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This research investigated the effect of nutritional 

restrictions and glycerol addition on the growth 

performance of local male lambs. The experiment 

was conducted on 24 local male lambs aged 3 - 3.5 

months weighing 18±1.13 kg on average.  The 

lambs were randomly assigned to six treatment 

groups. In Phase 1, the findings showed that the 

control group was more efficient in reducing the 

cost of producing 1 kg of weight gain than the 

glycerol group. The 0% feed restriction group 

outperformed the 70% and 50% groups in most 

production traits, with the 0% and 70% groups 

showing better feed conversion ratios and lower 

production costs than the 50% group. In Phase 2, 

adding glycerol reduced dry matter intake but 

maintained the lower cost for weight gain in the 

control group. The 0% feed restriction 

outperformed other treatments in terms of weight 

and feed intake. However, the 50% feed restriction 

group showed better feed efficiency, with the best 

feed conversion ratio and production cost. For the 

combined phases of nutrition restriction and free re-

alimentation, the study found the control group had 

a significantly lower cost for producing 1 kg of 

weight gain compared to the glycerol addition 

group. Among the feed restriction treatments, the 

0% group led in effectiveness followed by the 70% 

and 50% groups in terms of weight gain, feed 

intake, and other production indicators. In 
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conclusion, the best treatment was recorded by the 

70% feed restriction without glycerol group in 

terms of lowest cost for weight gain, reduced feed 

intake, and final weight similar to the control. 

Keywords: Nutritional restriction, Glycerol, Growth performance, Male lambs. 

     تأثير مستوى التقنين الغذائي والكليسرول في أداء النمو للحملان الذكرية المحلية 
    

   *2  عمار رحيم منصور                    1  ايمن احمد حميد
   .وزارة الزراعة ،مديرية الزراعة في محافظة الأنبار 1

  .جامعة الأنبار، كلية الزراعة 2

           .، العراقكلية الزراعة، جامعة الأنبار، عمار رحيم منصور *المراسلة الى:
 ag.ammar.rahem@uoanbar.edu.iq  البريد الالكتروني:

 الخلاصة

هدفت التجربة معرفة تأثير مستوى التقنين الغذائي واضافة الكليسرول في اداء النمو للحملان الذكرية المحلية.  
التجربة   كغم.    1.13±  18شهراً، وبمتوسط وزن    3.5-3ذكرياً محلياً، تراوحت اعمارها بين  حملًا    24شملت 

أظهرت النتائج تفوقًا معنويًا   المرحلة الاولى: أهم النتائج:  .وزعت الحملان عشوائياً الى ست معاملات متساوية
إنتاج   السيطرة في خفض تكلفة  الكليسرول، كما تفوقت نسبة تقنين   1لمعاملة  كغم زيادة وزنية مقارنة بإضافة 

على  0الغذاء   على  %70  تفوقت  بدورها  والتي  في  %50،  تحسن  وسُجّل  الإنتاجية.  الصفات  معظم  في   %
الإنتاجية عند   والتكلفة  الغذائي  التحويل  بـ70% و0معامل  الثانية  %. 50  % مقارنة  أظهرت إضافة    :المرحلة 

المادة   استهلاك  في  معنويًا  انخفاضًا  في  الكليسرول  أقل  الوزن  زيادة  تكلفة  بقاء  مع  بالسيطرة،  مقارنة  الجافة 
الغذائي   التقنين  معاملة  تفوقت  السيطرة.  والمادة  0معاملة  العلف  واستهلاك  والنهائي،  الابتدائي  الوزنين  في   %

 .%0  % في كفاءة التغذية وتسجيل أفضل معامل تحويل غذائي وتكلفة إنتاج مقارنة بـ50الجافة، بينما تفوقت  
كغم زيادة وزنية    1أظهرت النتائج انخفاضًا معنويًا في تكلفة إنتاج    مرحلتي التقنين الغذائي واعادة التغذية الحرة:

لصالح معاملة السيطرة مقارنة بمعاملة إضافة الكليسرول. وفيما يخص معاملات التقنين الغذائي، تفوقت معاملة 
% في عدة مؤشرات إنتاجية شملت: الوزن النهائي، الزيادة  50%، وتفوقت الأخيرة على  70% معنويًا على  0

  .الوزنية الكلية واليومية، استهلاك العلف، استهلاك المادة الجافة، ونسبة استهلاك المادة الجافة إلى وزن الجسم 
% بدون إضافة الكليسرول، إذ حققت  70أظهرت النتائج أن أفضل معاملة كانت تقنين الغذاء بنسبة    الملخص:

       .تكلفة لزيادة الوزن، وقللت من استهلاك العلف مع الحفاظ على وزن كلي قريب من معاملة السيطرةأقل 

      .اداء النمو، الحملان الذكرية  ،التقنين الغذائي، الكليسرول كلمات مفتاحية:
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Introduction 

Nutrition is a fundamental factor in sheep farming projects, accounting for 

approximately 60–70% of total production costs, and directly influences animal 

health and product quality (19 and 33). Due to its criticality, several nutritional 

strategies have been adopted with the aim of reducing feed costs without negatively 

impacting production quality. Among these strategies is the “nutritional restriction” 

system, which is followed by a period of “free re-alimentation” to stimulate 

compensatory growth. This approach is employed in some countries to cope with 

forage shortages and rising feed prices, especially during drought seasons, and has 

been proven to lower lamb production costs (12). 

Nutritional restriction involves limiting an animal's feed intake to a level below ad 

libitum feeding (30), while compensatory growth refers to the animal's ability to 

recover lost growth during the restriction phase when high-quality, unrestricted 

feeding is resumed (3). Several studies have indicated that applying nutrition 

restriction levels of 10-40%, followed by a free re-alimentation period, can enhance 

growth rates, feed efficiency, and nutrient digestibility (1, 2 and 3). 

In this context, crude glycerin is one of the main by-products of the biodiesel 

industry (11), containing between 45–90% glycerol, depending on the raw materials 

used, production conditions, and purification level (22). Glycerol was initially used to 

treat ketosis in dairy cows, as it serves as a direct source of glucose (17). With its 

increased production and reduced global market price, researchers have explored its 

use as an alternative energy source in ruminant diets, replacing carbohydrate-rich 

ingredients such as corn (18 and 26). Subsequent studies have shown that including 

crude or high-purity glycerol at up to 30% of dietary dry matter can improve rumen 

environment, enhance lamb performance, and reduce the cost of producing one 

kilogram of live body weight (9 and 30). 

Accordingly, this study hypothesizes that incorporating high-purity glycerol into 

the diets of lambs subjected to different levels of nutrition restrictions may contribute 

to improving productive performance and reducing production costs. 

Materials and Methods 

The experiment was conducted at the Sheep Field of the Department of Animal 

Production, College of Agriculture, University of Anbar (latitude 33.42°N, longitude 

43.33°E), in accordance with experimental procedures approved by its Scientific 

Research Ethics Committee (approval number: 236/2024). The trial covered 84 days, 

from April 1 to June 23, 2024, and involved 24 local male lambs aged 3 to 3.5 

months weighing an average 18 ± 1.13 kg. The lambs were purchased from a sheep 

breeder in the city of Rutba, western Iraq, and randomly assigned to six experimental 

treatments of four lambs each. They were housed in a fenced barn composed of an 

open area and a shaded section, and each lamb was placed in an individual iron pen 

measuring 150 × 100 × 110 cm, equipped with a plastic feeder and water bucket.  

All necessary tools and equipment required for conducting the practical aspects of 

the experiment were available on site. The experimental lambs were tagged with 

plastic ear numbers for identification. Prior to the start of the trial, the animals were 
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examined and treated with the necessary vaccines and veterinary pharmaceuticals. In 

addition, mineral salt blocks were provided for each lamb throughout the experiment. 

All the lambs underwent a 14-day adaptation phase to allow them to acclimate to the 

individual pens and the new diet. During this period, they were gradually transitioned 

to a locally formulated total mixed ration (TMR) prepared based on the feed 

ingredients and proportions (Table 1) and chemical composition as shown in Table 2.  

On the first day, each lamb was offered 500 g of alfalfa hay and 100 g of TMR. 

The amount of hay was then gradually reduced while the TMR portion was increased 

until the lambs fully adapted and were completely dependent on the new diet. The 

free-feed intake determination phase lasted seven days to determine the average daily 

free-feed intake. The feed was offered once daily at 9:00 a.m. On the following day, 

at the same time, the leftover feed was weighed and subtracted from the amount 

initially offered to determine the amount of feed consumed freely per lamb per day. 

This was done to establish the nutrition restriction level used in the experiment. The 

experimental lambs were randomly divided into six equal treatments of 4 lambs each 

and housed in individual pens.  

Table 1: Ingredients and proportions of the experimental diet. 

Feed ingredient Diet 1 (%) Diet 2 (%) 

Yellow corn 15 10 

Wheat flour 10 8.8 

Wheat bran 22 22 

Barley 19 19 

Soybean meal 46 10 11.2 

Sunflower oil 1 1 

Limestone 1 1 

Salt 1 1 

Antitoxin 0.2 0.2 

Premix 0.8 0.8 

Glycerol 0 5 

Alfalfa hay 20 20 

Total 100 100 

Table 2: Chemical analysis of the experimental diet. 

Chemical composition No glycerol  

diet (%) 

Glycerol included 

in diet (%) 

Dry matter (DM) 88.44 88.44 

Crude protein (CP) 13.6 14.11 

Crude fat (ether extract) (EE) 2.77 2.67 

Crude fiber (CF) 11.11 12.3 

Ash 5.89 5.86 

Nitrogen Free Extract (NFE) 55.07 53.5 

*Metabolizable energy ME (MJ/kg dry matter)  12.80 12.81 

The ration analysis was conducted at the labs of the Erbil Feed Company. *Metabolizable energy was 

estimated based on the equation (16):  

ME (MJ/kg DM) = 0.31CP+0.21EE+0.4NFE 
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The experiment was conducted over 84 days divided into two equal phases:  

The first phase (42 days) involving dietary restriction comprised the following 

treatments: 

1st (T1):  0% glycerol + 0% nutrition restriction,  

2nd (T2): 0% glycerol + 30% nutrition restriction, 

3rd (T3):  0% glycerol + 50% nutrition restriction, 

4th (T4):  5% glycerol + 0% nutrition restriction, 

5th (T5):  5% glycerol + 30% nutrition restriction, and  

6th (T6):  5% glycerol + 50% nutrition restriction. 

The second phase involved free re-alimentation (42 days) where feed was 

provided ad libitum for all treatments until the end of the experiment. 

Field Measurements: 

1. Lamb Weight: The experimental lambs were weighed weekly until the end of 

the trial. Weighing was conducted early in the morning before offering feed and 

water using a 200-kg field electronic scale. 

2. Total Weight Gain  

Calculated as follows (5): Total Weight Gain (kg) = Final weight - Initial 

weight 

3. Daily Weight Gain 

Calculated as follows (20): 

Daily Weight Gain (g) = Total weight gain/Duration (days)  

4. Daily Feed Intake 

Calculated as follows (4): 

       Daily Feed Intake (g) = Amount of feed offered – Amount of feed remaining 

5. Dry Matter Consumption Rate 

Calculated as follows (4):  

Daily Dry Matter Consumption (g) = Daily feed intake × Dry matter 

percentage in the diet 

6. Food Conversion Factor 

Calculated as follows (20): 

Food Conversion Efficiency (kg dry matter consumed per kg weight 

gain) = Daily dry matter intake/Daily weight gain 

7. Feed Efficiency 

Calculated as follows (4):   

       Weight Gain Per Kg Dry Matter Consumed = Daily weight gain/Daily 

dry matter intake 

8. Dry Matter Intake as a Percentage of Body Weight  

Calculated as follows (6):  

Feed Intake Percentage = (Daily Dry Matter Intake/Final Weight) × 100 

9. Cost of Producing 1 kg of Weight Gain 

Calculated as follows: 

Cost of Producing 1 kg Weight Gain = Total feed consumed during the 

trial/(Final weight – Initial weight) × Cost per kg of feed 
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Statistical Analysis: Statistical analysis was conducted using a two-way ANOVA, 

where the first factor examined the effect of nutritional restriction treatments on the 

studied traits, and the second assessed the effect of glycerol supplementation in the 

feed on the studied traits. General Linear Model (GLM) was applied using SAS 

statistical software version 9.4 (31). Significant differences between means were 

tested using Duncan’s multiple- range test (15). 

Results and Discussion 

First Phase (42 days): The results of this study (Table 3) on the addition of 

glycerol to the diet showed no significant differences between the 5% and 0% 

glycerol treatments in terms of final weight, total weight gain, and daily weight gain 

during the 42-day feeding period. These results are consistent with (25 and 29) who 

also reported no significant differences but contrast with (14, 28 and 30) who noted 

much improvements in the same parameters. This difference in the results may be 

attributed to variations in the glycerol’s purity, the amounts used, the method of 

administration, as well as the composition of the diet (27). These studies did not align 

with the current study. The likely reason for the discrepancy is that glycerol was 

added to the lambs' diet at higher concentrations in the other studies resulting in 

improvements in the parameters studied compared to the control treatment. 

The results on the effect of nutrition restrictions showed a significant decrease in 

the final weight of lambs at higher restriction levels, with values of 32.8, 28.1, and 

25.2 kg for the 0%, 30%, and 50% levels, respectively. Similarly, both total (12.4, 

7.9, and 4.6 kg) and daily (295, 188, and 109 g) weight gains decreased with 

increasing severity of nutrition restriction. Compared to lambs fed ad libitum, those 

consuming less than the maximum dry matter intake experienced reduced daily 

weight gain due to insufficient nutrient intake to support normal growth and 

development. These findings are consistent with several earlier studies (1, 3 and 23). 

However, they contradict the findings of (7) who reported that nutrition restriction 

severity did not affect weight gain. (13 and 33) noted that the reductions in body 

weight gain during nutrition restriction is a nutritional response, resulting in 

inadequate intake of essential nutrients necessary for supporting rapid growth and 

development in animals. The discrepancy between the current study results and those 

of (7) may be attributed to differences in the severity of the nutrition restriction 

applied. 
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Table 3: Effect of nutritional restriction level and glycerol on growth 

performance of the lambs during the nutritional restriction phase (42 days). 

Treatments Parameters 

Weight (kg) Weight gain 

Initial Final  Total (kg) Daily (g/day) 

Glycerol 0% 20.6 29.1 8.5 202 

5% 20.2 28.3 8.1 192 

Sig. level of added glycerol NS NS NS NS 

Nutritional restriction 0% 20.4 32.8a 12.4a 295a 

30% 20.2 28.1b 7.9b 188b 

50% 20.6 25.2c 4.6c 109c 

Sig. level of diet restriction NS 0.0001 0.0001 0.0001 

Glycerol and restriction 

interaction 

Glycerol 0% + 

Restriction 0% 

20.2 32.3 12.1 288 

Glycerol 0% + 

Restriction 30% 

21.3 29.4 8.1 192 

Glycerol 0% + 

Restriction 50% 

20.4 25.7 5.3 126 

Glycerol 5% + 

Restriction 0% 

20.6 33.4 12.8 304 

Glycerol 5% + 

Restriction 30% 

19.2 26.8 7.6 180 

Glycerol 5% + 

Restriction 50% 

20.8 24.6 3.81 90 

Sig. level of interaction NS NS NS NS 

Standard Error Mean 0.3523 0.7531 0.7124 16.96 

NS: Non-significant. 

a, b, c: Means in the same column with different letters differ (P<0.01). 

As for the interaction between nutritional restriction level and glycerol 

supplementation, the results showed no significant differences in final weight, total 

weight gain, and daily weight gain. No previous studies were available on the effect 

of the interaction between the two factors on growth performance in lambs. 

No significant differences were seen between the 5% and 0% glycerol treatments 

in terms of daily feed intake, daily dry matter intake, feed conversion ratio, feed 

efficiency, and dry matter intake as a percentage of body weight (Table 4). However, 

the 5% treatment recorded a higher feeding cost for producing 1 kg of weight gain, at 

4625 Iraqi dinars, compared to the 0% treatment (2993 Iraqi dinars). It appears that 

adding 5% glycerol to the dry matter of the feed did not affect the feeding 

performance parameters. This result is consistent with (25 and 28) but varies with (29 

and 30) who reported a significant decrease in dry matter intake with increased 

glycerol levels in the feed and a significant improvement in feed conversion 

efficiency.  

This difference may be attributed to variations in glycerol purity and amounts 

applied, the nature and composition of the feed, and the method of glycerol 

administration. The feeding cost for producing 1 kg of weight gain was higher in the 

5% than in the 0% glycerol treatment. This result differs from (30) where the cost 

decreased in the 10% and 5% glycerol treatments by USD1.92 and USD2.5, 

respectively compared to USD3.28 in the control treatment. This discrepancy may be 
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attributed to the high cost of the imported glycerol, which is reflected in the increased 

cost of the feed used in the study. 

Table 4: Effect of nutritional restriction level and glycerol on feeding 

performance of lambs during the nutritional restriction phase (42 days). 

Treatments Parameters 

Intake Feed 

conversion 

ratio 

Feeding 

efficiency 

(g/kg) 

Dry matter 

intake of  

 )%(body 

weight 

Cost of 

producing  

1kg weight 

gain (IDQ) 

Feed 

(g/day) 

Dry 

matter 

(g/day) 

Glycerol 0% 951 863.7 4.44 232 2.91 2993 b 

5% 957 863.9 4.95 212 2.98 4625 a 

Sig. level of added glycerol NS NS NS NS NS 0.0001 

Nutritional 

restriction 

0% 1368 a 1230 a 4.15 b 241 a 3.73 a 3356 b 

30% 870 b 793 b 4.30 b 235 a 2.85 b 3473 b 

50% 624 c 568 c 5.63 a 189 b 2.26 c 4598 a 

Sig. level of diet restriction 0.0001 0.0001 0.0042 0.0277 0.0001 0.0023 

Glycerol 

and 

restriction 

interaction  

Glycerol 0%+ 

Restriction 0% 

1357 1228 4.27 234 3.80 2900 c 

Glycerol 0%+ 

Restriction 30% 

873 795 4.15 243 2.72 2799 c 

Glycerol 0%+ 

Restriction 50% 

624 568 4.90 219 2.22 3280 bc 

Glycerol 5%+ 

Restriction 0% 

1378 1232 4.02 248 3.67 3813 bc 

Glycerol 5%+ 

Restriction 30% 

868 791 4.45 227 2.97 4148 b 

Glycerol 5%+ 

Restriction 50% 

624 568 6.37 159 2.30 5915 a 

Sig. level of interaction NS NS NS NS NS 0.0454 

Standard Error Mean 66.34 58.82 0.2259 0.0092 0.1325 250.12 

NS: Non-significant. 

a, b, c: Means in the same column with different letters differ (P<0.01). 

As for the effect of nutritional restriction levels on feeding performance, the 

results showed an inverse relationship between daily feed intake of 1368, 870, and 

624 g/day and the 0%, 30%, and 50% nutritional restriction levels, respectively. 

Similarly, daily dry matter intake decreased by 1230, 870, and 568 g/day as the 

nutritional restriction level increased. As for the feed conversion ratio, no significant 

differences were found between the 0% (4.15) and the 30% nutritional restriction 

level (4.30), while the ratio increased significantly by 5.63 at the 50% level. 

Likewise, there were no significant differences in feed efficiency between the 0% 

(241 g/kg) and the 30% nutritional restriction level (235 g/kg), while it decreased 

significantly by 189 g/kg at the 50% level. Significant differences were observed in 

the dry matter intake as a percentage of body weight, with values of 3.73%, 2.85%, 

and 2.26% respectively for the 0%, 30%, and 50% nutritional restriction levels.  

For the feeding cost to produce 1 kg of weight gain, no significant differences 

were found between the 0% nutritional restriction level (3356 Iraqi dinars) and the 

30% level (3473 Iraqi dinars), though it increased markedly at the 50% level (5498 

Iraqi dinars). This is consistent with several previous studies which show a decrease 
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in dry matter intake and feed efficiency along with an increase in the feed conversion 

ratio during the nutritional restriction phase at restriction levels of 10 - 40% (1, 3, 7 

and 23). For the interaction between glycerol supplementation and nutritional 

restriction on feeding performance, there were no significant differences between all 

interactions in daily feed intake, daily dry matter intake, feed conversion ratio, and 

feed efficiency. However, major differences were observed in the feeding cost to 

produce 1 kg of weight gain between the interactions with the 5% glycerol +50% 

nutritional restriction being the most costly at 5915 Iraqi dinars and the 0% glycerol 

+0% nutrition restriction being the cheapest at 2900 Iraqi dinars. 

Second Phase (42 days): The results of this study (Table 5) on the addition of 

glycerol to the diet showed no significant differences between the 5% and 0% 

glycerol treatments in terms of final weight, total weight gain, and daily weight gain 

during the 42-day re-alimentation phase. On the effect of nutritional restriction levels 

during this phase, a significant decrease occurred in the initial weight of lambs in the 

30% and 50% restriction treatments at 28.1 kg and 25.2 kg, respectively compared to 

the 0% treatment (32.8 kg). This is a natural outcome since these weights were 

obtained from the nutritional restriction phase. Significant differences were observed 

in the lambs’ final weights between the 0% nutritional restriction treatment (44.1 kg) 

and both the 30% (39.3 kg) and 50% (36.9 kg) treatments.  

No significant differences were found in the final weight between the 30% and 

50% nutritional restriction treatments. This may be because the 42-day re-

alimentation period was not long enough for the lambs subjected to the 30% and 50% 

restriction levels to regain their weight as in the ad-libitum feeding group. This result 

agrees with the findings of (23).  

No significant differences were recorded in total and daily weight gains between 

the three nutritional restriction treatments, similar to the findings reported by (1, 3, 7 

and 23). Regarding the interaction between nutritional restriction level and glycerol 

addition, the results showed no significant differences between all interactions in final 

weights, as well as total and daily weight gains.  
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Table 5: The effect of nutritional restriction level and glycerol on the growth 

performance of lambs during the re-alimentation phase (42 days). 

Treatments Parameters 

Weight (kg) Weight gain 

Initial 

(kg) 

Final  

(kg) 

Total (kg) Daily (g/day) 

Glycerol 0% 29.1 40.4 11.2 267 

5% 28.3 39.9 11.5 275 

Sig. level of added glycerol NS NS NS NS 

Nutritional restriction 0% 32.8 a 44.1 a 11.3 268 

30% 28.1 b 39.3 b 11.1 266 

50% 25.2 c 36.9 b 11.7 279 

Sig. level of diet restriction 0.0001 0.0001 NS NS 

Glycerol and restriction  

interaction 

Glycerol 0%+  

Restriction 0% 

32.3 42.8 10.5 250 

Glycerol 0%+  

Restriction 30% 

29.4 41.3 11.8 282 

Glycerol 0%+  

Restriction 50% 

25.7 37.1 11.4 271 

Glycerol 5%+  

Restriction 0% 

33.4 45.5 12.1 287 

Glycerol 5%+  

Restriction 30% 

26.8 37.3 10.5 251 

Glycerol 5%+  

Restriction 50% 

24.6 36.7 12 287 

Sig. level of interaction NS NS NS NS 

Standard Error Mean 0.7531 0.7531 0.8786 0.3964 

NS: Non-significant. 

a, b, c: Means in the same column with different letters differ (P<0.01). 

The results in Table 6 regarding the addition of glycerol to feed showed no 

significant differences between the 5% and 0% glycerol treatments in terms of daily 

feed intake, daily dry matter intake, feed conversion ratio, and feeding efficiency. 

However, dry matter intake percentage based on body weight decreased considerably 

in the 5% (2.93%) compared to the 0% (3.14%) glycerol treatments. The former 

recorded the highest feeding cost to produce 1 kg of weight gain at 4303 Iraqi Dinars 

compared to 3345 Iraqi Dinars for the latter. 
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Table 6: The effect of nutritional restriction level and glycerol on the feeding 

performance of lambs during the re-alimentation phase (42 days). 

Treatments Parameters 

Intake Feed 

conversion 

ratio 

Feeding 

efficiency 

(g/kg) 

Dry matter 

intake of  

 )%(body 

weight 

Cost of 

producing 

1kg weight 

gain (IDQ) 

Feed 

(g/day) 

Dry 

matter 

(g/day) 

Glycerol 0% 1432 1266 4.85 213 3.14 a 3345 b 

5% 1379 1176 4.35 237 2.93 b 4303 a 

Sig. level of added glycerol NS NS NS NS 0.0188 0.0007 

Nutritional 

restriction 

0% 1580 a 1400 a 5.35 a 191 b 3.16 4313 a 

30% 1341 b 1182 b 4.51 b 225 ab 3.01 3749 ab 

50% 1294 b 1080 b 3.95 b 259 a 2.93 3410 b 

Sig. level of diet restriction 0.0014 0.0001 0.0032 0.0035 NS 0.0185 

Glycerol and 

restriction  

interaction 

Glycerol 

0%+ 

Restriction 

0% 

1608 1422 5.85 173 3.32 4017 

Glycerol 

0%+ 

Restriction 

30% 

1406 1243 4.42 227 3.02 3068 

Glycerol 

0%+ 

Restriction 

50% 

1283 1134 4.27 238 3.07 2952 

Glycerol 

5%+ 

Restriction 

0% 

1553 1379 4.85 208 3.00 4610 

Glycerol 

5%+ 

Restriction 

30% 

1277 1122 4.60 224 3.00 4430 

Glycerol 

5%+ 

Restriction 

50% 

1306 1027 3.62 280 2.80 3869 

Sig. level of interaction NS NS NS NS NS NS 

Standard Error Mean 37.20 36.15 0.1890 0.0090 0.0090 167.062 

NS: Non-significant. 

a, b, c: Means in the same column with different letters differ (P<0.01). 

The results on the level of dietary restrictions during the free feeding period 

showed a significant decrease in daily feed intake for the 30% (1341 g/day) and the 

50% (1294 g/day) treatments compared to the 0% treatment at 1580 g/day. Similarly, 

feed and dry matter intake were lower in the 30% and 50% than in the 0% restriction 

treatments. It is noted that although all lambs in the experiment had free-feeding 

conditions, the average feed and dry matter intake in the 30% and 50% restriction 

treatments remained lower than in the 0% treatment. The results for the level of 

dietary restriction during the free-feeding period showed considerable decreases in 
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daily feed intake for the 30% (1341 g/day) and the 50% (1294 g/day) restriction 

treatment compared to the 0% at 1580 g/day. Similarly, the 30% and 50% restriction 

treatments differed from the 0% treatment in dry matter intake. 

The average feed and dry matter intake of the lambs in the 30% and 50% 

restriction treatments was lower than in the 0% treatment under free-feeding 

conditions could be attributed to restrictions decreasing the size of internal organs, 

particularly the liver and digestive tract (4 and 21). During the free-feeding phase, the 

lambs under dietary restriction felt mechanical or chemical satiety with a smaller 

quantity of feed than those under free-feeding conditions. 

This result aligns with (23) who noted a significant decrease in daily dry matter 

intake for the 25% and 40% restriction treatments compared to the free feeding 

treatment for both groups of lambs, whose average weights at the start of dietary 

restriction were 20 and 25 kg, respectively. However, this result does not agree with 

(1) who found no significant differences in dry matter intake between the free feeding 

treatment and the 25% and 40% restriction treatments in Najdi lambs, whose average 

weights at the start of dietary restriction were 30 kg and 36 kg. 

Likewise, (3) did not observe significant differences in dry matter intake during 

the free feeding and the 10% and 20% restriction treatments in Najdi lambs while (7) 

noted the same in the 25% dietary restriction treatment during the free-feeding phase. 

The variation in these results may be attributed to differences in breed, age, sex, 

initial weight at the start of dietary restriction, level of dietary restriction, duration of 

dietary restriction and free feeding phase, and diet type (ratio of concentrates to 

roughage) (8 and 24). Regarding the feed conversion ratio (FCR) during the free 

feeding period, significant differences were observed between the 0% (at 5.35), 30% 

(4.15), and the 50% (3.95) restriction treatments. No differences in FCR were found 

between the 30% and 50% restriction treatments, suggesting that they were more 

efficient in feed conversion than the 0% restriction treatment. Likewise, the 50% 

restriction treatment recorded the highest feeding efficiency (259 g weight gain per 

kg dry matter consumed) compared to the 0% treatment (191 g weight gain per kg 

dry matter consumed). However, no significant differences in feeding efficiency were 

observed between the 30% and 50% restriction treatments. 

During the free feeding period, the 30% and 50% restriction treatments responded 

to compensatory growth, as evidenced by the improvement in feed conversion and 

feeding efficiency. This was reflected in total weight gain, similar to the 0% 

restriction treatment. This result is supported by (4) who noted that animals 

undergoing compensatory growth are more efficient at utilizing feed than normal-

growth ones. These findings are consistent with those reported in several previous 

studies (1 and 3), but not those of (7) who did not observe significant differences in 

the FCR and feeding efficiency between the 25% dietary restriction and free feeding 

treatments during the free feeding phase. No significant differences were found in the 

dry matter intake as a percentage of body weight at 3.16%, 3.01%, and 2.93% for the 

0%, 30%, and 50% dietary restriction treatments, respectively. 

This result is consistent with (7 and 23). Significant differences were observed in 

feeding costs, at 4313, 3749, and 3410 dinars for producing 1 kg of weight gain, for 

the 0%, 30%, and 50% dietary restriction treatments, respectively. Regarding the 
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interaction between glycerol supplementation and dietary restriction, no significant 

differences in feed intake, dry matter intake, FCR, feeding efficiency, dry matter 

intake as a percentage of body weight, or the cost of feeding to produce 1 kg of 

weight gain were seen across all interactions. This is consistent with the findings 

during the dietary restriction phase. 

Growth and feeding performance during the nutritional restriction and re-

alimentation periods (84 days): Table 7 shows that there were no significant 

differences between the 5% and 0% glycerol treatments in terms of final weight, total 

weight gain, and daily weight gain during both the nutritional restriction and re-

alimentation periods (the total duration of the experiment). Adding glycerol at 5% of 

the dry matter in the diet did not affect the growth performance of local male lambs, 

possibly because the level was inadequate to significantly affect their growth and 

feeding performance. Alternatively, it might be due to the nature of the diet used in 

the experiment, which consisted of 80% rapidly fermentable concentrates and 20% 

alfalfa hay (80 concentrate: 20 roughage). (10) stated that glycerol may enhance 

digestibility in roughage-based diets, but might have a marginal effect on the 

digestibility of highly fermentable concentrate-based diets. 

The results of this study showed significant differences in the final weight of the 

lambs, which reached 44.1, 39.3, and 36.9 kg for the 0%, 30%, and 50% nutritional 

restriction treatments, respectively over the total duration of the experiment. 

However, there was no significant difference in final weight between the 30% and 

50% restriction treatments. Similarly, significant differences were observed in total 

weight gain at 23.7, 19, and 16.2 kg and daily weight gain at 282, 226, and 193g for 

the 0%, 30%, and 50% restriction treatments, respectively. 
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Table 7: Effect of nutritional restriction level and glycerol on the growth 

performance of lambs during the nutritional restriction and re-alimentation 

periods (84 days). 

Treatments Parameters 

Weight (kg) Weight gain 

Initial Final  Total (kg) Daily (g/day) 

Glycerol 0% 20.6 40.4 19.7 234 

5% 20.2 39.9 19.6 233 

Sig. level of added glycerol NS NS NS NS 

Nutritional restriction 0% 20.4 44.1 a 23.7 a 282 a 

30% 20.2 39.3 b 19 b 226 b 

50% 20.6 36.9 b 16.2 c 193 c 

Sig. level of diet restriction NS 0.0004 0.0001 0.0001 

Glycerol and restriction  

interaction 

Glycerol 0%+  

Restriction 0% 

20.2 42.8 22.5 268 

Glycerol 0%+  

Restriction 30% 

21.3 41.3 19.9 238 

Glycerol 0%+  

Restriction 50% 

20.4 37.1 16.6 198 

Glycerol 5%+  

Restriction 0% 

20.6 45.5 24.9 296 

Glycerol 5%+  

Restriction 30% 

19.2 37.3 18.1 215 

Glycerol 5%+  

Restriction 50% 

20.8 36.7 15.9 189 

Sig. level of interaction NS NS NS NS 

Standard Error Mean 0.3523 0.8786 0.7792 9.2866 

NS: Non-significant. 

a, b, c: Means in the same column with different letters differ (P<0.01). 

The results indicate that the 42-day 30% and 50% nutritional restriction treatments 

followed by 42 days of re-alimentation, despite achieving compensatory growth 

during the latter period, did not reach the same final weights as the lambs in the 0% 

restriction treatment. This may be because the re-alimentation period was insufficient 

to allow the lambs to fully compensate for the weight lost during the nutritional 

restriction phase. This finding is consistent with (3) that subjecting lambs to a 20% 

nutritional restriction for six weeks followed by two weeks of re-alimentation, was 

insufficient for complete weight compensation during the total experimental period. 

This study’s findings, however, do not align with (7), who found that a 25% 

nutritional restriction for 42 days followed by 27 days of re-alimentation had no 

negative effect on lamb growth performance. Nonetheless, weight recovery trends 

after re-alimentation in growing lambs may depend on the duration of the re-

alimentation period. The results of this study showed that the interaction between 

nutritional restriction level and glycerol supplementation had no significant effect on 

final weight, total weight gain, or daily weight gain across all treatment 

combinations. 

The results in Table 8 on showed no significant differences between the 5% and 

0% glycerol diet treatments in terms of daily feed intake, daily dry matter intake, feed 

conversion ratio, feed efficiency, or dry matter intake as a percentage of body weight. 
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However, the 5% glycerol treatment recorded a higher feeding cost per 1 kg weight 

gain (4,263 Iraqi dinars) than the 0% treatment at 3,088 Iraqi dinars. This aligns with 

previous findings observed during the nutritional restriction and re-alimentation 

periods. 

Regarding the effect of nutritional restriction level on feeding performance over 

the whole experimental period, a significant decrease in daily feed intake was 

observed with higher levels of nutritional restrictions at 1,474, 1,106, and 959 g/day 

for the 0%, 30%, and 50% restriction treatments, respectively. Similarly, daily dry 

matter intake decreased as nutritional restriction increased, reaching 1,315, 987, and 

824 g/day for the 0%, 30%, and 50% restriction treatments, respectively. 

No significant differences were recorded in feed conversion ratio, feed efficiency, 

or the cost of producing 1 kg weight gain. However, significant differences were 

observed in dry matter intake as a percentage of body weight between the 0%, 30%, 

and 50% restriction treatments at 2.98%, 2.51%, and 2.23%, respectively. 

Table 8: Effect of level of nutritional restriction and glycerol on feeding 

performance of lambs during nutritional restriction and re-alimentation periods 

(84 days). 

Treatments Parameters 

Intake Feed 

conversion 

ratio 

Feeding 

efficiency 

(g/kg) 

Dry matter 

intake of  

( )%  body 

weight 

Cost of 

producing 1kg 

weight gain 

(IDQ) 

Feed 

(g/day) 

Dry 

matter 

(g/day) 

Glycerol 0% 1191 1065 4.50 222 2.61 3088 b 

5% 1168 1020 4.40 230 2.54 4263 a 

Sig. level of added glycerol NS NS NS NS NS 0.0001 

Nutritional 

restriction 

0% 1474 a 1315 a 4.67 215 2.98 a 3775 

30% 1106 b 987 b 4.38 229 2.51 b 3606 

50% 959 c 824 c 4.30 235 2.23 c 3645 

Sig. level of diet restriction 0.0001 0.0001 NS NS 0.0001 NS 

 

 

Glycerol and 

restriction 

interaction 

Glycerol 0%+ 

Restriction 0% 

1482 1325 4.92 202 3.10 3369 

Glycerol 0%+ 

Restriction 30% 

1139 1018 4.30 233 2.45 2951 

Glycerol 0%+ 

Restriction 50% 

953 851 4.30 232 2.30 2942 

Glycerol 5%+ 

Restriction 0% 

1466 1305 4.42 227 2.87 4181 

Glycerol 5%+ 

Restriction 30% 

1073 956 4.47 225 2.57 4261 

Glycerol 5%+ 

Restriction 50% 

965 798 4.30 237 2.17 4347 

Sig. level of interaction NS NS NS NS NS NS 

Standard Error Mean 49.173 45.763 0.0916 0.00470 0.0722 141.49 

NS: Non-significant. 

a, b, c: Means in the same column with different letters differ (P<0.01). 

The results of feeding performance over the total experiment duration indicate 

that, although lambs in the 30% and 50% nutritional restriction treatments did not 

reach final weights comparable to those in the 0% treatment, their feed conversion 
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ratio and feeding efficiency were mainly similar. Also, the interaction between 

nutritional restriction level and glycerol addition had no significant effect on any 

feeding performance parameters across all interactions throughout the experiment. 

Conclusions 

This study concluded that adding glycerol at a 5% level to the diet did not improve 

the growth or feeding performance of local male lambs. Additionally, implementing a 

42-day 30% nutritional restriction period followed by a similar free re-alimentation 

duration could be a viable strategy to reduce feeding costs and enhance feed 

utilization efficiency.  
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