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Effect of Adding Linseed Oil to The Diet on The Chemical 

Composition and Some Fatty Acids of Awassi Sheep Meat 

Chilled and Frozen 

 
ABSTRACT 

This study was conducted at the experimental farm, Department of 

Animal Production , College of Agriculture , University of Tikrit for the 

period from 7/10/2018 to 15/12/2018. 

 Sixteen Awassi lambs with an average body weight of 27kg and aged 

about 6—7-months were used in this investigation. The lambs were 

randomly assigned into four groups.  Each group has 4 lambs the lambs 

were placed in individual cages (1 x 1.5 m².) and the aim of this study to 

investigation the effect of supplementing linseed oil on chemical 

composition and some fatty acids of Awassi chilled and frozen sheep 

meat,the results showed high significant differences in frozen period in 

moisture content of meat compared with chilled period it was (  70.90 and 

66.82)% respectively , and the chilled period conducted high significant 

differences than the frozen period in fat content ( 9.39 and 8.15)% 

respectively. About the effect of linseed oil on fatty acids, frozen period 

conducted high significant differences in Oleic it was 33.59 % while the 

frozen period conducted a high significant differences in Linoleic and 

Arachidonic acids it was ( 4.88 and 1.19)% respectively.  

The interaction between chilled period and treatments, the first and 

second treatment conducted high significant differences on Oleic acid also 

first treatment was high in Linoleic Acid percentage. While for the 

interaction between frozen period and treatments, the fourth treatment was 

high in Oleic and Linolenic Acid percentage, the first treatment was high in 

Linoleic Acid percentage it was (5.22)%.  
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INTRODUCTION  

The main purpose of sheep rearing is meat production because it contains nutrients necessary 

for life, growth and physiological functions, and play very important role in the human nutrition by 

providing high quality of proteins, essential minerals and trace elements and vitamin B. 

(Sandro,2012). 

In addition of proteins, meat also contains a range of fats, including essential omega-3 

polyunsaturated fats. In the recent year there were an interest in the ways to manipulate the fatty acids 

composition of meat because the meat seen as a major source fatten in diets (saturated fatty acids) 

which have been implicated in diseases associated with modern life (Omar et al.2019).  

 Many experiments found that feeding vegetable oils or fish oil rich in polyunsaturated fatty acids 

decrease the content of saturated fatty acids in meat (Czauderna et al .2004) 

Falx is an oil seed produced in Canada , flax is crushed to produce linseed oil for industrial 

applications, and the resultant flaxseed meal is used as a supplements in livestock feed  but the 
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flaxseed composition (similar to most grains ) can vary based on variety , environmental factors and 

method analysis.   
Linseed oil is a high content of unsaturated fatty acids, that effect adversely to microorganism 

growth in the rumen (Jenkins et al .1993). The linseed in markets is differ in their fatty acid 

composition, and that positively effect on the performance of lambs and also on the dietary value of 

their meat. It is the richest land-base source of omega-3 that has effected some carcass characteristics. 

The major aim for this research was to identified the effect of addition different levels of linseed oil 

to dietary sheep on chemical composition and fatty acids in Awassi sheep meat. 

 

MATERIALS AND METHODS 

This study was conducted at the experimental farm, Department of Animal Production, 

College of Agriculture, University of Tikrit for the period from 7/10/2018 to 15/12/2018. 

 Sixteen Awassi lambs with an average body weight of 27kg and aged about 6—7-months were used 

in this investigation. The lambs were randomly assigned into four groups.  Each group has 4 lambs 

which were placed in individual cages (1 x 1.5 m²) Each cage was supplemented with a special feeder 

for the concentrates and the roughage feed (hay), together with in utensils for drinking water. The 

mineral salts were placed in front of the lambs during the experiment period.  

A keen consideration was also given to lamb’s health care to avoid possible diseases as they were 

prescribed with Bindazole.  

Lambs feeding: 

The lambs were fed for about a week prior to starting the experiment. The lambs initial body 

weights were taken after 12 hours fasting. Body weights were measured weekly during the 

experiment. 

The concentrated ration was fed to the lambs on the basis of  2% of their  live body  weights  and was 

given at  morning and evening meals . The hay was supplemented freely. The mineral blocks were 

placed in front of the animals during the course of the experiment. 

Treatment levels: 

      Group1 lambs were considered as a control group and were given no flaxseed oils. The other 

groups were given 0.25, 0.50 and 0.85% ml flaxseed oils as a percentage of the concentrate diet, 

respectively at the morning.   

The percentage of flaxseed oil was changed weekly depending on the increase in body weights of 

lambs until the end of the experiment. Final body weight, daily, total body gain   and some other 

measurement were taken.  

 

Table (1) shows the ingredients of the ration used in the experiment 

Feeding Materials Percentage% 

Barley 60 

Wheat Bran 35 

Corn 3 

Premix 1 

Salt 1 

 

Total weight gain: 

     Total weight gain was calculated by subtracting the primary weight of the lamb from the final 

weight in all groups. 

 Slaughtering: 

     At the end of the experiment, lambs were fasted for 12 hours with no water removal , .lambs 

weighed prior to slaughtering (Slaughter weights).  

Two Animals were slaughtered from each group and the weights of the hot carcasses were taken. 

Head, limbs and skin  
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The external offal parts head, limbs and  skin’ together  with the internal offal parts: spleen, liver, 

heart, testicles, lungs, trachea and gastrointestinal tract ,filled and empty, kidneys ,kidney fat, 

intestinal fat, and heart fat were  weighed after slaughtering the lambs.   

Chemical analysis of meat: 

Moisture content: 

     The method mentioned in AOAC (2005). Moisture calculating through the following equation: 

Moisture contents%= pre-dry sample weight – dry sample weight / pre- dry sample weight ×100 

Protein content: 

    The method mentioned in AOAC (2005) the equation is:  

Protein content% = sample weight × 6.25 × 0.0014 / 0.5       × 100 

Fat content: 

      Fat content was performed according to the method mentioned in AOAC (2005) as follows: 

Fat content % = sample weight before extraction – sample weight after extraction / sample weight 

before extraction × 100 

Ash Rating Determination: 

      The method mentioned in AOAC (2005) ash ratio was adopted to measure ash rating 

determination according to the following equation: 

Ash content% = ash weight / sample weight ×100  

Fatty Acid Determinations: 

      One gram of meat with one gram of fine quartz sand were thoroughly ground in a thick ceramic 

dish and homogenized with 5 ml distilled water. After centrifugation for 5 min, 0.5 ml of the 

supernatant was used for fatty acids extraction by adding 0.5 ml chloroform: methanol (2:1), and 

mixing 30 sec. Then was followed a centrifugation for 5 min. The supernatant was removed. The 

extract was dried with a nitrogen flow. Derivatization procedure was applied for esterification with 

methanol-acetyl chloride (4:1 v/v) for 20 min at 80º C. The method was validated. The validation 

parameters precision and sensitivity were tested. GC/MS analyses were performed for the 

determination of fatty acids in different meat samples.  

Statistical analysis 

       Two way classifications with interaction design were performed by factorial experiment (CRD) 

(SAS, 2001). And compared between means using (Duncan ,1955).  Analyze the data using the 

following linear additive model:  

ƴ𝒊𝒋𝒌 =  µ + 𝑷𝒊 + 𝑻𝒋 + 𝑷𝑻𝒊𝒋 + 𝒆𝒊𝒋𝒌 

Where: 

Ƴ𝒊𝒋𝒌 : the observation of the period and treatment 

µ  : is the overall mean effect, 

𝑷𝒊 : correspond to the main effects of factors period   
𝑻𝒋: correspond to the main effects of factors treatment  
𝑷𝑻𝒊𝒋  : is the interaction between factors period and treatment. 

𝒆𝒊𝒋𝒌  :  is   independent normally distributed random error term with zero mean and variance. 𝜎² 

 
RESULTS AND DISCUSSIONS 

Effect of adding different levels of Linseed oil on the chemical composition of the Awassi lambs' 

meat. 

Table (2) shows that the freezing significantly(P≥0.05) exceeds the cooling in terms of 

moisture content in the meat 70.90% , while no significant differences were found among the 

treatments. No significant differences were found in the interaction between cooling with the 

treatments and freezing with the treatments. These Results were agreed upon by Musella et al. (2009) 

and Gallardo et al. (2015). Whereas these Results were not consistent with what was reached by  

Al-rubeii et al. (2012). As for protein content in meat, no significant differences were observed 
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between cooling and freezing. There were no significant differences among the treatments as well as 

the interaction between freezing and treatments. As for the overlap between the cooling and the 

treatments, there was a significant difference (P≥0.05) of the fourth treatment on the second treatment 

it was 19.85%, while no significant difference of the fourth treatment with the rest of the treatments. 

There were also no significant differences between the second treatment and the first and third 

treatments. These results were consistent with the Results of Hrenandez-Calva et al. (2011); and 

Gallar et al do et al., (2015), whereas these results were not consistent with what was reached by  

Al-rubeii  et al (2012); AL-Khafaji (2016). As for the ratio of meat fat, there was a significant 

superiority (P≥0.05) of cooling at the expense of freezing it was 9.39% and the first, third and fourth 

treatments exceeded the second treatment significantly 8.92%, 9.03%, and 9.02% respectively.  

 

Table (2) Effect of added different levels of Linseed Oil on Chemical composition of meat (%). 

Ash Fat Protein Moisture  
2.09±0.21 a 9.39±0.15 a 17.70±1.21 a 66.82±1.01 b Cooling(1) 

storage 
1.81±0.25 a 8.15±0.17 b 17.35±0.19 a 70.90±0.38 a Frozen(2) 

1.88±0.30 a 8.92±0.27 a 18.17±0.31 a 69.50±0.54 a T1 

Treatments 
2.19±0.37 a 8.10±0.26 b 15.62±2.24 a 69.14±2.14 a T2 

2.13±0.34 a 9.03±0.34 a 18.08±0.48 a 68.88±0.67 a T3 

1.50±0.28 a 9.02±0.31 a 18.23±0.63 a 69.91±1.20 a T4 

2.25±0.14 ab 9.58±0.14 a 18.30±0.65 ab 68.68±0.75 ab 11 

Interaction 

2.13±0.66 ab 8.67±0.17 b 13.66±4.55 b 68.98±3.79 b 12 

1.63±0.47 ab 9.68±0.31 a 19.00±0.56 ab 67.63±0.82 cb 13 

2.13±0.31 ab 9.62±0.31 a 19.85±0.19 a 67.00±0.91 cb 14 

1.50±0.54 ab 8.27±0.18 bc 18.04±0.10 ab 70.33±0.58 ab 21 
2.25±0.43 ab 7.54±0.27 c 17.58±0.25 ab 70.31±0.59 ab 22 

2.63±0.38 a 8.37±0.38 bc 17.15±0.46 ab 70.13±0.60 ab 23 
0.88±0.13 b 8.42±0.35 b 16.63±0.25 ab 72.83±0.50 a 24 

 The different letters within the same column indicate significant differences at the level (P≥0.05). 

 

As for the interaction between cooling and the treatments, the first, third and fourth treatments 

exceeded the second treatment significantly 9.58%, 9.68%, 9.62% respectively. In case of the overlap 

between freezing and treatments, the fourth treatment significantly it was 8.42% exceeded the second 

treatment while there were not any significant differences with the rest of the treatments. There were 

no significant differences between the second treatment with the first and third treatments. These 

results were consistent with the Results of Noci et al. (2011); AL-Khafaji (2016). However, these 

results were not consistent with what was reached by Zahir (2012), Le et al. (2018). As for the 

proportion of ash in the meat there were no significant differences between cooling and freezing 

among the experimental treatments. No significant differences were observed between cooling and 

the treatments. In the case of the overlap between the freezing and the treatments, the third treatment 

significantly exceeded the fourth treatment it was 2.63, while no significant differences of the third 

treatment observed with the rest of the treatments. There were no significant differences among the 

fourth treatment with the first and second treatments and these results were consistent with the Results 

of Prado et al. (2008); And Musella et al. (2009). Whereas these results were not consistent with what 

was reached by Al-Rubeii et al. (2012); and Gallardo et al., (2015). 
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Effect of adding different levels of Linseed oil on the ratio of fatty acids in the Awassi lamb 

meat.% 

Table (3 ) shows that the effect of adding flax seed oil on the ratio of fatty acids was as follows: 

The results showed that freezing was superior (P≥0.05) to cooling with regard to the fatty acid 

(Arachidonic acid) it was 1.19% . There were no significant differences among the treatments. No 

significant differences were observed in the case of overlapping between cooling with treatments and 

freezing with treatments. As for the proportion of fatty acid (Lenolenic acid), there was no significant 

difference between cooling and freezing. As for the treatments, the fourth treatment significantly 

exceeded the rest of the treatments. For the interaction between the cooling and the treatments, the 

fourth treatment significantly exceeded (P≥0.05) the first and second treatment it was 1.88%, with 

the absence of significant differences with the third treatment. As for the overlap between the freezing 

with the treatments, the results showed that the fourth treatment significantly exceeded (P≥0.05) the 

first and second treatment it was 2.39, while no significant difference was observed with the third 

treatment. As for the fatty acid (linoleic acid), there was a significant difference (P≥0.05) of freezing 

on cooling it was 4.88 and the results of the treatments showed that the first treatment was 

significantly higher (P≥0.05) than all experimental treatments was 4.77%, and the second and fourth 

treatments significantly exceeded the third treatment was 4.46%, 4.57% respectively. As for the case 

of the overlap between cooling and treatments, the results showed a significant superiority (P≥0.05) 

of the first treatment on the second and third it was 4.32% and the superiority of the second treatment 

on the third treatment it was 4.01%. The fourth treatment significantly also exceeded the third 

treatment it was 4.12%, while there were no significant differences between the first and second 

treatments with the fourth treatments. As for the overlap between freezing and treatment, the first 

treatment exceeded the second and third treatments significantly (P≥0.05) it was 5.22% and the 

second and fourth treatments significantly (P≥0.05) exceeded the third treatment it was 4.90% , 

5.03%. As for the fatty acid (Oleic acid), cooling was significantly higher (P≥0.05) than freezing it  

was 33.59%.  

 

Table (3) Effect of adding different levels of Linseed Oil on Fatty acids of meat (%) 

Arachidonic 

acid Lenolenic acid Lenoleic acid Oleic acid  
0.30±0.00 b 1.38±0.11 a 3.92±0.11 b 33.59±0.59 a cooling (1) 

Storage 
1.19±0.01 a 1.62±0.18 a 4.88±0.09 a 23.81±0.39 b Frozen (2) 

0.74±0.17 a 1.16±0.10 b 4.77±0.17 a 29.05±2.37 a T1 

Treatment 
0.72±0.16 a 1.12±0.13 b 4.46±0.18 b 29.52±2.09 a T2 

0.75±0.17 a 1.60±0.21 b 3.81±0.23 c 27.69±2.17 b T3 

o.76±0.17 a 2.13±0.19 a 4.57±0.18 b 28.55±0.96 ab T4 

0.29±0.01 b 1.11±0.15 c 4.32±0.03 c 35.28±0.42 a 11 

Interaction 

0.29±0.01 b 1.08±0.20 c 4.01±0.08 d 35.00±0.60 a 12 

0.30±0.02 b 1.46±0.24 cb 3.23±0.09 e 33.13±1.46 b 13 

0.31±0.01 b 1.88±0.14 ab 4.12±0.05 cd 30.98±0.57 c 14 

1.19±0.03 a 1.21±0.14 cb 5.22±0.02 a 22.82±0.26 e 21 

1.15±0.02 a 1.16±0.19 cb 4.90±0.14 b 24.04±0.09 e 22 

1.20±0.02 a 1.73±0.36 cab 4.38±0.10 c 22.25±0.18 e 23 

1.20±0.02 a 2.39±0.32 a 5.03±0.11 ab 26.13±0.15 d 24 
 The different letters within the same column indicate significant differences at the level (P≥0.05). 

 

The results of the experimental treatments showed that the first and second treatment 

significantly exceeded the third treatment. The fourth treatment showed no significant differences 

with all the experimental treatments. As for the overlap between cooling and treatment, the first and 

second treatments significantly exceeded (P≥0.05) the third and fourth, them was 35.28% , 35.00% 

and the third treatment also significantly exceeded the fourth it was 33.13% while no significant 

differences were found in the first and second treatment. In the case of overlapping between freezing 
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and treatment, the fourth treatment was superior (P≥0.05) to all treatments it was 26.13%, with no 

significant differences among the first, second and third treatments. These Results were agreed upon 

by Zeweil et al. (2016); Nguyen et al. (2017). However, these Results were not consistent with those 

reached by Maddok et al. (2006); And Mapiye et al. (2013). 
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 اضافة زيت الكتان الى العليقة في التركيب الكيميائي وبعض الاحماض الدهنية للحوم اغنام العواسي المبردة والمجمدة تأثير

 وائل ابراهيم  صالح وميسلون نوفل سعود 
 جامعة تكريت   –كلية الزراعة –قسم الانتاج الحيواني 

 مستخلصلا
جامعتتتتتة تكريتتتتتت للعتتتتتتر  الواقعتتتتتة   -اجريتتتتتت لتتتتت ف القرااتتتتتة لتتتتتي سمتتتتتا االحتتتتتا/ التتتتتتااع لمستتتتتم ا نتتتتتتاج الحيتتتتتواني   كليتتتتتة الزراعتتتتتة      
كغتتتتتتتم وتراوستتتتتتتتت  27متواتتتتتتته او ان تتتتتتتتا  عوااتتتتتتتياا  سمتتتتتتتت ا  16ااتتتتتتتتتلق/ لتتتتتتتي الت ر تتتتتتتة . 2018 12 15ولغايتتتتتتتة  2018 10 7متتتتتتت  
 ت تضتتتتتمحتقستتتتتمت التتتتتم ار تتتتتع م تتتتتاميعثتتتتتم  اختتتتت  او ان تتتتتا الا تقا يتتتتتةعتتتتتق اعشتتتتتوا ياا شتتتتت ورت و عتتتتتت الحيوانتتتتتا   7تتتتتت 6عمارلتتتتتا  تتتتتي  أ 

تتتتتتم تتتتتتترقيم الحمتتتتتت س  .)الاقعتتتتتتا   العرديتتتتتةوالتر يتتتتتتة سمتتتتتت س ت وااتتتتتتلق/ لتتتتتتي لتتتتت ف الت ر تتتتتتة ن تتتتتتا/ التغ يتتتتتة  ةر عتتتتتأكتتتتتا م موعتتتتتتة 
. وكتتتتتاس ال تتتتتقس متتتتت  القرااتتتتتة لتتتتتي س تتتتتا ر ن تتتتت  م شتتتتتولة 2/  1.5 ×1قعتتتتت ) مستتتتتاسة كتتتتتا الاقعتتتتتا  العرديتتتتتة ووضتتتتتعت لتتتتتي 

تتتتتتاثير اضتتتتتالة   يتتتتتت  تتتتت ور الكتتتتتتاس علتتتتتم التركيتتتتتل الكيميتتتتتا ي و عتتتتت  الاسمتتتتتا  القلحيتتتتتة لتتتتتي لحتتتتتو/ الالحتتتتتا/ العوااتتتتتية   يتتتتتاس
 المبرد  والم مق  .

 %علتتتتتتتم التتتتتتتتوالي   66.82و  70.90أظ تتتتتتتر  الحتتتتتتتتا    تعتتتتتتتوا معاملتتتتتتتة الت ميتتتتتتتق علتتتتتتتم التبريتتتتتتتق لتتتتتتتي نستتتتتتتبة الر و تتتتتتتة ا   لغتتتتتتتت )
 % علتتتتم التتتتتوالي . أمتتتتا االحستتتتبة لتتتتتاثير 8.15و  9.39ستتتتبة التتتتقل  سيتتتت   لغتتتتت ) وتعوقتتتتت معاملتتتتة التبريتتتتق علتتتتم الت ميتتتتق لتتتتي ن

اضتتتتالة  يتتتتت  تتتت ور الكتتتتتاس التتتتم الع  تتتتة  علتتتتم نستتتتل الاسمتتتتا  القلحيتتتتة اثحتتتتا  لتتتتترا  اللتتتتزس لمتتتتق تعوقتتتتت معاملتتتتة التبريتتتتق علتتتتم 
ستتتتتبة سامضتتتتتي الليحوليتتتتت  % ت يحمتتتتتا تعوقتتتتتت معاملتتتتتة الت ميتتتتتق علتتتتتم التبريتتتتتق لتتتتتي ن 33.59الت ميتتتتتق لتتتتتي نستتتتتبة ستتتتتام  الاوليتتتتت   

 % علتتتتتتم التتتتتتتوالي ت امتتتتتتا لتتتتتتي المعتتتتتتام   لمتتتتتتق تعوقتتتتتتت المعاملتتتتتتة الاولتتتتتتم وال انيتتتتتتة 1.19و  4.88والاراكيتتتتتتقوني  سيتتتتتت  اتتتتتت لت )
علتتتتم اميتتتتة المعتتتتام   لتتتتي نستتتتبة ستتتتام  الاوليتتتت  ومعاملتتتتة الستتتتي ر  لتتتتي نستتتتبة ستتتتام  الليحوليتتتت  والمعاملتتتتة الرااعتتتتة لحتتتتام  

التبريتتتتق والمعتتتتام   لمتتتتق تعوقتتتتت المعاملتتتتة الاولتتتتم وال انيتتتتة لتتتتي نستتتتبة ستتتتام  الاوليتتتت  ومعاملتتتتة  امتتتتا التتتتتقاخ    تتتتي  الليحولحيتتتت .
الستتتتتي ر  لتتتتتي نستتتتتبة ستتتتتام  الليحوليتتتتت  علتتتتتم اتتتتتاقي المعتتتتتام   وليمتتتتتا يلتتتتت  التتتتتتقاخا  تتتتتي  الت ميتتتتتق والمعتتتتتام   لمتتتتتق تعوقتتتتتت 

م اتتتتتتاقي المعتتتتتتام   لتتتتتتي نستتتتتتبة ستتتتتتام  المعاملتتتتتتة الرااعتتتتتتة لتتتتتتي نستتتتتتبة ستتتتتتام  الاوليتتتتتت  والليحوليحيتتتتتت  ت ومعاملتتتتتتة الستتتتتتي ر  علتتتتتت
 % 5.22الليحولي  لمق ا لت 

 :  يت الكتاس ت الالحا/ العوااية ت الاسما  القلحية.الكلمات المفتاحية


