the 

improve milk FAs depend on the percentage of those ingredients in the diet (Table 

2.6.). The adding of linseed in ruminants during lactation period increase milk 

content of VA, c9, t11 CLA and PUFA n-3 without any effects on milk production 
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and composition (Luna et al. 2008; Gómez-Cortés et al. 2009b). In  dairy ewes the 

supplementation of soybean oil more effective than linseed oil or sunflower oil in 

milk CLA content (Castro et al. 2009; Bodas et al. 2010). The ruminal 

biohydrogenation of USFAs more complete with linseed feeding than soybean and 

thus the amounts of CLA and VA in the duodenum from ration high level in 

linoleic acid higher than diets high in linolenic acid (Lock and Garnsworthy, 2002; 

Bu et al. 2007). The soybean oil more effective than the sunflower oil in increasing 

milk CLA because when added vegetable oils to diets its more effect in the form of 

free oil than seeds (Bodas et al. 2010), and may be to in the rumen when added as 

free oil it is more effective than when oil covering by seed coat (Chilliard et al. 

2009). Gómez-Cortés et al. (2014) the milk CLA from diet with 70 g of free oil 

higher than milk CLA from diet with 70 g of extruded linseed. The processed lipid 

can be used in the ruminant diets such as  rolled, roasted, and micronized seeds and 

may be more effective to increase CLA in the milk than raw seeds, because the oil 

content of the raw seeds more slowly disperse in the rumen (Mughetti et al. 2007; 

Doreau et al. 2009). 
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Table 2.5. Effects of some oil supplementation on CLA, Vaccenic acid, Linoleic 
acid and α-Linolenic acidin sheep milk. 

Treatments 
 

g/d CLA Vaccenic 
acid  

Linoleic 
acid  

α-
Linolenic 

acid  

References 

       SFO-MO 160 0.26 6.60 3.83 0.99 Reynolds et 
al. (2006) Silage - 0.81 4.93 4.96 0.41 

SFO-MO 140 0.91 9.30 4.62 0.52 
Control - 1.00 0.91 2.31 0.91 Zhang et al. 

(2006a) WLS 211 1.52 1.53 3.52 1.82 
SFS 180 2.33 1.52 4.12 1.43 
LSO 22 1.23 3.00 2.32 1.63 Zhang et al. 

(2006b) 32 1.34 3.84 2.53 1.72 
42 1.93 4.24 2.53 2.00 

Control - 0.55 0.86 2.72 0.32 Castro et al. 
(2009) SFO 27 0.62 1.22 3.03 0.44 

HP 27 0.62 0.94 2.94 0.44 
PO 62 0.38 0.77 1.97 0.53 Bodas et al. 

(2010) OO 62 0.92 2.07 1.54 0.38 
SBO 62 2.57 6.53 3.16 0.54 
LSO 62 1.57 4.26 1.75 1.08 
SBO - 0.82 1.87 2.47 0.37 Gómez-

Cortés et al. 
(2011b) 

16 1.37 3.86 2.64 0.32 
33 2.43 6.93 2.86 0.28 
52 2.96 8.54 2.97 0.27  

Control - 0.52 1.08 6.57 0.33 Maia et al. 
(2011) CAO 3.00 1.27 3.46 6.93 0.34 

SFO 3.00 1.24 3.18 7.04 0.32 
CO 3.00 0.53 1.12 7.66 0.33 
Control 72 0.38 0.84 2.43 0.32 Gómez-

Cortés et al. 
(2014) 

ELS 72 0.87 3.02 1.84 0.93 

SFO :sunflower oil, MO :marine oil, WLS :whole linseed, SFS :sunflower seed, LSO 
:linseed oil, HP :hydro palm, OO :olive oil, SBO :soybean oil, PO :palm oil, CO :castor oil, 
CAO :canola oil, ELS :extruded linseed. 
 

2.6.4. Effects of Marine oil Sources 
The marine oil source is the highest in the milk composition of CLA, VA 

and omega-3 FAs among all types of fat source used in ruminant diets (Table 2.7.). 

In dairy ewes, the supplementation of FO at 30-45 g/day increased CLA 

concentration of the milk (Mozzon et al. 2002). The marine oils poor in CLA 

precursors but very effect in increasing milk concentration of VA and CLA by the 
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manipulation of synthesis of 18:0 by the rumen population. Also the marine oils 

rich in EPA and DHA, and thus when ruminants supplemented marine oils lead to 

increase milk content of these long chain fatty acids (Mozzon et al. 2002; Kitessa 

et al. 2003; Ferreira et al. 2011). In dairy ewes the transfer of EPA and DHA from 

the diet to milk was higher than dairy cows or goats (Kitessa et al. 2001; Lock and 

Bauman, 2004).     

The high amount of the PUFA n-3 (DHA and EPA) biohydrogenation 

within the rumen, and the poor dietary supply of those FA, lead to decrease the 

amount of those FA’s availability for absorption (Wachira et al. 2000; Chikunya et 

al. 2004). Moreover, the milk of ruminants contains limited concentrations of 

DHA, the precursor of DHA and EPA, was also shown to be limited in sheep 

(Wright et al. 2003; Demirel et al. 2004). Many researchers in ruminant nutrition 

reported, the EPA and DHA maybe escape rumen biohydrogenation (Thatcher and 

Staples, 2007), and those PUFAs of omega-3 family found in higher amount in 

marine products, such as fish oil and meal (Thatcher and Staples, 2007). The 

PUSAs play an important role in many reproductive tissues, this importance comes 

from its role in fluidity of cell membrane (Wathes et al. 2007). However the long 

chain fatty acids in ruminant ration are commonly very low and rumen 

biohydrogenation in rumen very high and extensive (Chikunya et al. 2004), which 

may affect of availability in  fetal tissues, milk and meat, especially during the late 

pregnancy period and in this period rapid fetal growth. The strategy to increase the 

supply of PUFAs of the n-3 family FAs in diets. Therefore, enhancing the DHA 

and EPA of omega-3 family concentration in colostrum, milk and milk products 

through added to ration could be good to suckling animals. 
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Table 2.6. Effects of marine oil on milk fatty acid profile 
Treatments 
 

 CLA α-
Linolenic 
acid  

EPA DHA References 

Control 0.67 0.36 0.04 - Mozzon et al. 
(2002) 30 g/d FO 1.66 0.47 0.12 0.22 

45 g/d FO 2.86 0.43 0.18 0.37 
Control - - 0.03 0.03 Kitessa et al. 

(2003) 6 g/d DHA - - 0.48 1.93 
Control 0.45 0.52 0.12 0.04 Toral et al. (2010) 
25 g SFO 1.24 0.43 0.08 0.03 
25 g SFO+ 8 g   MA 2.77 0.38 0.13 0.18 
25 g SFO + 16 g MA 2.56 0.37 0.12 0.47 
25 g SFO + 24 g MA 3.23 0.33 0.14 0.58 
4% SBO 1.34 0.27 - - Ferreira et al. 

(2011) 0.25% FO + 3.75% 
SBO 

1.48 0.27 0.02 0.03 

0.50% FO + 3.50% 
SBO 

1.64 0.28 0.02 0.02 

0.75% FO + 3.25% 
SBO 

1.46 0.23 0.03 0.02 

25 g FO 2.43 0.47 0.03 0.04 Bichi et al. (2013) 
25 g SBO + 8 g MA 3.97 0.46 0.05 0.36 
SFO :sunflower oil, MA :marine algae, SBO :soybean oil 
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3. MATERIALS AND METHODS 
 

3.1. Material 
The experiment was conducted at Al-Khanasry Station for Livestock Research, 

National Centre for Agricultural Research and Extension (NCARE) in Jordan. The 

Station is located 50 km to the North of Amman at 31.5◦N latitude and at an 

altitude of 350 m, with an arid to semi-arid climate and annual rainfall of 170 mm. 

 

3.1.1. Animal Material 
One hundred mature Awassi ewes at 2-4 years of age, parity ranging from 

1 to 3 and body weight 57±1.5 kg were examined by a veterinarian to assure good 

health and udder status. Ewes were synchronized by using intravaginal sponge 

containing progesterone acetate for 14 days (60 mg; Veramix, Pharmacia and 

Upjohn Co., Orangeville, Canada). The second day of sponge removal, all ewes 

were randomly allocated into 10 equal groups (10 ewes/group). Ewes were 

naturally mated by 10 good fertile rams (1 ram/10 ewes). Pregnancy diagnosis was 

performed in the tenth week of pregnancy and discards all non-pregnant ewes. 

Numbers of the ewes in each groups were as fallows PO; n = 15, POFO; n = 16, 

FOPO; n = 16 and FO; n = 16. Ewes were housed under conditions of natural day 

light and temperature. 

The gestation period was segmented to 2 periods, breeding to-65 days and 

66 days to lambing. From the first day of mating, ewes were randomly assigned to 

one of the four dietary treatments. Treatments were  1) diet containing PO from 0-

150 days of pregnancy (PO; n = 25), 2)diet containing PO from 0-65 days of 

pregnancy, then diet containing FO 66-150 days of pregnancy (POFO; n = 25), 3) 

diet containing FO from 0-65 days of pregnancy, then diet containing PO from 66-

150 days of pregnancy (FOPO; n = 25) and 4) diet containing FO from 0-150 days 

of pregnancy (FO; n = 25).Ewes were housed with three replicates per treatment, 
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every treatment divided to three subgroups in shaded pens (12 m ×6 m), every ewe 

take a space of about 33 cm at the feeder. 

After birth ewes with their lambs were housed with three replicates per 

treatment, every treatment divided to three subgroups in shaded pens (12 m ×6 m) 

and all pens have an area for creep feeding. At the end of nursing period, lambs 

were separated from their dams, and continue with the same ewes groups to 

milking period and fattening for ram lambs, thirty two (average age = 70±0.99 d) 

Awassi ram lambs (average BW = 19 ±1.7 kg) were assigned to the same diet 

(Table 3.5); All lambs were separated to four groups (8 lamb/group) as the ewes 

group. 
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Figure 3.1. The diagram of general methods of the experiment 
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3.1.2. Experimental Diets 
Rations were formulated to meet NRC (2007) requirements for gestation ewes 

in total mixed ration (TMR), as isonitrogenous (Table 3.1). Ewes were housed in 

shaded pens and fed their diets daily at 8:00 h and 15:00 h., as groups. Fat sources 

used in this study were PO and FO and they were used in 2.4% DM at early stage 

of gestation and in 2.1% DM at late stage of gestation, the FAs profile of the PO 

and FO are presented in Table 3.2. Ewes were fed ad libitum and had access to 

fresh water throughout the experiment.  

 

Table 3.1. TMR content and nutrient composition used in the early and late 
pregnancy 

Ingredients (% DM) Diets (Early Gestation) 
PO POFO FOPO FO 

Barley grain 23.40 23.40 23.40 23.40 
Soybean meal, 44%CP (Solvent Ext.) 6.77 6.77 6.77 6.77 
Wheat straw  54.09 54.09 54.09 54.09 
Wheat bran 11.56 11.56 11.56 11.56 
Fish oil - - 2.40 2.40 
Palm oil  2.40 2.40 - - 
Salt  0.38 0.38 0.38 0.38 
Limestone  1.00 1.00 1.00 1.00 
Mineral vitamin premixa 0.40 0.40 0.40 0.40 
Nutrient contents  
DM % 91.31 90.62 90.59 89.69 
R:C 55:45 55:45 55:45 55:45 
CP % 10.18 9.52 9.84 9.44 
ADF % 27.46 27.36 28.16 27.86 
NDF % 48.14 48.51 48.36 49.12 
EE % 4.17 4.22 4.36 4.18 
ME (Mcal/Kg)b 2.43 2.61 2.36 2.33 
 Late Gestation 

PO POFO FOPO FO 
Barley grain 26 26 26 26 
Soybean meal, 44% CP (Solvent Ext.)  6.5 6.5 6.5 6.5 
Wheat straw  53.25 53.25 53.25 53.25 
Wheat bran 10.85 10.85 10.85 10.85 
Fish oil - 2.1 - 2.1 
Palm oil  2.1 - 2.1 0 
Salt  0.5 0.5 0.5 0.5 
Limestone  0.5 0.5 0.5 0.5 
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Mineral vitamin premix  0.3 0.3 0.3 0.3 
Nutrient contents     
DM % 90.57 89.67 90.12 90.54 
R:C 55:45 55:45 55:45 55:45 
CP % 10.62 10.54 11.02 10.41 
ADF % 26.62 27.12 26.51 26.86 
NDF % 48.42 49.10 48.35 48.80 
EE % 4.34 4.14 4.25 4.17 
ME (Mcal/Kg)b 2.65 2.24 2.52 2.31 
a Composition per kg contained (vitamin A, 2,000,000 IU; vitamin D3, 40,000 IU; vitamin 
E, 400 mg; Mn, 12.80 g; Zn, 9.00 g; I, 1.56 g; Fe, 6.42 g; Cu, 1.60 g; Co, 50 mg; Se, 32 
mg).  
bCalculated based on tabular values using NRC (2007). 
 

The fatty acids profile of the PO and FO are presented in Table 3.2. 

 

Table 3.2. Fatty acid profile of FO and PO 
Palm oil Fish oil Fatty acid 

0.17 - Lauric (C12:0) 
0.94 6.2 Myristic (C14:0) 

- 0.72 Pentadecanoic acid (C15:0) 
41.98 20.4 Palmitic (C16:0) 
0.18 8.15 Palmetoleic (C16:1) 
0.08 1.1 Heptadecanoic (C17:0) 
0.03 0.56 Heptadecenoic (C17:1) 
2.2 5.4 Stearic (C18:0) 
41.6 16.1 Oleic (C18:1) 
10.9 2.11 Linoleic (C18:2) 
0.16 0.63 Linolenic (C18:3) 
0.33 0.4 Arachedic (C20:0) 
0.12 0.8 Gadoleic (C20:1) 
0.06 - Behenic (C22:0) 
0.06 - Lignoceric (C24:0) 

- 2.7 Arachidonic acid (ARA) (C20:4) 
- 10.1 Eicosapentaenoic acid (EPA) (C20:5) 
- 3.1 Dicosapentaenoic acid (DPA, C22:5) 
- 16.3 Dicosahexaenoic acid (DHA ,C22:6) 

 

After lambing diets were formulate without FO and/or PO and to be 

isonitrogenous and the same for all ewes and lambs (Table 3.3 and 3.4). Diets were 

mixed every day, were sampled for laboratory analysis to ensure consistency in 
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their chemical composition (triplicate). Ewes with their lambs were housed as 

groups and fed their diets daily at 8:00 h. Experimental diets is adequate for 

nursing ewes (NRC, 2007). 

 

Table 3.3. TMR content and nutrient composition used in nursing for ewes. 
Ingredients (% DM)  Diet 
Barley grain 50 
Soybean meal, 44% CP (Solvent)  15 
Wheat straw  33 
Salt  1 
Limestone  0.9 
Mineral vitamin premixa 0.1 
Nutrient Contents                                                                                     % 
Dry matter 90.7 
Organic matter 89.7 
Crude protein 14.5 
Neutral detergent fiber 37.4 
Acid detergent fiber 19.9 
R:C 33:67 
ME (Mcal/kg)b 2.50 
a Composition per kg contained (vitamin A, 2,000,000 IU; vitamin D3, 40,000 IU; vitamin E, 400 mg; 
Mn, 12.80 g; Zn, 9.00 g; I, 1.56 g; Fe, 6.42 g; Cu, 1.60 g; Co, 50 mg; Se, 32 mg).  
bCalculated based on tabular values using NRC (2007). 
 

Table 3.4. TMR content and nutrient composition used in nursing period for lambs 
Ingredients (% DM)  Diet 
Barley grain  50 
Soybean meal, 44% CP (Solvent) 19 
Wheat straw  5 
Wheat bran 15 
Corn 9 
Salt  1 
Limestone 0.9 
Mineral vitamin premixa 0.1 
Nutrient Contents  % 
Dry matter 89.4 
Crude protein 18.3 
Neutral detergent fiber 20.05 
Acid detergent fiber 9.87 
ME (Mcal/kg)b 2.84 
a Composition per kg contained (vitamin A, 2,000,000 IU; vitamin D3, 40,000 IU; vitamin E, 400 mg; 
Mn, 12.80 g; Zn, 9.00 g; I, 1.56 g; Fe, 6.42 g; Cu, 1.60 g; Co, 50 mg; Se, 32 mg). 
bCalculated based on tabular values using NRC (2007). 
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After weaning, thirty two (average age = 70±0.99 d) Awassi ram lambs 

(average BW = 19 ±1.7 kg) were assigned to the same diet (Table 3.5); All lambs 

were separated to four groups (8 lamb/group) as the ewes group. 

 

Table 3.5. TMR content and nutrient composition used in fattening period 
Ingredients (% DM)  Diet 
Barley grain 50 
Soybean meal, 44% CP (Solvent)  14 
Wheat hay  19 
Wheat bran 13 
Salt  1 
Dicalcium phosphate 1.5 
Calcium carbonate 1 
Mineral vitamin premixa 0.1 
Nutrient Contents  % 
Dry matter 89.8 
Organic matter 88.3 
Crude protein 15.8 
Neutral detergent fiber 31.63 
Acid detergent fiber 15.14 
ME (Mcal/kg)b 2.59 
aComposition per kg contained (Dicalcium phosphate, 800 g; sodium chloride, 60 
g; trace elements mixture, 20 g (Zn, Mn, Fe, Cu, Co, Se); magnesium oxide, 20 g; 
vit. A, 500,000 IU; vit. D3, 85,000 IU, vit. E, 200 IU.).  
bCalculated based on tabular values using NRC (2007). 
 
3.2. Methods 

The study lasted 11 months in total (5 months of pregnancy, 4 months of 

nursing and milking period and 2 months of fattening period).The study was 

carried out in a special designed shaded pen. During the experimentation, animals 

were housed in 12 pens (12 m ×6 m) of groups. 

 

3.2.1. Data Collection During Pregnancy Period 
Ewes were housed in shaded pens and fed daily at 8:00 h and 15:00 h., as 

groups. Ewes were weighed monthly before morning feeding throughout the study. 

Ewes were fed ad libitum and had access to fresh water throughout the experiment. 
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To measure nutrient intakes, orts were collected daily and sampled for chemical 

analysis. Feeders were managed to let no more than 10% of feed per animal to 

remain 1 h prior to feeding and if the feeders were empty, 10% of feed was added 

to the previous amount offered on the day before the next voluntary feed intake. 

Pregnancy, lambing, abortion and mortality were recorded. 

 

3.2.2. Data Collection During Nursing and Milking Period 
Ewes were given 1 week adaptation to the pens and to the diets. Following 

adaptation, the diets were fed to the ewes and their lambs for 8 weeks. Ewes and 

lamb intake was measured and weight were recorded and continued biweekly 

before morning feeding. Lambs intake was measured by partitioning a section of 

the pen or area with a gate or openings through which the lambs can fit, but not the 

ewes. This accomplished by used openings that are adjustable from 15 to 25 cm, 

set in a panel at least 50 cm high, so that ewes cannot jump over. Average daily 

gain before weaning (ADGW) calculated using the biweekly body weights for each 

lamb. Ewes and lambs were fed their diets ad libitum and on the basis of the 

animals established consumption pattern during adaptation period and had access 

to fresh water throughout the experiment.  

Two colostrums samples (approximately 50 mL from each half of the 

udder) were collected by hand-milking into plastic bottles at 1 h and 12 h after 

parturition and stored at -20 °C till analysis. Colostrums production was 

determined by milking the ewes at 1 h after parturition. 

During the second week of lactation, milk production measurements were 

made and continued biweekly thereafter. Milk production over a period of 12 h was 

estimated biweekly throughout the study at 08:00 h by hand milking. Lambs were 

separated from their dams 12 h before milking. Then, milk production was 

calculated over 24 h (Awawdeh et al. 2009). For chemical composition of milk, a 
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125 ml sample was collected biweekly from each ewe and frozen at −20 ◦C for 

later analysis.  

 

3.2.3. Data Collection During Fattening Period 
After weaning, thirty two (average age = 70±0.99 d) Awassi ram lambs 

(average BW = 19 ±1.7 kg) were assigned to the same diet (Table 3.5); all lambs 

were separated to four groups (8 lamb/group) as the ewes group. The experimental 

period lasted for 56 days. Diets were fed as totally mixed rations once daily at 9:00 

h in amounts to ensure 10% orts. The amount of feed offered and refused for each 

group was recorded weekly. Clean drinking water was available in plastic buckets 

and animal pens were cleaned weekly. Lamb weights were recorded weekly before 

feeding to monitor body weight change throughout the experiment. Experimental 

diets were mixed weekly and were sampled upon mixing to ensure proper mixing.  

 

3.2.4. Chemical Analysis 
3.2.4.1. Chemical Analysis of Feeds 

Composited diets and orts samples were dried at 55 °C in a forced air oven 

to constant weight, air equilibrated and then ground to pass a 1 mm screen 

(Barbender Ohg Duisdurg, Kulturstrase 51–55, type 880845, Nr 958084, Duisdurg, 

Germany) and kept for further analysis. Ground samples were analyzed for DM 

(100 °C in air-forced oven for 24 h; method 967.03), and N (Kjeldahl procedure; 

method 976.06) of AOAC (1990). In addition, all samples were analyzed for 

neutral detergent fiber(NDF) and acid detergent fiber(ADF) according to 

procedures described by Van Soest et al. (1991) with modifications for use in the 

Ankom2000 fiber analyzer apparatus (Ankom Technology Corporation, Macedon, 

NY,). Neutral detergent fiber analysis included sodium sulfite and a heat stable 

alpha amylase. Both NDF and ADF are expressed with residual ash content. 
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3.2.4.2. Colostrums and Milk Analysis 
The colostrums samples were diluted by one-half or one-third with distilled 

water, depending on their viscosity. The samples were warmed to room 

temperature and then analyzed for the concentrations of fat and protein. Samples 

were analyzed for solids not fat (SNF), fat and CP. Solids-not-fat contents were 

calculated according to David (1977) using Lactometer. Crude protein (N × 6.38) 

was determined using a Kjeldahl procedure (method 976.06; AOAC, 1990). Fat 

content was analyzed according to Gerber method (Gerber Instru-ments, K. 

Schnider and Co. AG; 8307 Langhag, Effretikon). 

Concentrations of colostral IgG were measured as representative of the 

immunoglobulin content of the colostrums. The colostrums IgG concentrations 

were determined using the Brix Refractometer (Quigley et al. 2013). Pregnancy 

rate was calculated as number of ewes lambing per ewes mated, lambing rate was 

calculated as number of lambs born per ewes mated, abortion rate was calculated as 

number of ewes aborted per ewes mated and mortality rates was calculated as the 

number of mortalities prior to weaning per number of lambs born. 

Milk samples were thawed and bulked for each ewe. Then, the samples 

were warmed to room temperature and then analyzed for the concentrations of 

solids not fat (SNF), fat and protein using an infrared milk analyzer (Milkana 

superior plus). 

Milk fatty acid profile was performed. Fat from milk samples was 

extracted. After separation fat then transesterification into fatty acid methyl esters 

by methylation at room temperature with NaOH (2 M) in methanol (Palmquist and 

Jenkins, 2003), and then analyzed for FA profile by gas chromatography (GC) as in 

Shimadzu 2010 way, with flame ionization detector. Milk FA compositions were 

analyzed by GC according to Sanz Sampelayo et al. (2006), the Supelcowaxs-10 

fused silica capillary column (60 m_0.75 mm i.d, phase thickness 1.0 mm; Supelco 

Inc., Bellefonte, PA). The carrier gas was nitrogen. Initial oven temperature was 
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programmed from 60 to 70 °C at 2 °C/min, and from 70 to 230 °C at 20 °C/min. 

Injector and detector temperatures were 250 °C and nitrogen flow rate was 1.2 

ml/min (Sanz Sampelayo et al. 2006). 

 

3.2.5. Statistic Analysis 
The analyses were performed by IBM SPSS statistical package version 

23.0 (IBM SPSS Inc., Chicago, IL). P values ≤0.05 were considered significant, 

and 0.05 < P ≤ 0.10 were considered a tendency. Least square difference (LSD) 

was used to further identify differences among groups. ANOVA was used to 

primarily analyze the differences between treatment groups in term of the initial 

body weight. Random effect of initial body weight was significant on final BW, 

WG and ADG. Thus, ANCOVA with initial BW as Covariate. Pregnancy, number 

of lambs born, number of ewes lambed, number of lambs weaned, aborted, and 

mortality were all analyzed using Chi-square test with Fisher’s exact test for cell 

counts less than 5. 
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4. RESULTS AND DISCUSSION 
 

4.1. Effects of Feeding Omega-3 Fatty Acids During Pregnancy on Ewes 
4.1.1. Effect on Pregnancy Performance 

Gestation length (day) is presented in (Table 4.1). Awassi ewes fed the FO 

and POFO was longer (P< 0.05) in gestation period than other treatment groups. 

Initial and final live weights of ewes were not differ among treatments and 

averaged 57 kg and 71.6 kg, respectively (P>0.05). Dry matter intake and BWG 

were, also, similar among treatments.  

 

Table 4.1. Effect of feeding omega-3 fatty acids during gestation on maternal 
performance 

 Treatments1 
 PO POFO FOPO FO SEM2 P-

value 
Gestation length, day 145a 147b 146a 149b 0.48 <0.001 
Dry matter intake, g/day 1294 1282 1291 1287 10.08 0.952 
Initial body weight, kg 55.4 58.0 58.0 56.5 1.77 0.523 
Final body weight, kg 70.0 72.1 73.0 71.1 1.46 0.432 
Ewe BWG, kg 14.5 14.2 15.1 14.6 1.29 0.734 
1Treatment diets were 1) diet containing PO from 0-150 days of pregnancy (PO; n =                         
25), 2)diet containing PO from 0-65 days of pregnancy, then diet containing FO 66-150 
days of pregnancy (POFO; n = 25),3)diet containing FO from 0-65 days of pregnancy, then 
diet containing PO from 66-150 days of pregnancy (FOPO; n = 25)and 4) diet containing 
FO from 0-150 days of pregnancy (FO; n = 25). 
2SE: Standard error of pooled means. 
ab Means within row with different superscripts differ (P<0.05) 
 

The gestation length of the FO and POFO groups were higher than the 

other groups. In agreement, the inclusions of PUFA n-3 in sheep (Pickard et al. 

2004) led to extension of gestation length, and are thought to be associated with a 

reduction in the synthesis of two series prostaglandins, due to increased EPA 

concentrations (Abayasekara and Wathes, 1999; Pickard et al. 2004). Capper et al. 

(2006) reported the ewes fed a diet containing FO during third trimester of 
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gestation increased gestation length two days compared with protected fat source. 

Baguma-Nibasheka et al. (1999) reported, the gestation length increased when 

ewes supplemented diets with n-3 PUFAs from FO compared with n- 6.The AA 

and EPA act as major prostaglandin (PG) precursors within the ruminant; the 

bioactive dienoic PGE2 and PGF2α are synthesized from AA, whereas PGE3 is 

produced from EPA, when increase in the ratio of EPA to AA available to the ewe 

results in a shift in PG production from bioactive dienoic PG, which have an 

established role in the induction of parturition, toward less active trienoic PG 

(Calder 2001), and is thought to be associated with a reduction in uterine muscle 

contractility by an increased supply of DHA (Olsen et al. 1990), in another study 

Baguma-Nibasheka et al.(1999) demonstrated a delay in the initiation of 

glucocorticoid-induced parturition in ewes infused with FO, with concurrent 

reductions in maternal estradiol and prostaglandin-H-synthetase-2.No differences 

in gestation length between PO and FOPO, because the ration of those two groups 

did not have FO in late period of gestation, and not have the effect of FO in 

gestation length. 

No differences in DMI and BWG were observed among ewes fed the 

different treatment diets. Capper et al. (2007) also reported that supplementing 

ewes with FO during late pregnancy and lactation has no effect on DMI and the 

dietary fat source had no significant effect in the daily intake of pregnant and 

lactating ewes.  

Although many studies reported that inclusion of FO in ruminant rations 

led to reduction in DMI (Donovan et al. 2000; Annett et al. 2004), but dietary fat 

source had no significant effect upon the daily DMI of pregnant ewes within the 

current study. However, the previous studies did not include a control fat source in 

the control diet; therefore it is possible that the observed results may have resulted 

from similar effects of FO and PO upon DM intake. The depressive effect of 

PUFAs upon DMI has been attributed to toxic effects of PUFAs to rumen 
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microbes, although the use of protected FOs appears to negate these effects 

(Kitessa et al. 2001). Therefore PUFA supplementation may have metabolic effects 

upon DMI via shifts in ruminal biohydrogenation leading to an increased supply of 

USFAs at the duodenum (Shingfield et al. (2006). 

 

4.1.2. Effect on Colostrums and Milk, Yield and Composition 
The results of colostrums yield, fat%, protein% and IgG (g/l) are presented 

in Table 4.2. Colostrums yield, fat content and protein content was higher (P < 

0.05) for ewes fed the PO and FOPO than ewes fed the FO and POFO diets, while 

IgG had lower (P < 0.05) for ewes fed the PO and FOPO than ewes fed the POFO 

and FO diets. 

 

Table 4.2. Effect of feeding omega-3 fatty acids during gestation on colostrum 
parameters 

 Treatments  
PO POFO FOPO FO SE P-

value 
Colostrums yield (kg/d) 1.6a 1.3b 1.5a 1.2b 1.45 <0.001 
Fat % 10.1a 8.2b 10.2a 8.1b 0.15 <0.001 
Protein % 13.0a 11.6b 13.0a 11.4b 0.06 <0.001 
IgG (g/L) 59.2b 77.2a 60.6b 78.5a 1.24 <0.001 
ab Means within row with different superscripts differ (P<0.05) 

 

In the current study, differences in colostrums yield, fat and protein 

observed between Awassi ewes fed diets containing FO or PO in different stage of 

gestation. The colostrum yield, fat and protein had a lower in groups that have a 

FO in ration at late period of gestation than groups that not have FO in ration at late 

period of gestation. Conversely, IgG had a lower in groups that not have FO in 

ration at late period of gestation. In agreement to our results, Annett et al. (2008), 

(2009); Capper et al. 2006 observed, often the colostrums yield, fat and protein is 

reduced following n- 3 supplementation with FO. The combined effects of a large 

reduction in colostrums fat and protein (Pattinson et al. 1995). 
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Studies in sheep have shown that supplementation of diets with FO, a 

source of PUFA, during late pregnancy reduced colostrum yield, fat concentration, 

and fat and protein yield (Capper et al. 2006). The observed reduction in 

colostrums production and composition in early stage of milking period is 

consistent with reports in other studies, where milk and colostrums production, fat 

and protein percentage have been shown to decrease in response to FO 

supplements (Chilliard and Doreau, 1997; Offer et al. 1999; Chikunya et al. 2002 

and Capper et al. 2006). The most widely accepted hypothesis for the cause of diet-

induced milk fat depression in dairy ruminants involves direct inhibition of lipid 

synthesis in the mammary gland, in response to FA intermediates (trans-C18:1 and 

related metabolites, such as conjugated linoleic acid, CLA), formed during partial 

biohydrogenation of USFAs in the rumen (Bauman and Griinari, 2001).  

The results of milk fat%, SNF% and protein% are presented in Table 4.3. 

Milk fat, SNF and protein percentage was higher (P < 0.05) for PO and FOPO than 

FO and POFO during first 15 days of lactation, and from 45 days of lactation no 

differences occurred (P > 0.05) in milk the constituent. 

 

Table 4.3. Effect of FO during pregnancy on milk fat, SNF and protein 
composition 

 PO POFO FOPO  FO SEM1 P-value 

Fat%  
15 day 7.42a 6.37b 7.26a 6.29b 0.10 <0.001 
45 day 6.54 6.45 6.70 6.48 0.08 0.715 
90 day 6.16 6.02 6.17 6.31 0.10 0.781 

SNF%  
15 day 11.43a 10.68b 11.15a 10.42b 0.08 <0.001 
45 day 10.80 10.51 10.66 10.58 0.06 0.387 
90 day 10.62 10.35 10.41 10.32 0.06 0.251 

Protein%  
15 day 4.22a 3.82b 4.36a 3.66b 0.05 <0.001 
45 day 3.80 3.75 3.69 3.72 0.03 0.661 
90 day 3.40 3.55 3.69 3.46 0.04 0.071 

ab Means within row with different superscripts differ (P<0.05) 
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Depression observed in this study is consistent with other studies, where 

milk production, fat and protein percentage have been shown to decrease in 

response to FO supplements (Chilliard and Doreau, 1997; Offer et al. 1999 and 

Chikunya et al. 2002). Shingfield et al.(2006) demonstrated, the inclusion of FO in 

ruminant diets lead to decreased milk content of fat and protein, and this decreased 

associated with the increasing of CLA in milk by biohydrogenation. In many 

studies, the reduction of milk fat content with FO diets was reported as modify 

ruminal lipid metabolism, leading to changes in the profile of biohydrogenation 

intermediates leaving the rumen (Cattaneo et al. 2001; Shingfield et al. 2006). 

The results of milk yield during lactation period are presented in Table 4.4. 

Awassi ewes fed the PO and FOPO was greater (P < 0.05) in milk production than 

other treatment groups in first 30 days of lactation, with no differences between 

groups after 30 days of lactation. In average Awassi ewes fed the PO and FOPO 

was greater (P < 0.05) in milk production than other treatment groups.  

 

Table 4.4. Effect of FO during pregnancy on milk yield (Kg) during lactation 
period 

Lactation days PO POFO FOPO FO SEM P-value 

15 1.70a 1.32b 1.69a 1.27b 0.03 <0.001 

30 1.81a 1.39b 1.83a 1.38b 0.03 <0.001 

45 1.62 1.51 1.58 1.52 0.02 0.122 

60 1.46 1.42 1.48 1.40 0.02 0.524 

75 1.36 1.36 1.39 1.32 0.02 0.731 

90 1.33 1.30 1.33 1.27 0.02 0.810 

Average 1.54a 1.38b 1.55a 1.36b 0.03 <0.001 
ab Means within row with different superscripts differ (P<0.05) 

 

In this study, the inclusion of FO in diet of ewes especially in late gestation 

reduced milk yield. This effect was seen just in the first 30 days of lactation period 
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and after 30 days of milking period all groups had similar milk yield, the reduction 

in milk production and composition was over short timescale, associated with the 

presence of FO in diet. Shingfield et al. (2003), supplemented FO to lactation cattle 

has been reported to reduce milk composition and milk yield .The reduced  milk 

yield or composition have been reported as result of reduced in feed intake in cattle 

and ewes (Donovan et al. 2000; Annett et al. 2004).The effect of FO on milk yield 

in those researches resulted from reduction of feed intake, but in current study we 

not have significant difference in DMI between treatments, however, in current 

study the rations during lactation period without FO or PO. For this reason maybe 

in current study we did not have differences between groups in DMI. Judith et al. 

(2006) supplemented FO to pregnant ewes at late gestation period and 

demonstrated a reduction in milk yield and milk composition. The negative effect 

of FO on milk production attributed to hydrogenation intermediaries including 

trans-10 18:1 and trans-10, cis-12 CLA and milk yield (Chikunya et al. 2002). 

FO supplementation to ewes reduced the concentrations of C16:0, C18:0 

and C18:1 cis-9 within milk fat (P <0.01; Table 4.5.) in the 14 days after lambing. 

By contrast, concentrations of C18:1 trans (P <0.01), CLA (cis-9, trans-11) (P 

<0.01),C18:3 (n-3) (P <0.01), C20:5 (n-3) (P <0.01) and C22:6 (n-3) (P <0.01) 

were increased, without effect in C 18:2 n-6 and C 20:4 n-6  in milk FA profile by 

the provision of FO in the diet. There was no effect of FO supplementation of ewes 

in the 90 days after lambing of milk FAs profile; this resulted because after birth 

the ewes offered same diet without FO.  
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Table 4.5. Effect of FO during pregnancy on milk FA composition 
Fatty acid (g/100 g 

fatty acid) PO POFO FOPO FO SEM P-value 

Day 14  
C 16:0 25.2a 20.4b 25.6a 20.6b 0.52 <0.001 
C 18:0 13.8a 8.0b 13.7a 8.00b 0.60 <0.001 
C 18:1 trans 3.7a 5.5b 3.6a 5.5b 0.21 <0.001 
C 18:1 cis-9 26.7a 22.1b 26.8a 21.9b 0.50 <0.001 
C 18:2 n-6 1.8 1.6 1.7 1.5 0.05 0.089 
CLA(cis-9, trans11) 1.02a 1.45b 0.96a 1.50b 0.06 <0.001 
C 18:3 n-3 0.37a 0.61b 0.36a 0.60b 0.03 <0.001 
C 20:4 n-6 0.01 0.19 0.10 0.18 0.05 0.123 
C 20:5 n-3 EPA 0.03a 0.61b 0.04a 0.60b 0.06 <0.001 
C 22:6 n-3 DHA 0.02a 0.69b 0.03a 0.66b 0.07 <0.001 
Day 90  
C 16:0 24.7 24.8 24.9 24.7 0.08 0.798 
C 18:0 13.3 13.1 13.0 12.8 0.07 0.103 
C 18:1 trans 3.25 3.05 3.25 3.05 0.05 0.368 
C 18:1 cis-9 25.9 25.7 25.7 25.7 0.11 0.897 
C 18:2 n-6 1.4 1.4 1.4 1.3 0.04 0.603 
CLA (cis-9, trans-
11) 

0.96 0.95 0.95 0.96 0.006 0.990 

C 18:3 n-3 0.32 0.30 0.30 0.29 0.006 0.350 
C 20:4 n-6 0.08 0.08 0.07 0.09 0.003 0.084 
C 20:5 n-3 0.03 0.09 0.03 0.02 0.001 0.476 
C 22:6 n-3 0.02 0.02 0.02 0.01 0.002 0.660 
ab Means within row with different superscripts differ (P<0.05) 

 

As expected, the inclusion of FO in pregnant ewes in late pregnancy period 

led to increase in C18:1 trans, CLA (cis-9, trans-11), C18:3 (n-3), EPA C20:5 (n-3) 

and DHA C22:6 (n-3) and decrease in C16:0, C18:0 and C18:1 cis-9 , without 

effect in C 18:2 n-6 and C 20:4 n-6. Agreement with previous results in dairy 

cattle, Shingfield et al. (2003), reported the inoculation of FO in dairy cattle led to 

increase amount of 20:5n-3 and 22:6n-3 in milk. 

Many studies reported the supplementation of rumen-protected marine oil, 

which is rich in EPA and DHA, was able to noticeably increase the concentration 

of these LCFA in milk fat compared with that of milk from untreated sheep 

(Mozzon et al. 2002; Kitessa et al. 2003; Ferreira et al. 2011). Nevertheless, the 
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transfer of EPA and DHA from the diet into milk was markedly higher than that 

reported for dairy cows (Lock and Bauman, 2004) and dairy goats (Kitessa et al. 

2001). Another study found the 20:5n-3 and 22:6n-3 exceeding 0.2 g/100 g of milk 

FA when FO was added to the diet at 2% of DM (AbuGhazaleh et al. 2002). In 

agreement to results observed by Capper et al. (2007), in the current study the 

concentration of C16:0 within milk fat appeared to be depressed in ewes offered 

FO. However, rather than a depressive effect of PUFA supplementation per se, this 

may be attributed to the high dietary concentration of this FA in the diets that have 

PO in late pregnancy. 

The transfer of EPA and DHA to milk is agreement with Gulati et al. 

(1999) and Capper et al. (2007), Gulati et al. (1999) reported that EPA and DHA 

were transferred into milk at rates between 6.8% and 8.1% of dietary intake, 

Capper et al. (2007) reported that transfer 10% for EPA and 17% for DHA in ewes 

fed FO. 

In present study, the increase of CLA (cis-9, trans-11) led to increase in 

18:1 trans in milk fat,  induced by 18:1 trans which is mainly endogenously 

produced by the mammary desaturation of 18:1 trans by stearoy l-CoA desaturase 

enzyme (Bauman and Griinari, 2001), and by inhibition of 18:1 trans- 

biohydrogenation in the rumen (Shingfield et al. 2003). In present study, there was 

no effect of FO supplementation of ewes in the 90 days after lambing of milk FAs 

profile. The reduction in milk production and composition were over short 

timescale, associated with the presence of FO in diet. 

 

4.2. Effects of Feeding Omega-3 Fatty Acids During Pregnancy on Lambs 
Performance 
4.2.1. Effect on Lamb Performance Before Weaning 

The effect of feeding omega-3 fatty acid during gestation on ewes and their 

lambs performance during lactation period are presented in Table 4.6. Birth weight 
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was higher (P < 0.05) for FO, POFO and FOPO than PO, without differences 

between PO and FOPO. Without any significant difference (P > 0.05) with respect 

to the lambs intake during nursing period (93.5 g), ewes intake during lactation 

period (1806 g/d), ewes BWC during lactation (-2.75 kg).  

 

Table 4.6. Effect of omega-3 fatty acids during pregnancy on ewes and their  
lambs performance during nursing period 

 Treatments SEM P-
value Parameters PO POFO FOPO FO 

Birth weight (kg) 4.3a 4.9b 4.8ab 5.0b 0.10 0.049 
Lamb intake (g/day) 93.5 93.5 93.5 93.4 0.48 1.000 
Ewes DMI during lactation 
(g/day) 

1802 1801 1802 1819 3.38 0.232 

Ewes BWC during lactation 
(kg) 

-2.8 -2.8 -2.9 -2.5 0.09 0.601 

ab Means within row with different superscripts differ (P<0.05) 
 

Birth weight of the lambs born to ewes fed FO during gestation period was 

higher than PO. Similar to results obtained herein, Hamada et al. (2013) reported 

that supplementing ewes with FO during late pregnancy has the potential to 

increase lamb birth weight. Moreover the increase in the birth weight of lambs may 

be attributed to the long gestation period. Since a relationship between fetal growth 

rates and gestation length was existed and the foetal growth rates during the late 

stage of pregnancy were 0.15 – 0.2 kg/day. This increase in gestation length may 

be resulted in a physiologically more mature lamb at parturition.  (Nibasheka et al. 

1999; Mahboub et al. 2012). Rashid et al. (2010) showed that lambs born to FO 

supplemented ewes had greater plasma content of EPA and DHA than lambs born 

to the control ewes, which may have a beneficial effect on lamb survival rate 

through increased gestation length or enhanced neural tissue development or both. 

Although, Capper et al. (2002) and Annett et al. (2008) demonstrated no evidence 

of a lamb survival benefit due to FO supplementation. Many researchers reported 
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that inclusion of FO in diets of pregnant ewes, improved plasma content of EPA 

and DHA than lambs born from ewes not supplemented FO. The increase in 

gestation length may be associated with an increase birth weight where increasing 

birth weight of lambs that come from ewes supplemented FO and thus negatively 

correlated with mortality rates (Pickard et al. 2005; Capper et al. 2006; Rashid et 

al. 2010). Moreover, weak lambs with low birth weight were unable to suckle a 

sufficient amount of colostrum, and the immunoglobulin level in their serum was 

low. The physical weakness and low immunoglobulin lead to increased mortality in 

lambs with a low birth weight (Ahmad et al. 2000). In our results the lower 

mortality rate in groups that have a FO in diets in late pregnancy period 

(numerically),thus the increasing lamb birth weight is negatively correlated with 

mortality rates, this agree with results of many researchers supplemented ewes FO 

in late pregnancy (Childs et al. 2008b). 

The results of number of lambs, ewes lambed, lambs weaned, abortion and 

mortality are presented in Table 4.7., The treatments were not significantly 

different (P > 0.05) fornumber of lambs at lambing, ewes lambed, and lambs 

weaned, abortion and mortality.But supplementing ewes with FO at late pregnancy 

decrease ewes abortion and mortality of their lambs numerically.  

 

Table 4.7. Number of lambs, ewes lambed, lambs weaned, abortion and mortality 
 Treatments 
 PO POFO FOPO FO P-value 
Number of  lambs 18 19 18 19 0.054* 
Ewes lambed 14 16 15 16 0.180* 
Lambs weaned 15 18 16 19 0.588* 
Abortion 1 0 1 0 1.000** 
Mortality 3 1 2 0 1.000** 
* Chi-square test 
** Fisher’s exact test for cell counts less than 5. 

 

Diet high in omega-3 may improve the embryo survival by reducing 

PGF2αsynthesis which may prevent regression of the CL, allowing continued 
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secretion of P4 (Inskeep, 2004). Caldari-Torres et al. (2006) reported that 

appositive effect of n-3 on embryo survival. In our study we had a numerically 

reduce in abortion in ewes that has FO in late gestation period without effect on 

lambing rate, the lamb mortality rate before weaning in the current study was 11% 

FOPO, 5% POFO and 0% FO those rates were lower than which mentioned in 

reviews. 

The results of lamb ADGW before weaning are presented in Table 4.8. 

Lamb ADGW was greater (P < 0.05) in first 15 days for PO and FOPO than FO 

and POFO. From 15 days to 30 days no differences occurred (P > 0.05) in lamb 

ADGW. From 30 days to 60 days ADGW was greater (P < 0.05) for FO and POFO 

than PO and FOPO. In average no differences occurred (P > 0.05) in lamb ADGW. 

 

Table 4.8. Effect of FO during pregnancy on lamb ADGW before weaning 
Period (day) PO POFO FOPO FO SEM P-value 
1-15   (g) 247a 204b 258a 183b 0.006 <0.001 
15-30 (g) 245 247 253 221 0.005 0.150 
30-45 (g) 241a 287b 247a 269ab 0.006 0.034 
45-60 (g) 243a 288b 242a 272ab 0.006 0.015 
1-60   (g) 244 256 250 236 0.005 0.531 

ab Means within row with different superscripts differ (P<0.05) 

 

FO supplementation for ewes in late pregnancy and lactation period 

reduced the lamb growth rate, and this reduced as a result of reduced milk yield 

and composition (Shingfield et al. 2003; Capper et al. 2007). The milk is the only 

nutrient source available to sucking lambs within first period of life and milk yield 

and composition reduced by effect of FO in ewe’s diet. Therefore, the lamb growth 

rate also reduced (Capper et al. 2007). However, in our study the lamb ADGW 

from ewes fed FO in late pregnancy period in the first 30 days less than lamb 

ADGW for ewes fed PO in late pregnancy period, after that the lamb ADGW was 

greater for ewes that have a FO in diets in late pregnancy period, but in average no 

difference between groups in ADGW. The reduced in ADGW for lamb in the first 
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30 days may related to reduced in milk production and composition in first 30 days 

of lactation period, after that the milk production and composition same for all 

groups, and then the lamb return to the normal gain.     

 

4.2.2. Effect on Lamb Performance in Fattening Period 
No differences between groups during fattening period in lamb initial body 

weight, final body weight, weight gain and average daily gain (Table 4.9).  

 

Table 4.9. Effect of FO during pregnancy on lamb initial body weight, final body 
weight, weight gain and average daily gain during fattening period 

 PO POFO FOPO FO SEM P-value 
Initial body 
weight (kg) 

19.89 21.97 20.27 20.80 0.48 0.451* 

Final body 
weight (kg) 

39.94 41.94 40.90 41.25 0.95 0.066** 

Weight gain (kg) 20.05 19.96 20.63 20.45 0.50 0.066** 
Average daily 
gain (g/d) 

222.78 221.81 229.21 227.21 5.57 0.066** 

* ANOVA was used to primarily analyze the differences between treatment groups in term 
of the initial body weight. 

** ANCOVA with initial BW as Covariate (Random effect of initial body weight was 
significant on final BW, WG and ADG). 

 

In current study all groups had a same ration in fattening period, without 

oils to find out if the feeding dams omega-3 during pregnancy period any affect on 

their lambs performance at fattening period. These results agree with Annett et al. 

(2008) who reported that daily weight gain were not influenced by FO 

supplementation to the ewe in late gestation. Thus, even though FO 

supplementation did not improve the growth performance of lambs, the data from 

this study indicate that FO supplementation not reduce growth performance.  
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5. CONCLUSIONS 
 

The study was conducted to evaluate the effects of feeding Omega-3 

during pregnancy on maternal performance, lamb birth weight, colostrums 

production and quality, milk production and composition, lambs performance after 

birth and on milk fatty acid profile of Awassi ewes. 

Results from the study are summarized below: 

 

1. The feeding FO ration did not adversely affect animal health or nutrient 

intakes during pregnancy period, 

2. Including FO in diet of Awassi ewes during pregnancy increased gestation 

length and lamb birth weight with increased in colostrums IgG content 

especially in late gestation period, without negatively affecting BWC and 

DMI of ewes, 

3. The colostrums yield, fat and protein of ewes fed diets containing FO in 

late gestation period was decreased. 

4. The effect of inclusion FO in diet of pregnant ewes on milk production and 

composition and on lamb growth rate, where over short timescale, 

associated with the presence of FO in diet. 

5. The supplementing ewes with FO at late pregnancy decreased the abortion 

for ewes during pregnancy period and mortality of their lambs numerically, 

6. Support the sustainable use of FO to improve the milk fat content of ewes 

to decrease SFA and increase PUFA spatially n-3 PUFAs, of DHA, EPA 

and CLA, which is considered beneficial to human health. 

 

Therefore, including FO in the diets of pregnant Awassi ewes in about 

2.3% DM, did not have any adversely affect animal health or nutrient intakes, 

appears to be beneficial in terms of increased birth weight as well as improved IgG, 

in spite of negative effect on milk colostrums yield, fat and protein. Thus, it can be 
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an intervention to enhance production profitability in arid and semi-arid areas of 

the world. 

The results of the current study demonstrated that the inclusion of FO in 

diet of pregnant ewes, effect over short timescale, associated with the presence of 

FO in diet. However, the result of birth weight and mortality was very important 

for the ruminants holder to increase profitability. The reduce in milk fat is 

comfortable by consumers whose interesting in healthier food products. Thus, the 

inculcation of FO in diet of pregnant ewes, spatially in late pregnancy, may 

increase the profitability of animal holders and improve the milk quality for 

consumers without any negative effect on lamb growth weight.       

The reduce in milk fat is comfortable by consumers whose interesting in 

healthier food products. Thus, the inculcation of FO in diet of pregnant ewes, 

especially in late pregnancy, may increase the profitability of animal holders and 

improve the milk quality for consumers without any negative effect on lamb 

growth weight.       

In milk FA profile, the maternal dietary composition affected the FAs 

profile of milk in dietary ewes, our results show that it is possible to enhance ewes 

milk in n-3 PUFAs, CLA, EPA and DHA, by inclusion of FO in ewes diet during 

late gestation, which is considered beneficial to human health. Also, these findings 

support ideas that high transfer efficiencies into ewes milk for EPA and DHA than 

other species and/ or than other n-3 PUFA sources.   
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