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SUMMARY 

 

n experiment was designed to investigate the effect of feeding two crude protein levels (PL): 

Required protein level (RPL), 2% lower (LPL) and two organic acids (OA; citric, CA and 

fumaric, FUA) each at 0, 1.5 and 3% of the diet on the productive performance of broiler chicks 

(0-6 wks of age). Two hundred eighty-eight one-day old unsexed chicks (Cobb 500) were randomly divided 

into 12 treatments of 3 replicates (8 chicks each). Three types of corn-soybean meal diets were fed. Starter 

diet (0-3 wks of age; contained 23 and 21% crude protein, CP), grower diet (4-5 wks of age; contained 20 and 

18% CP) and finisher diet (the 6th wk of age; contained 18 and 16% CP). Diets were formulated to be 

isocaloric (3200 Kcal/Kg diet). Average daily gain (ADG) and average daily feed intake (ADFI) were 

significantly increased for most periods with RPL diets. Feed and caloric conversion ratios (FCR and CCR) 

were significantly improved with RPL (starter) or LPL diets (finisher). Crude protein conversion ratio 

(CPCR) was improved (P<0.05) with LPL diets during all periods. Dressing, meat %, and meat to bone or fat 

ratios were increased (P≤0.05) and abdominal fat % was decreased with RPL diets while LPL diets increased 

bursa and proventriculus %. Bursa % was significantly increased due to CA addition. The highest ADFI and 

the worst (P<0.05) FCR, CPCR and CCR were recorded with 0% OA diets compared with 1.5% or 3% diets. 

The highest significant dressing % and meat: fat ratio and the lowest (P<0.05) abdominal fat % were obtained 

with 1.5% OA diets. Diets supplemented with 3% OA significantly improved thymus %. Significant 

differences in growth performance and carcass criteria due to the combined effects of PL, OAT and OAL 

were obtained. Diet of RPL+ 1.5% CA increased (P<0.05) ADG (starter and finisher), percentages of giblets, 

liver, dressing, meat: fat ratio and decreased abdominal fat. However, RPL+1.5% FUA diets significantly 

improved ADG (grower and total periods), FCR, CPC and CCR. The highest values of thymus and bursa 

were reported with RPL+ 3% CA diet. No mortality was recorded with RPL or LPL+1.5 CA or FUA diets.  

Keywords: poultry; organic acids; protein levels; nutrition; productive performance. 

 

INTRODUCTION 

 

The poultry industry in Egypt has become one of the biggest agriculture industries and its 

improvement is one of the main goals of both private and public sectors. The intensive meat-type of 

poultry production increased from 118.8 million birds at the end of 2000 to 137.2 million birds by the end 

of 2010 (FAO, 2012). It is well-known that feeding cost for broiler is usually considered the most 

expensive item (70-75% of the ongoing daily costs), especially dietary protein sources. 

Efforts to reduce dietary protein level have been the subject of many investigators. Low protein diets 

are more profitable and have less impact on environmental pollution. In recent years, the high price of 

protein sources as well as environmental concerns, related to high nitrogen excretion, have resulted in 

increasing the interest of using low protein diets in broiler chickens production. Dehghani-Tafti and 

Jahanian (2016) reported that 2% of crude protein (CP) level in broiler diet could be reduced if the most 

limiting amino acids are provided at sufficient levels. However, Ragab et al. (2012) concluded that 

lowering CP level resulted in a reduction in the productive performance of chickens.  

The use of antibiotics (growth promoters) as feed additives creates a great concern for environmental 

safety and consumer’s health.  Therefore, nutritionists are trying to substitute those with different natural 
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feed additive materials, such as probiotics and/or organic acids (OA). Organic acids and their salts are 

considered safe additives and have been approved by most members of the European Union as feed 

additives in poultry nutrition with inclusion rates between 0.1 and 2%. The positive effects of using OA 

on productive performance of young chicks include their roles in controlling all beneficial and harmful 

enteritis bacteria (Wolfenden et al., 2007) were reported. Also, they have positive effects on the immunity 

systems, intestinal morphology and energy and protein utilization (Houshmand et al., 2012). 

Additionally, Ghazalah et al. (2011) and Ragab et al. (2012) noticed that nutrient digestibility, growth, 

feed conversion ratio and vitality were improved by OA supplementation. Similarly, Fascina et al. (2012) 

stated that OA has growth-promoting properties and can be used as alternatives to antibiotics. Besides, 

Adil et al. (2010) indicated that the OA supplementation had positive outcome on the performance, 

irrespective of the type and level of acid used and may be exploited as growth promoters for broiler 

chicks. Antimicrobial additives growth-enhance effects become obvious when chickens are under 

suboptimal conditions, such as a less digestible diet or a less clean environment. Thus OA may be more 

efficient when low nutrient diets were fed (Hernández et al., 2006). 

The effect of OA on broilers performance has been studied extensively; however, the interactive effect 

of dietary crude protein levels and supplemental OA types and levels was unreachable.  Thus the aim of 

the present study was to investigate the effects of feeding two types of OA (citric and fumaric) at different 

concentrations with two levels of dietary crude protein on productive performance of broiler chicks. 

 

MATERIALS AND METHODS 

 

Management and treatments 

The present study was carried out at the Poultry Research Farm, Department of Animal Production, 

Faculty of Agriculture, Suez Canal University, Ismailia, Egypt. Two hundred eighty-eight one-day old 

unsexed "Cobb 500" broiler chicks were obtained from a commercial hatchery. Chicks were wing-

banded, weighed individually and randomly distributed into 12 treatments × 3 replicates of 8 chicks each. 

The average initial live body weight of birds was almost similar (49.75±0.19g). Chicks were raised in an 

open house and caged in brooder batteries with wire mesh floors. Feed and fresh water were supplied ad-

libitum during the experimental period (6 weeks). The artificial light was provided daily for 23 hr and one 

hr of darkness throughout the experimental period. Birds were kept in the same management, hygienic 

and environmental conditions and were vaccinated against the regular poultry diseases. 

Two levels of CP [NRC 1994 required protein level (RPL) and 2% lower (low protein level, LPL)] 

and two types of OA (citric, CA and fumaric, FUA) each at 0, 1.5 and 3% of the diet were studied. Chicks 

were fed three types of corn-soybean meal diets in mash form. Starter diet (0 to 3 weeks of age; contained 

23 and 21% CP), grower diet (3 to 5 weeks of age; contained 20 and 18% CP) and finisher diet (the 6
th

 

week of age; contained 18 and 16% CP). Diets were formulated to be isocaloric (3200 Kcal ME/Kg diet). 

The composition, calculated and determined chemical analysis (A.O.A.C, 1990) of all different diets for 

starter, grower and finisher phases are shown in Table (1; a, b and c). 

Growth parameters 

Individual live body weight and feed intake for each replicate were recorded weekly using a sensitive 

digital scale. Average daily gain (ADG), average daily feed intake (ADFI) per chick, feed conversion 

ratio (FCR), crude protein conversion ratio (CPCR) and caloric conversion ratio (CCR) were calculated. 

Birds were observed daily for mortality and the accumulative mortality rate was recorded. 

Slaughtered parameters 

At the end of the experiment (6-week of age), two birds were chosen close to the average body weight 

from each replicate (six birds per treatment). Birds were kept fasted of food overnight with free access to 

water. Selected birds were individually weighed, slaughtered, bleed for 3-5 minutes and feathered. 

Inedible parts (blood, feather, head, legs and viscera), dressing, giblets and abdominal fat (F) were 

individually weighed. Proventriculus, gizzard, liver, intestine, spleen, thymus gland and bursa of fabricius 

were individually weighed and intestine length (cm) was measured. Each eviscerated carcass was 

deboned; meat (without skin) and bone were weighed. Meat (M) to bone (B) and meat to fat ratios were 

calculated. All measurements mentioned above were expressed as a percentage of live body weight of 

chosen birds except meat and bone were expressed as a percentage of eviscerated carcass weight. 
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Table (1, a). Formulation and chemical analysis (calculated and determined) of broiler starter diets 

(0-3wk). 

Diets (CP %) 23 (Required protein level) 21 (Low protein level) 

Ingredients% 

Yellow corn 

 

52.13 

 

50.00 

 

50.00 

 

57.21 

 

55.80 

 

53.00 

Soybean meal 44% 29.44 29.05 23.97 26.80 24.75 24.40 

Corn glu. Meal 60% 9.65 10.00 13.70 7.50 9.10 10.00 

Veget.oil  4.70 5.35 5.10 4.30 4.70 5.40 

Limestone 1.41 1.40 1.41 1.50 1.41 1.45 

Di-Ca phosphate 1.68 1.70 1.75 1.72 1.74 1.76 
1
Vit.+ min. premix 0.30 0.30 0.30 0.30 0.30 0.30 

NaCl 0.40 0.40 0.40 0.40 0.40 0.40 

DL- Methionine 0.10 0.10 0.06 0.09 0.08 0.07 

L-Lysine HCl 0.09 0.10 0.21 0.08 0.12 0.12 

Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10 
2
 Organic acid level 0 1.50 3.00 0 1.50 3.00 

Total 100 100 100 100 100 100 

Calculated values% 

ME (Kcal/Kg) 3208 3203 3204 3202 3206 3205 

Crude protein 23.51 23.28 23.52 21.16 21.09 21.24 

Lysine 1.108 1.104 1.105 1.018 1.013 1.005 

Methionine 0.518 0.517 0.502 0.467 0.466 0.462 

Meth+Cystine 0.911 0.907 0.900 0.829 0.831 0.829 

Calcium 1.001 1.000 1.001 1.037 1.002 1.020 

Available Phosphorus 0.450 0.450 0.451 0.451 0.450 0.451 

Determined values%  

Moisture 8.14 8.14 8.47 8.33 8.21 8.00 

Crude protein 22.90 22.75 22.78 20.71 20.69 21.06 

Crude fiber 3.50 3.51 3.53 3.59 3.47 3.75 

Ether extract 3.74 3.82 3.78 3.81 3.61 3.44 

Ash 7.12 7.25 7.50 7.69 7.73 7.33 

Nitrogen free extract 54.60 54.53 53.94 55.87 56.29 56.42 
1Supplied per kilogram of diet: Vitamin A, 12000 IU; Vitamin D3, 2000 IU; Vitamin E, 10 mg; Vitamin K3, 2.0 mg; 

Thiamin, 1.0 mg; Riboflavin, 5.0 mg; Pyridoxine, 1.5 mg; Cyanocobalamin, 0.01 mg; Pantothenic acid, 10  mg; 

Nicotinic acid, 30 mg, Folic acid, 1.0 mg; Biotin, 0.05 mg; Choline chloride, 250 mg; Cu, 10 mg; I, 1.0 mg; Fe, 30 

mg; Zn, 50 mg; Mn, 60 mg; Co, 0.1 mg; and Se, 0.1 mg.        2Citric or fumaric acids 

 

 

Statistical analysis   

Data were statistically analyzed using general linear models procedure of SAS (SAS Institute Inc., 

2006) as a factorial arrangement (2 × 2 × 3), including PL, OA types and OA levels as the main and their 

combined effects. Means comparisons were performed using Duncan’s multiple range test (5%; Duncan, 

1955). 

 

RESULTS AND DISCUSSION 
 

Growth Performance 

As shown in Tables (2 and 3) birds fed RPL diets during all feeding periods and total period gained 

and consumed feed higher than those fed LPL diets with significant (P<0.05) differences during starter, 

grower and total periods (for ADG) and grower, finisher and total periods (for ADFI). The gain 

improvement was reduced with the progress of birds' age and the corresponding values were 6.89, 5.40 

and 1.18% during starter, grower and finisher periods, respectively. This might be due that younger 

chicks grow faster and are more sensitive to protein deficiency than the older ones. Besides, the 

metabolizable energy (ME) content was the same for all diets (3200 Kcal ME/ kg diet) which elucidate 

the reason that feed data did not reveal any changes during starter phase. The best values of FCR and 

CCR were recorded by RPL diets during starter (P<0.05) and grower periods while during finisher 
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(P<0.05) and total periods the best ratios were obtained by LPL diets. However, the best significant 

(P<0.05) CPCR values were achieved by LPL diets during all periods (Table 4, 5 and 6). The increments 

in FCR, CPCR and CCR values might be due to that the chicks fed low CP diets consumed less feed and 

were grown slower. Controversial results have been documented on the effect of feeding low CP diet 

compared to the recommended CP diet for broilers. A Reduction in growth and an increase in FCR for 

birds fed low protein diets were reported (Ragab et al., 2012, and Si et al., 2004). On the other hand, 

Dehghani-Tafti and Jahanian (2016) reported that reducing dietary CP level by 2% did not adversely 

affect weight gain (during the starter and finisher periods) when the limiting amino acids were provided at 

sufficient quantities. In harmony with that, Azarnik et al. (2010) observed that dietary CP level could be 

reduced by 2% after the starter period without any detrimental influence on growth performance of 

broilers. Similarly, Kamran et al. (2011) studied the effect of reducing dietary CP by about 3% on broilers 

performance during all growth periods and found no significant differences between protein levels. 

Results of dietary CP on broiler performance varied between researchers because of the differences in 

applied management and hygiene. Microflora-specific immunoglobulin secretion could affect growth 

which in turn reduce muscle protein deposition and affect body weight gain (BWG). Besides, bacteria in 

gut compete with the host for up-taking amino acids, thereby reducing nitrogen utilization (Furuse and 

Yokota, 1985). Also, these bacteria can ferment amino acids, producing toxic metabolites which can 

affect intestinal cell turnover and growth performance (Vander Klis and Jansman, 2002).   

 

Table (1, b). Formulation and chemical analysis (calculated and determined) of broiler grower diets 

(4-5 wk). 

Diets (CP %) / 20 (Required protein level) 18 (Low protein level) 

Ingredients% 

Yellow corn 

 

60.39 

 

58.60 

 

56.21 

 

64.31 

 

61.90 

 

60.00 

Soybean meal 44% 26.00 23.81 23.49 26.00 25.07 24.00 

Corn glu. meal 60% 6.00 8.00 8.50 2.00 3.20 4.00 

Veget.oil 4.00 4.40 5.10 4.18 4.80 5.40 

Limestone 1.44 1.50 1.50 1.44 1.44 1.46 

Di-Ca phosphate 1.22 1.23 1.23 1.21 1.22 1.24 
1
Vit.+ min. premix 0.30 0.30 0.30 0.30 0.30 0.30 

NaCl 0.40 0.40 0.40 0.40 0.40 0.40 

DL- Methionine 0.03 0.01 0.01 0.04 0.03 0.03 

L-Lysine HCl 0.12 0.15 0.16 0.02 0.04 0.07 

Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10 
2
Organic acid level 0 1.50 3.00 0 1.50 3.00 

Total 100 100 100 100 100 100 

Calculated values% 

ME (Kcal/Kg) 3206 3210 3206 3201 3208 3207 

Crude protein 20.42 20.56 20.54 18.11 18.21 18.06 

Lysine 1.006 1.009 1.010 0.905 0.904 0.906 

Methionine 0.389 0.382 0.383 0.345 0.343 0.346 

Meth+Cystine 0.733 0.733 0.733 0.655 0.656 0.656 

Calcium 0.902 0.922 0.920 0.901 0.900 0.910 

Available Phosphorus 0.355 0.352 0.350 0.350 0.350 0.351 

Determined values%  

Moisture 8.05 8.05 8.44 8.11 8.19 8.30 

Crude protein 19.85 19.92 19.83 17.99 17.98 18.09 

Crude fiber 3.84 3.69 3.74 3.76 3.65 3.50 

Ether extract 3.49 3.92 3.63 3.73 3.67 3.52 

Ash 7.56 7.61 7.80 7.86 7.95 7.91 

Nitrogen free extract 57.21 56.81 56.56 58.55 58.56 58.68 
1Supplied per kilogram of diet: Vitamin A, 12000 IU; Vitamin D3, 2000 IU; Vitamin E, 10 mg; Vitamin K3, 2.0 mg; 

Thiamin, 1.0 mg; Riboflavin, 5.0 mg; Pyridoxine, 1.5 mg; Cyanocobalamin, 0.01 mg; Pantothenic acid, 10  mg; Nicotinic 

acid, 30 mg, Folic acid, 1.0 mg; Biotin, 0.05 mg; Choline chloride, 250 mg; Cu, 10 mg; I, 1.0 mg; Fe, 30 mg; Zn, 50 mg; 

Mn, 60 mg; Co, 0.1 mg; and Se, 0.1 mg.        2Citric or fumaric acids 
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Table (1, c). Formulation and chemical analysis (calculated and determined) of broiler finisher 

diets (the 6
th

 wk). 

Diets (CP %)  18 (Required protein level) 16 (Low protein level) 

Ingredients% 

Yellow corn 

 

65.00 

 

63.00 

 

60.98 

 

70.16 

 

67.50 

 

65.40 

Soybean meal 44% 26.38 24.88 23.35 23.00 23.00 22.10 

Corn glu. meal 60% 1.50 3.00 4.50 - 0.50 1.50 

Veget.oil 4.00 4.50 5.00 3.70 4.36 4.86 

Limestone 1.30 1.31 1.32 1.32 1.32 1.33 

Di-Ca phosphate 1.00 1.00 1.00 1.00 1.00 1.00 
1
Vit.+ min. premix 0.30 0.30 0.30 0.30 0.30 0.30 

NaCl 0.40 0.40 0.40 0.40 0.40 0.40 

DL- Methionine 0.02 0.01 0.01 0.02 0.02 0.01 

L-Lysine HCl - - 0.04 - - - 

Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10 
2
Organic acid level 0 1.50 3.00 0 1.50 3.00 

Total 100 100 100 100 100 100 

Calculated values% 

ME (Kcal/Kg) 3202 3204 3206 3208 3207 3201 

Crude protein 18.07 18.17 18.29 16.08 16.16 16.18 

Lysine 0.894 0.864 0.869 0.801 0.800 0.779 

Methionine 0.323 0.322 0.331 0.288 0.291 0.287 

Meth+Cystine 0.630 0.633 0.646 0.566 0.569 0.567 

Calcium 0.804 0.803 0.802 0.803 0.803 0.802 

Available Phosphorus 0.312 0.308 0.305 0.305 0.304 0.301 

Determined values%  

Moisture 7.72 8.02 8.01 7.95 8.15 7.90 

Crude protein 17.89 17.92 17.87 15.96 15.75 15.85 

Crude fiber 3.75 3.53 3.55 3.83 3.58 3.47 

Ether extract 3.54 3.44 3.57 3.44 3.68 3.70 

Ash 6.12 5.97 5.90 7.83 7.80 7.98 

Nitrogen free extract 60.98 61.12 61.10 60.99 61.04 61.10 
1Supplied per kilogram of diet: Vitamin A, 12000 IU; Vitamin D3, 2000 IU; Vitamin E, 10 mg; Vitamin K3, 2.0 mg; 

Thiamin, 1.0 mg; Riboflavin, 5.0 mg; Pyridoxine, 1.5 mg; Cyanocobalamin, 0.01 mg; Pantothenic acid, 10  mg; Nicotinic 

acid, 30 mg, Folic acid, 1.0 mg; Biotin, 0.05 mg; Choline chloride, 250 mg; Cu, 10 mg; I, 1.0 mg; Fe, 30 mg; Zn, 50 mg; 

Mn, 60 mg; Co, 0.1 mg; and Se, 0.1 mg.        2Citric or fumaric acids 

 

No significant differences were noticed between the effects of CA and FUA diets on all birds' criteria. 

Conversely, there were significant differences (P≤0.05) between organic acid levels (OAL) for all birds' 

criteria (except for ADG during finisher period). Diet supplemented with 1.5% OA increased ADG by 

2.03% in comparison with 0% OA diet during the starter period but the data failed to show any significant 

differences. However, increasing OAL to 3% reduced gain significantly (P≤0.05) compared with 1.5% 

during starter, grower and total periods in comparison with 0 and 1.5% OA diets. Birds fed 0% OA diet 

consumed significantly (P<0.05) higher feed and had the worst FCR, CPCR and CCR compared to those 

fed 1.5% or 3% OA diets for all feeding periods. The best values for all criteria were obtained by 1.5% 

OA diets (Tables 4, 5 and 6). The improvement in the former criteria could be due to better utilization of 

nutrients in which birds fed diets supplemented with 1.5% OA consumed less feed and had a comparable 

gain. Ricke (2003) reported that increased BWG is probably due to the beneficial effect of organic acids 

in gut flora. The organic acids may have a bactericidal effect; it could affect the integrity of microbial cell 

membrane, cell macromolecules or interfere with the nutrient transport and energy metabolism. 
Additionally, the improvements in ADG and FCR by dietary OA may be, in part, due to the increase in 

villi height and increased absorptive surface area as reported by Mohammadagheri et al. (2016). Besides, 

these results agreed with Adil et al. (2010) who stated that broiler diet supplemented with OA improved 

BWG when compared to control diet. However, Hernandez et al. (2006) reported no significant effect of 

organic acid supplementation on broilers growth performance. 

Significant (P≤0.05) differences in ADG, ADFI (Tables 2 and 3), FCR, CPCR and CCR were 

observed as a result of the combined effects of dietary PL, OAT and OAL. Birds fed RPL+1.5% CA diet 

had the highest significant (P≤0.05) ADG value during starter and finisher periods while during grower 

and total periods, RPL + 1.5% FUA diet recorded the superior ADG compared with the other treatments. 

The lowest significant (P≤0.05) ADFI values were noticed with RPL+3% FUA diet (starter), LPL+1.5% 
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FUA diet (finisher) and LPL+3% CA diet (grower and total period). In most feeding periods, the best 

values for FCR and CCR were recorded with RPL+1.5% FUA diet (Table 4 and 6); however, the worst 

values were observed with RPL or LPL + 0% OA diets. Treatments effect on CPCR was inconsistent and 

the best values were recorded with LPL+1.5% CA diet (grower and total periods), LPL +1.5% FUA diet 

(starter) or LPL +3% FUA diet (finisher). Partially, supplementation of CA or FUA to LPL diet 

significantly (P≤0.05) improved FCR, CPCR and CCR during starter period (Table 4, 5 and 6). Similar 

results were observed by Dehghani-Tafti and Jahanian (2016) who reported that dietary supplementation 

of 2.5 g/kg CA with high and medium CP broiler diets increased ADG during starter and finisher periods 

resulting in improved FCR values. Also, Mohammadagheri et al. (2016) concluded that supplemented CA 

to broiler diet decreased feed intake which agreed with the reported data. In another trial, Adil et al. 

(2011a) noticed that 2–3% fumaric acid decreased cumulative feed intake compared to the control group. 

However, 3% fumaric acid in broiler diet significantly improved BWG and FCR with no effect on total 

feed intake (Adil et al., 2010, 2011b). The authors attributed the reduction in the feed intake to the strong 

taste associated with the organic acids which would have decreased the palatability of the feed, thereby 

reducing feed intake. Also, Nourmohammadi et al. (2010) reported positive effects from the utilization of 

3% CA in broiler diets. They concluded that CA provided suitable pH in the gut for proteolytic enzymes 

activity and increased feed digestion by a reduction in the gut microflora. Moreover, the downfall in pH 

reduced the gut digested food transmission speed and this may result in a reduction in FI for birds fed 

diets containing 6% CA. Similarly, Ragab et al. (2012) observed that chicks fed diets containing the 

recommended level of CP+2% lactic or CA had the highest BWG while those fed diet low in CP (by 2%) 

without OA had the lowest BWG with no significant differences. The authors concluded that neither the 

type of addition nor the interaction between types of addition with the level of CP had any significant 

effect on BWG.  Additionally, Ghazalah et al. (2011) reported that broiler chicks fed diets supplemented 

with CA (1-3%) or FUA (0.5-1.5%) increased BWG significantly.  

 

Table (2). Effects of crude protein levels, organic acids (types and levels) on gain and mortality rate 

of broiler chicks.  

 

Treatment  

Average daily gain (g/b/d)   Mortality 

rate Periods, weeks 

Starter (0-3) Grower (4-5) Finisher (6
th

) Total (0-6) 

Main Effects 
1
PL       R 

              L 

39.70
a
±0.29 

37.14
b
±0.35 

62.86
a
±0.72 

59.64
b
±0.73 

58.38±1.11 

57.70±1.09 

50.64
a
±0.38 

48.10
b
±0.41 

3.47 

2.78 

P-value < .0001 0.0012 0.1738 < .0001 0.7753 
2
OAT    CA 

              FUA                                          

38.58±0.34 

38.27±0.33 

60.77±0.73 

61.62±0.74 

58.30±1.08 

57.75±1.11 

49.33±0.41 

49.31±0.41 

2.78 

3.47 

P-value 0.3940 0.2818 0.6105 0.9105 0.7753 
3
OAL%  0 

               1.5 

               3.0                

38.40
ab

±0.30 

39.18
a
±0.51 

37.71
b
±0.52 

62.44
a
±0.68 

61.58
a
±1.14 

58.51
b
±1.03 

58.30±1.07 

57.76±1.78 

57.80±1.37 

49.88
a
±0.36 

49.67
a
±0.67 

47.98
b
±0.58 

6.25 

0 

3.12 

P-value 0.0663 0.0041 0.9890 0.0107 0.1272 

Combined Effects 

RPL× OA 0  

RPL× CA 1.5 

RPL× CA 3.0 

RPL× OA 0  

RPL×FUA 1.5 

RPL× FUA 3.0 

LPL× OA 0  

LPL× CA 1.5 

LPL× CA 3.0 

LPL× OA 0  

LPL× FUA 1.5 

LPL× FUA 3.0 

SEM 

40.04
ab

±0.48 

41.76
a
±0.67 

37.59
bc

±1.03 

40.04
ab

±0.48 

40.39
a
±0.98 

37.72
bc

±0.87 

36.76
c
±0.61 

37.79
bc

±0.98 

37.88
bc

±1.24 

36.76
c
±0.61 

36.83
c
±1.11 

37.64
c
±1.04 

±0.24 

64.02
ab

±1.29 

58.42
bc

±2.14 

62.65
abc

±1.67 

64.02
ab

±1.29 

67.32
a
±2.34 

59.08
bc

±2.14 

61.05
bc

±1.38 

63.09
abc

±1.83 

52.74
d
±2.22

 

61.05
bc

±1.38 

57.59
cd

±2.33 

59.63
bc

±1.67 

±0.52 

55.81
ab

±2.38 

64.54
a
±2.97 

60.91
ab

±2.94 

55.81
ab

±2.38 

59.24
ab

±2.57 

57.99
ab

±3.13 

60.40
ab

±1.94 

56.00
ab

±3.62 

52.54
b
±2.20 

60.40
ab

±1.94 

51.91
b
±4.39 

59.95
ab

±2.40 

±0.78 

50.94
ab

±0.69 

51.22
ab

±1.00 

49.83
ab

±1.06 

50.94
ab

±0.69 

52.51
a
±1.15 

48.22
bc

±1.13 

48.98
b
±0.71 

49.26
b
±1.33 

45.28
d
±1.33 

48.98
b
±0.71 

45.84
cd

±1.42 

48.63
bc

±0.90 

±0.29 

8.30 

0 

4.17 

8.30 

0 

0 

4.17 

0 

0 

4.17 

0 

8.30 

±1.16 

P-value < .0001 < .0001 0.0840 < .0001 0.6828 
Means with no common superscripts within the column of each classification (PL, OAL or combined effects) are 

significantly (P ≤ 0.05) different.    1Protein Level (R, required, RPL or L, low, LPL). 2Organic Acid Type, CA: Citric 

Acid; FUA: Fumaric Acid   3Organic Acid Level. 
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Table (3). Effects of crude protein levels, organic acids (types and levels) on feed intake of broiler 

chicks.  

 

Treatment  

Average daily feed intake (g/b/d) 

Periods, weeks 

Starter (0-3) Grower (4-5)  Finisher (6
th

)  Total (0-6)  

Main Effects 
1
PL       R 

              L 

45.84±0.44 

45.54±0.37 

105.10
a
±1.99 

100.94
b
±1.67 

116.47
a
±3.19 

103/06
b
 ±1.77 

77.36
a
±1.28 

73.59
b
±0.80 

P-value 0.8301 0.0727 0.0004 0.0035 
2
OAT    CA 

              FUA                                          

45.73±0.40 

45.65±0.42 

104.14±2.01 

101.90±1.72 

110.55±2.86 

108.99±2.99 

75.70±1.15 

75.25±1.12 

P-value 0.8425 0.1192 0.4649 0.5397 
3
OAL%  0 

               1.5 

               3.0                

46.96
a
±0.29 

44.55
b
±0.39 

44.30
b
 ±0.55 

109.17
a
±1.28 

98.47
b
±1.87 

95.25
b
±2.30 

117.51
a
±2.89 

103.37
b
±3.49 

100.67
b
±1.65 

79.45
a
±0.86 

72.33
b
±1.07 

70.68
b
±0.83 

P-value < .0001 < .0001 < .0001 < .0001 

Combined Effects 

RPL× OA 0  

RPL× CA1.5 

RPL× CA 3.0 

RPL× OA 0  

RPL× FUA 1.5 

RPL× FUA 3.0 

LPL× OA 0  

LPL× CA 1.5 

LPL× CA 3.0 

LPL× OA 0  

LPL× FUA 1.5 

LPL× FUA 3.0 

SEM 

47.39
a
±0.55 

45.34
abc

±0.91 

43.82
bc

±1.54 

47.39
a
±055 

44.51
bc

±0.86 

43.47
c
±0.17 

46.52
ab

±0.64 

44.50b
c
±0.83 

44.34b
c
±0.17 

46.52
ab

±0.64 

43.84b
c
±0.72 

45.59
abc

±1.68 

±0.29 

112.29
a
±2.41 

93.48c
d
±2.38 

96.98b
c
±2.39 

112.29
a
±2.41 

101.85
bc

±5.27 

99.27b
c
±6.49 

106.05
ab

±2.30 

101.55
bc

±1.49 

86.47
d
±3.41 

106.05
ab

±2.30 

97.01
bc

±4.16 

98.28
bc

±1.97 

±1.32 

127.91
a
±4.50 

115.15
ab

±8.91 

100.92
bc

±1.55 

127.91
a
±4.50 

107.10
bc

±2.31 

96.97
c
±5.26 

107.12
bc

±3.64 

97.09
c
±0.88 

101.16
bc

±0.18 

107.12
bc

±3.64 

94.15
c
±6.60 

103.65
bc

±4.26 

±2.05 

82.45
a
±1.54 

73.02
bcd

±2.39 

71.06
bcd

±1.47 

82.45
a
±1.54 

74.06
bc

±2.54 

70.98
bcd

±2.24 

76.46
b
±0.90 

72.28
bcd

±1.03 

67.85
d
±1.04 

76.46
b
±0.90 

69.95
cd

±2.71 

72.83
bcd

±0.68 

±0.79 

P-value 0.0029 < .0001 < .0001 < .0001 
Means with no common superscripts within the column of each classification (PL, OAL or combined effects) are 

significantly (P ≤ 0.05) different.    1Protein Level (R, required, RPL or L, low, LPL) 2Organic Acid Type, CA: Citric 

Acid; FUA: Fumaric Acid   3Organic Acid Level. 

 

 

Mortality rate 

No significant effect on mortality rate either by PL, OAT or OAL main or combined effects during the 

experimental periods (Table 2). Total percentage of birds’ mortality was 3.12% during the experimental 

period (6wk) which occurred mostly during finisher period. The highest mortality (8.30%) was recorded 

with RPL+0% OA or LPL+3% FUA diets. Experimental treatments did not elevate mortality percent and 

did not have an exact connection with the mortality. No health problems and no great differences in MR 

were observed when broiler chicks fed diets supplemented with OA (Brzoska et al., 2013; Ghazalah et 

al., 2011). Furthermore, Islam et al. (2008) showed that birds fed diets supplemented with different levels 

of FUA up to 7.5% had MR averaged from 0 to 4%. Similarly, Ragab et al. (2012) stated that low protein 

diet supplemented with OA (lactic or and CA) had no significant effect on mortality rate.  

Carcass characteristics 

Crude protein levels significantly affected (P≤0.05) all carcass characteristics % except for giblets 

(Table 7 and 8). Chicks fed RPL diet had a higher percentage of dressing, meat, and meat: bone or fat 

ratios and the lowest percentage of inedible parts, bone and abdominal fat. These results conflicted with 

Kamran et al. (2011) and Azarnik et al. (2010) who reported that carcass characteristics were not 

influenced by dietary CP levels. However, Dehghani-Tafti and Jahanian (2016) recorded that carcass 

yield and liver % were decreased by reducing dietary CP level. Also, Huwaida et al. (2013) found that 

high protein level (23%) significantly increased all carcass traits compared with 21% protein level. In the 

present study, the effect of CP level on abdominal fat was in agreement with Dehghani-Tafti and Jahanian 

(2016) who concluded that chicks fed low CP diets resulted in a more fat deposition in the carcass than 
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medium or high CP diets. This may be due to that protein biosynthesis throughout the body was 

suppressed (Leeson and Summers, 2001). The significant effect of CP levels on meat % agreed with 

Widyaratne and Drew (2011) who stated that breast meat yield decreased with lowering CP diets. On the 

contrary, Azarnik et al. (2010) showed that protein level had no significant effect on breast muscle or 

meat yield.  

 

Table (4). Effects of crude protein levels and organic acids (types and levels) on feed conversion 

ratio of broiler chicks.  

 

Treatment 

Feed conversion ratio (g feed/g gain) 

Periods, weeks 

Starter (0-3) Grower (4-5) Finisher (6
th

) Total   (0-6) 

Main effects 
1
PL       R 

              L  

1.16
b
±0.01 

1.23
a
±0.01 

1.68±0.04 

1.70±0.02 

2.06
a
±0.09 

1,80
b
±0.04 

1.54±0.03 

1.53±0.01 

P-value < .0001 0.3226 0.0894 0.4843 
2
OAT    CA 

              FUA                                          

1.19±0.01 

1.20±0.01 

1.68±0.03 

1.70±0.03 

1.93±0.07 

1.92±0.08 

1.53±0.02 

1.54±0.02 

P-value 0.7036 0.4391 0.8244 0.5941 
3
OAL%   0 

                1.5 

                3.0                        

1.23
a
±0.01 

1.14
c
±0.02 

1.18
b
±0.02 

1.76
a
±0.03 

1.60
b
±0.04 

1.64
b
±0.03 

2.07
a
±0.09 

1.80
b
±0.05 

1.76
b
±0.06 

1.60
a
±0.02 

1.46
b
±0.02 

1.48
b
±0.02 

P-value < .0001 0.0029 0.0036 < .0001 

Combined effects 

RPL× OA 0  

RPL× CA 1.5 

RPL× CA 3.0 

RPL× OA 0 

RPL× FUA 1.5 

RPL× FUA 3.0 

LPL× OA 0  LPL×CA 

1.5 

LPL×CA 3.0 

LPL×OA 0 

LPL× FUA 1.5 

LPL× FUA 3.0 

SEM 

1.18
b
±0.01 

1.11
cd

±0.03 

1.17
bc

±0.03 

1.18
 b
±0.01 

1.10
d
±0.01 

1.15
bcd

±0.02 

1.27
a
±0.02 

1.18
b
±0.02 

1.17
bc

±0.03 

1.27
a
±0.02 

1.19
b
±0.01 

1.21
ab

±0.04 

±0.01 

1.78
a
±0.08 

1.56
ab

±0.08 

1.55
ab

±0.03 

1.78
a
±0.08 

1.52
b
±0.04 

1.68
ab

±0.02 

1.74
ab

±0.05 

1.61
ab

±0.02 

1.65
ab

±0.09 

1.74
ab

±0.05 

1.71
ab

±0.11 

1.66
ab

±0.07 

±0.02 

2.36
a
±0.18 

1.83
b
±0.11 

1.66
b
±0.07 

2.36
a
±0.18 

1.82
b
±0.12 

1.67
b
±0.06 

1.78
b
±0.08 

1.75
b
±0.11 

1.94
ab

±0.11 

1.78
b
±0.08 

1.82
b
±0.12 

1.75
b
±0.16 

±0.05± 

1.64
a
±0.06 

1.42
b
±0.02 

1.43
b
±0.01 

1.64
a
±0.06 

1.41
b
±0.01 

1.47
b
±0.01 

1.56
ab

±0.02 

1.47
b
±0.01 

1.50
ab

±0.06 

1.56
ab

±0.02 

1.53
ab

±0.05 

1.50
ab

±0.04 

±0.02 

P-value < .0001 0.1020 0.0013 0.0028 
Means with no common superscripts within the column of each classification (PL, OAL or combined effects) are 

significantly (P ≤ 0.05) different. 1Protein Level (Required, RPL or Low, LPL)   2Organic Acid Type, CA: Citric Acid; 

FUA: Fumaric Acid   3Organic Acid Level. (0, 1.5 & 3%) 

 

 

Organic acid types had no significant effect on carcass criteria; however, OAL significantly (P≤0.05) 

affected all carcass characteristics except for giblets. Diets with 1.5% OA achieved the highest (P≤0.05) 

percentages of dressing and meat: fat ratio and the lowest inedible parts and abdominal fat followed by 

diets supplemented with 3 and 0% OA. Similarly, Ahsan-ul-Haq et al. (2014) concluded that relative 

breast meat and giblet weight of broilers were not significantly affected while dressing percentage was 

significantly improved and abdominal fat weight was reduced with increasing CA (0.5, 1.0 and 1.5%) in 

the diet. On the contrary, Brzoska et al. (2013) found that chicks fed CA at 3, 6 and 9 g/kg of diet had no 

significant effect on carcass characteristics. Additionally, slaughter characteristics of broiler chickens did 

not differ significantly as affected by various organic acids (butyric, FUA and lactic acid at 2 and 3% of 

the diet; Adil et al., 2011b). Also, Nourmohammadi et al. (2010) showed that 3 or 6% of CA 

supplemented to broiler diet had no significant effect on abdominal fat weight. 

Supplementation of CA or FUA to RPL and LPL diets significantly (P≤0.05) affected all carcass 

characteristics %. Diets of RPL or LPL+1.5% CA or FUA and RPL+3% CA decreased (P≤0.05) the 

inedible parts percentages compared to RPL or LPL+0% OA. Dressing percentages were numerically 

increased with RPL or LPL+1.5 or 3% CA or FUA and the differences were significant when compared 
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with LPL+0% OA. Chicks fed RPL+0% OA diet had the highest meat % and M: B ratio. Conversely, the 

lowest significant abdominal fat, the highest giblets % and M: F ratio were recorded for chicks fed 

RPL+1.5% CA in comparison with both protein levels without OA (Table 7 and 8). This was in harmony 

with Dehghani-Tafti and Jahanian (2016) who reported that supplementation of CA (2.5 g/kg diet) with 

different CP levels increased carcass yield but there was no effect on abdominal fat content. They 

concluded that the effect of OA supplementation was more pronounced in medium and high CP diets, 

representing that OA could decrease dietary CP. However, Ragab et al. (2012) found that neither type of 

addition (2% lactic or CA) nor the interaction between types and levels of CP had any significant effect 

on slaughter parameters. 

 

Table (5). Effects of crude protein levels and organic acids (types and levels) on crude protein 

conversion ratio of broiler chicks.  

 

Treatment  

Crude protein conversion ratio (g CP/g gain) 

Periods, weeks 

Starter (0-3) Grower (4-5) Finisher (6
th

) Total   (0-6) 

Main effects 
1
PL       R 

              L  

0.264
a
±0.002 

0.255
b
±0.002 

0.333
a
±0.007 

0.306
b
±0.004 

0.368
a
±0.016 

0.286
b
±0.007 

0.311
a
±0.006 

0.281
b
±0.002 

P-value 0.0013 0.0085 0.0002 < .0001 
2
OAT    CA 

              FUA                                          

0.260±0.003 

0.260±0.002 

0.318±0.007 

0.321±0.006 

0.328±0.015 

0.325±0.015 

0.295±0.006 

0.297±0.005 

P-value
 

0.7747 0.5523 0.7595 0.7226 
3
OAL%  0 

               1.5 

               3.0                        

0.267
a
±0.002 

0.248
c
±0.003 

0.258
b
±0.004 

0.333
a
±0.007 

0.302
b
±0.007 

0.310
b
±0.006 

0.354
a
±0.018 

0.304
b
±0.012 

0.295
b
0.009 

0.309
a
±0.006 

0.281
b
±0.003 

0.286
b
±0.004 

P-value
 

< .0001 0.0041 0.0023 < .0001 

Combined effects 

RPL× OA 0  

RPL× CA 1.5 

RPL× CA 3.0 

RPL× OA 0 

RPL× FUA 1.5 

RPL× FUA 3.0 

LPL× OA 0  LPL× 

CA 1.5 

LPL× CA 3.0 

LPL× OA 0 

LPL× FUA 1.5 

LPL× FUA 3.0 

SEM 

0.271
a
±0.002 

0.251
bc

±0.008 

0.266
ab

±0.005 

0.271
a
±0.002 

0.251
bc

±0.002 

0.263
ab

±0.007 

0.262
ab

±0.003 

0.246
c
±0.006 

0.246
c
±0.009 

0.262
ab

±0.003 

0.244
c
±0.004 

0.255
bc

±0.007 

±0.002 

0.354
a
±0.016 

0.311
ab

±0.020 

0.309
ab

±0.008 

0.354
a
±0.016 

0.300
b
±0.004 

0.331
ab

±0.004 

0.313
ab

±0.009 

0.288
b
±0.006 

0.300
b
±0.012 

0.313
ab

±0.009 

0.308
ab

±0.012 

0.299
b
±0.012 

±0.005 

0.423
a
±0.031 

0.327
b
±0.025 

0.295
b
±0.007 

0.423
a
±0.031 

0.327
b
±0.023 

0.301
b
±0.015 

0.285
b
±0.015 

0.277
b
±0.017 

0.313
b
±0.022 

0.285
b
±0.015 

0.285
b
±0.021 

0.271
b
±0.022 

±0.011 

0.331
a
±0.011 

0.289
b
±0.006 

0.290
b
±0.001 

0.331
a
±0.011 

0.286
b
±0.003 

0.298
b
±0.003 

0.286
b
±0.004 

0.270
b
±0.003 

0.280
b
±0.011 

0.286
b
±0.004 

0.279
b
±0.008 

0.276
b
±0.007 

±0.004 

P-value 0.0002 0.0106 < .0001 < .0001 
Means with no common superscripts within the column of each classification (PL, OAL or combined effects) are 

significantly (P ≤ 0.05) different.    1Protein Level (Required, RPL or Low, LPL)    2Organic Acid Type, CA: Citric 

Acid; FUA: Fumaric Acid   3Organic Acid Level.  

 

 

Digestive tract parameters and immune organs 

Protein levels had no significant effects on chicks' digestive tract parameters and immune organs 

except for proventriculus and bursa of fabricius which were increased significantly by LPL (Table 9 and 

10). The obtained results were in agreement with Si et al. (2004) who found that the relative weight of 

heart, gizzard, liver and the small intestine were unaffected by decreasing the dietary CP level. However, 

Ragab et al. (2012) reported no significant positive response on thymus and bursa of fabricius 

percentages when broiler chicks were fed diets vary in their CP content. Also, Dehghani-Tafti and 

Jahanian (2016) stated that the relative liver weight was decreased by reducing dietary CP level.   

Also, OAT and OAL had no significant effects on all parameters studied except for bursa of fabricius 

and thymus, respectively. Diets containing CA recorded the higher (P≤0.05) bursa % compared with FUA 

diets. Besides, diets supplemented with 3% OA improved (P≤0.05) thymus gland relative weight  
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Table (6). Effects of crude protein levels and organic acids (types and levels) on caloric conversion 

ratio of broiler chicks during 0 to 6 weeks of age.  

 

Treatment 

Caloric conversion ratio (kcal ME/g gain) 

Periods, weeks 

Starter (0-3) Grower (4-5) Finisher (6
th

) Total   (0-6) 

Main effects 
1
PL       R 

              L  

3.71
b
±0.03 

3.93
a
±0.04 

5.38±0.12 

5.44±0.08 

6.58
a
±0.29 

5.76
b
±0.12 

4.92±0.09 

4.91±0.04 

P-value
 

< .0001 0.3345 0.0915 0.4904 
2
OAT    CA 

              FUA                                          

3.82±0.04 

3.83±0.04 

5.37±0.09 

5.45±0.09 

6.19±0.24 

6.15±0.24 

4.90±0.08 

4.93±0.07 

P-value
 

0.7019 0.4359 0.8241 0.5924 
3
OAL%  0 

               1.5 

               3.0                        

3.93
a
±0.04 

3.67
c
±0.05 

3.77
b
±0.05 

5.64
a
±0.10 

5.12
b
±0.12 

5.24
b
±0.09 

6.64
a
±0.28 

5.78
b
±0.16 

6.62
b
±0.18 

5.13
a
±0.07 

4.67
b
±0.06 

4.73
b
±0.06 

P-value
 

< .0001 0.0034 0.0035 < .0001 

Combined effects 

RPL× OA 0  

RPL× CA 1.5 

RPL× CA 3.0 

RPL× OA 0 

RPL× FUA 1.5 

RPL× FUA 3.0 

LPL× OA 0  LPL× 

CA 1.5 

LPL× CA 3.0 

LPL× OA 0 

LPL× FUA 1.5 

LPL× FUA 3.0 

SEM 

3.80
b
±0.04 

3.54
cd

±0.09 

3.75
bc

±0.10 

3.80
b
±0.04 

3.53
d
±0.02 

3.69
bcd

±0.07 

4.06
a
±0.06 

3.78
b
±0.07 

3.76
bc

±0.10 

4.06
a
±0.06 

3.82
b
±0.03 

3.88
ab

±0.12 

±0.03 

5.71
a
±0.25 

4.99
ab

±0.26 

4.97
ab

±0.11 

5.71
a
±0.25 

4.86
b
±0.11 

5.38
ab

±0.06 

5.57
ab

±0.15 

5.17
ab

±0.06 

5.29
ab

±0.28 

5.57
ab

±0.15 

5.47
ab

±0.34 

5.34
ab

±0.21 

±0.07 

7.57
a
±0.57 

5.86
b
±0.36 

5.33
b
±0.23 

7.57
a
±0.57 

5.82
b
±0.39 

5.36
b
±0.20 

5.71
b
±0.25 

5.60
b
±0.34 

6.20
ab

±0.35 

5.71
b
±0.25 

5.85
b
±0.39 

5.59
b
±0.51 

±0.17 

5.25
a
±0.19 

4.57
b
±0.08 

4.57
b
±0.03 

5.25
a
±0.19 

4.51
b
±0.03 

4.72
b
±0.0.01 

5.00
ab

±0.06 

4.71
b
±0.04 

4.82
ab

±0.19 

5.00
ab

±0.06 

4.90
ab

±0.17 

4.81
ab

±0.11 

±0.05 

P-value < .0001 0.1091 0.0014 0.0029 
Means with no common superscripts within the column of each classification (PL, OAL or combined effects) are 

significantly (P ≤ 0.05) different.   1Protein Level (Required, RPL or Low, LPL)      2Organic Acid Type, CA: Citric 

Acid; FUA: Fumaric Acid   3Organic Acid Level.  

 

compared with 1.5% OA diets. Significant differences were detected in the liver % and bursa % in 

response to the combined effects of PL, OAT and OAL (Table 9 and 10). The highest liver % was 

reported by RPL+1.5% CA diet compared with most of the treatments. On the other hand, the highest 

bursa % was obtained by RPL+3% CA while RPL+ 1.5% FUA gave the lowest percentage. Previous 

studies were inconsistent; Wickramasinghe et al. (2014) reported that 2% dietary CA had no significant 

effect on the pancreas, gizzard and liver weights and ratios. Similarly, Nourmohammadi et al. (2010) 

showed that supplementation of 3 or 6% CA to broiler diet did not significantly affect liver weight. 

However, the relative weight of proventriculus and gizzard increased significantly by 6% CA. Also, Islam 

et al. (2008) concluded that the relative weights of heart, liver and spleen of broiler chickens were not 

affected by the dietary FUA (up to 7.5%). In the same way, Ragab et al. (2012) found that there were no 

significant differences in thymus and bursa of fabricius % when broiler chicks fed diets different in PL 

and supplemented with 2% lactic or CA. Additionally, Ghazalah et al. (2011) concluded that broiler 

chicks fed 0.5% fumaric acid diet had a better immune response and disease resistance. This was due to 

improving the relative weight of primary lymphoid organs (spleen, bursa and thymus). Also, Adil et al. 

(2011b) concluded that birds fed diets supplemented with 2 or 3% FUA had significant increases in 

length and weight of small intestines. Bursa and thymus are considered as a component of the immunity 

system (Sturkie, 1986) which is capable of producing immune cells and having the ability to protect birds 

from the invasion of pathological organisms.  

 

CONCLUSION  
 

Supplementation of CA or FUA acids, as feed additives, to broiler diets containing RPL improved 

productive performance, carcass traits and immune status. However, LPL supplemented diets tended to 



Egyptian J. Nutrition and Feeds (2018) 

 

 

 
165 

improve performance but the effects were inconsistent and insignificant. The effect of CA 

supplementation on ADG was obvious in the starter and finisher periods while FUA was better in the 

grower and total periods. Also, the present findings showed that reducing dietary CP level by 2% had no 

negative effect on ADG during the finisher and ADFI during starter. The influence of supplementation 

OA on dietary protein and amino acid requirements of different poultry species, however, needs further 

and extensive investigations. 

 

Table (7). Effects of crude protein levels and organic acids (types and levels) on carcass 

characteristics (% of live body weight) of broiler chicks at 42 days of age.  

 

Treatments  

Carcass characteristics (%) 

Inedible parts Dressing Giblets Abdominal fat 

Main Effects 
1
PL       R 

            L  

22.52
b
±0.20 

23.52
a
±0.23 

72.53
a
±0.58 

71.17
b
±0.54 

3.86±0.06 

3.91±0.06 

1.09
b
±0.04 

1.40
a
±0.05 

P-value
 

0.0203 0.0007 0.7661 < .0001 
2
OAT    CA 

            FUA                                          

22.98±0.23 

23.02±0.22 

71.81±0.79 

71.93±0.62 

3.96
a
±0.06 

3.81
b
±0.04 

1.25±0.05 

1.24±0.05 

P-value
 

0.4264 0.2926 0.0088 0.7228 
3
OAL%  0 

           1.5 

             3                        

23.53
a
±0.21 

21.82
b
±0.24 

22.91
a
±0.24 

71.20
c
±0.61 

73.15
a
±1.08 

72.10
b
±0.89 

3.86±0.06 

4.00±0.10 

3.84±0.04 

1.41
a
±0.05 

1.03
b
±0.05 

1.15
b
±0.05 

P-value < .0001 < .0001 0.1823 < .0001 

Combined effects 

RPL× OA  0  

RPL× CA 1.5 

RPL× CA 3.0 

RPL× OA 0 

RPL× FUA 1.5 

RPL× FUA 3.0 

LPL× OA 0  

LPL× CA 1.5 

LPL× CA 3.0 

LPL× OA 0 

LPL× FUA 1.5 

LPL× FUA 3.0 

SEM 

22.98
abc

±0.37 

21.21
ed

±0.67 

22.26
ed

±0.63 

22.98
abc

±0.37 

22.21
ed

±0.35 

22.54
bcd

±0.48 

24.10
a
±0.42 

22.19
ed

±0.29 

23.95
ab

±0.21 

24.10
a
±0.42 

20.68
e
±0.21 

22.91
abc

±0.21 

±0.16 

72.08
ab

±0.83 

73.49
a
±1.11 

72.75
a
±1.63 

72.08
ab

±0.83 

73.03
a
±1.53 

72.65
a
±1.99 

70.32
c
±0.69 

72.67
a
±2.23 

70.80
bc

±1.05 

70.32
c
±0.69 

74.40
a
±1.36 

72.19
ab

±1.03 

±0.17 

3.72
b
±0.08 

4.52
a
±0.19 

3.95
b
±0.12 

3.72
b
±0.08 

3.78
b
±0.09 

3.76
b
±0.03 

3.99
b
±0.13 

3.99
b
±0.23 

3.81
b
±0.07 

3.99
b
±0.13 

3.71
b
±0.11 

3.83
b
±0.05 

±0.04 

1.22
bc

±0.06 

0.78
d
±0.02 

1.04
cd

±0.08 

1.22
bc

±0.06 

0.98
cd

±0.06 

1.05
cd

±0.12 

1.59
a
±0.09 

1.15
c
±0.12 

1.44
ab

±0.06 

1.59
a
±0.09 

1.21
bc

±0.07 

1.07
c
±0.05 

±0.03 

P-value < .0001 < .0001 0.0025 < .0001 
Means with no common superscripts within the column of each classification (PL, OAL or combined effects) are 

significantly (P ≤ 0.05) different.     1Protein Level (Required, RPL or Low, LPL)   2Organic Acid Type, CA: Citric 

Acid; FUA: Fumaric Acid     3Organic Acid Level. 
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Table (8). Effects of crude protein levels and organic acids (types and levels) on meat and bone (%) 

and meat to bone/fat ratios of broiler chicks at 42 days of age.  

Treatments Meat %  Bone % Meat:Bone Meat:Fat 

Main Effects 
1
PL       R 

              L  

78.57
a
±0.27 

76.47
b
±0.35 

21.43
b
±0.27 

23.53
a
±0.36 

3.70
a
±0.06 

3.29
b
±0.06 

19.56
a
±0.58 

13.51
b
±0.54 

P-value
 

< .0001 < .0001 < .0001 < .0001 
2
OAT    CA 

              FUA                                          

77.72±0.34 

77.33±0.35 

22.28±0.35 

22.67±0.35 

3.54±0.07 

3.46±0.07 

16.76±0.79 

16.32±0.62 

P-value
 

0.0967 0.1059 0.1053 0.4043 
3
OAL%  0 

               1.5 

               3.0                        

78.59
a
±0.26 

77.91
a
±0.30 

75.00
b
±0.48 

21.41
b
±0.28 

22.09
b
±0.29 

25.00
a
±0.48 

3.71
a
±0.06 

3.55
b
±0.06 

3.04
c
±0.08 

14.89
c
±0.61 

19.79
a
±1.08 

16.59
b
±0.89 

P-value
 

< .0001 < .0001 < .0001 < .0001 

Combined effects 

RPL× OA 0  

RPL× CA 1.5 

RPL× CA 3.0 

RPL× OA 0 

RPL× FUA 1.5 

RPL× FUA 3.0 

LPL× OA 0  

LPL× CA 1.5 

LPL× CA 3.0 

LPL× OA 0 

LPL× FUA 1.5 

LPL× FUA 3.0 

SEM  

79.67
a
±0.46 

78.75
ab

±0.58 

77.73
bc

±0.18 

79.67
a
±0.46 

77.25
bc

±0.42 

76.15
c
±0.64 

77.50
bc

±0.42 

77.90
b
±0.59 

72.99
d
±0.49 

77.50
bc

±0.42 

77.73
bc

±0.75 

73.12
d
±0.57 

±0.25 

20.33
d
±0.46 

21.25
cd

±0.56 

22.27
bc

±0.18 

20.33
d
±0.46 

22.75
bc

±0.42 

23.85
b
±0.64 

22.50
bc

±0.48 

22.10
bc

±0.59 

27.01
a
±0.49 

22.50
bc

±0.48 

22.27
bc

±0.66 

26.88
a
±0.57 

±0.25 

3.95
a
±0.10 

3.73
ab

±0.14 

3.49
bc

±0.04 

3.95
a
±0.10 

3.40
bc

±0.09 

3.21
c
±0.12 

3.47
bc

±0.09 

3.54
bc

±0.13 

2.71
d
±0.07 

3.47
bc

±0.09 

3.51
bc

±0.13 

2.73
d
±0.08 

±0.05 

18.19
bc

±0.83 

25.40
a
±1.11 

19.42
bc

±1.63 

18.19
bc

±0.83 

20.66
b
±1.53 

18.28
bc

±1.99 

11.59
e
±0.69 

17.36
bc

±2.23 

12.32
ed

±1.05 

11.59
e
±0.69 

15.72
cd

±1.36 

16.34
c
±1.03 

±0.50 

P-value < .0001 < .0001 < .0001 < .0001 
Means with no common superscripts within the column of each classification (PL, OAL or combined effects) are 

significantly (P ≤ 0.05) different.     1Protein Level (Required, RPL or Low, LPL)   2Organic Acid Type, CA: Citric 

Acid; FUA: Fumaric Acid     3Organic Acid Level. 
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Table (9). Effects of crude protein levels, organic acids (types and levels) on the measurements of 

digestive tract (% of live body weight) of broiler chicks at 42 days of age.  

 

Treatments  

Digestive tract measurements (%) Intestine length 

(cm) Proven- 

triculus 

Gizzard Liver Intestine 

Main Effects 
1
PL       R 

              L  

0.314
b
±0.006 

0.331
a
±0.006 

1.40±0.04 

1.31±0.02 

2.13±0.04 

2.09±0.04 

3.75±0.08 

3.76±0.07 

178.83±2.02 

179.00±1.81 

P-value
 

0.0481 0.0892 0.3223 0.5527 0.8187 
2
OAT    CA 

              FUA                                          

0.323±0.005 

0.322±0.007 

1.36±0.03 

1.34±0.03 

2.14±0.05 

2.07±0.03 

3.76±0.08 

3.74±0.07 

179.75±1.92 

178.08±1.91 

P-value
 

0.8966 0.5177 0.2001 0.8205 0.4456 
3
OAL%  0 

               1.5 

               3.0                        

0.316±0.006 

0.325±0.009 

0.332±0.009 

1.37±0.04 

1.32±0.04 

1.36±0.03 

2.07±0.03 

2.21±0.09 

2.08±0.04 

3.73±0.08 

3.74±0.13 

3.83±0.10 

177.92±1.94 

180.92±2.67 

178.92±2.68 

P-value
 

0.2783 0.6244 0.1577 0.7415 0.6740 

Combined effects 

RPL× OA 0  

RPL× CA 1.5 

RPL× CA 3.0 

RPL× OA 0 

RPL× FUA 1.5 

RPL× FUA 3.0 

LPL× OA 0  

LPL× CA 1.5 

LPL× CA 3.0 

LPL× OA 0 

LPL× FUA 1.5 

LPL× FUA 3.0 

SEM 

0.308±0.011 

0.322±0.012 

0.314±0.012 

0.308±0.011 

0.324±0.025 

0.318±0.021 

0.325±0.011 

0.334±0.012 

0.348±0.011 

0.325±0.011 

0.320±0.025 

0.349±0.023 

±0.004 

1.41±0.09 

1.47±0.09 

1.38±0.07 

1.41±0.09 

1.33±0.11 

1.34±0.03 

1.33±0.06 

1.24±0.02 

1.35±0.08 

1.33±0.06 

1.22±0.02 

1.38±0.02 

±0.02 

2.06
b
±0.08 

2.43
a
±0.17 

2.14
ab

±0.13 

2.06
b
±0.08 

2.17
ab

±0.07 

2.05
b
±0.05 

2.08
b
±0.04 

2.19
ab

±0.28 

2.07
b
±0.05 

2.08
b
±0.04 

2.05
b
±0.16 

2.06
b
±0.05 

±0.03 

3.60±0.14 

3.81±0.38 

3.84±0.20 

3.60±0.14 

3.99±0.10 

3.95±0.31 

3.85±0.17 

3.62±0.25 

3.95±0.10 

3.85±0.17 

3.58±0.23 

3.54±0.10 

±0.06 

176.58±4.77 

178.67±4.89 

181.33±4.10 

176.58±4.77 

186.67±4.77 

177.67±5.00 

179.25±3.03 

179.83±7.38 

186.50±5.18 

179.25±3.03 

178.50±4.75 

170.17±5.94 

±1.35 

P-value 0.6456 0.7343 0.5263 0.7802 0.7581 
Means with no common superscripts within the column of each classification (PL, OAT, OAL or combined effects) 

are significantly (P ≤ 0.05) different.       1Protein Level (Required, RPL or Low, LPL)    2Organic Acid Type, CA: 

Citric Acid, FUA: Fumaric Acid       3Organic Acid Level.  
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Table (10). Effects of crude protein levels, organic acids (types and levels) on the immune organs 

(% of live body weight) of broiler chicks at 42 days of age.  

 

Treatments   

Immune organs (%) 

Spleen Thymus Bursa  of fabricius 

Main Effects 
1
PL       R 

              L  

0.110±0.004 

0.112±0.004 

0.294±0.014 

0.306±0.015 

0.057
b
±0.004 

0.070
a
±0.005 

P-value
 

0.7023 0.5984 0.2943 
2
OAT    CA 

              FUA                                          

0.114±0.005 

0.109±0.004 

0.304±0.015 

0.297±0.014 

0.069
a
±0.005 

0.057
b
±0.004 

P-value
 

0.3513 0.6605 0.0093 
3
OAL%  0 

               1.5 

               3.0                        

0.108±0.003 

0.116±0.008 

0.113±0.007 

0.295
ab

±0.015 

0.274
b
±0.018 

0.338
a
±0.021 

0.065±0.004 

0.056±0.005 

0.068±0.007 

P-value
 

0.5394 0.0805 0.3235 

Combined effects 

RPL× OA 0  

RPL× CA 1.5 

RPL× CA 3.0 

RPL× OA 0 

RPL× FUA 1.5 

RPL× FUA 3.0 

LPL× OA 0  

LPL× CA 1.5 

LPL× CA 3.0 

LPL× OA 0 

LPL× FUA 1.5 

LPL× FUA 3.0 

SEM 

0.108±0.007 

0.108±0.016 

0.127±0.019 

0.108±0.007 

0.105±0.011 

0.112±0.008 

0.108±0.005 

0.123±0.023 

0.118±0.016 

0.108±0.005 

0.127±0.014 

0.097±0.010 

±0.003 

0.292±0.023 

0.258±0.054 

0.362±0.042 

0.292±0.023 

0.243±0.033 

0.333±0.044 

0.298±0.037 

0.298±0.034 

0.337±0.041 

0.298±0.037 

0.295±0.025 

0.325±0.046 

±0.010 

0.050
b
±0.005 

0.075
ab

±0.014 

0.085
a
±0.019 

0.050
b
±0.005 

0.042
b
±0.005 

0.055
ab

±0.007 

0.079
a
±0.010 

0.057
ab

±0.007 

0.078
a
±0.014 

0.079
a
±0.010 

0.050
ab

±0.013 

0.052
ab

±0.010 

±0.003 

P-value 0.8177 0.8076 0.0123 
Means with no common superscripts within the column of each classification (PL, OAT, OAL or combined effects) 

are significantly (P ≤ 0.05) different.    1Protein Level (Required, RPL or Low, LPL)    2Organic Acid Type, CA: 

Citric Acid, FUA: Fumaric Acid       3Organic Acid Level.  
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فى الخأثيز الخداخلي لبزوحين العليقت والاحواض العضىيت على آداء النوى وصفاث الذبيحت وأعضاء الوناعت 

 كخاكيج اللحن

 

 إسواعيل حافظ هزهـس و حواده صلاح صابز محمد وهيام سيد عبد الحلين  و عطيت فاحن عبد العزيز هحوىد

 جوهىريت هصز العزبيت – 22544جاهعت قناة السىيس  -الإسواعليت  –كليت الزراعت  -قسن الإنخاج الحيىاني والثزوة السوكيت 

 

، NRC, 1994  ال زىصُبد ن غجمب (RPL )ًطهىةان  ،انجزورٍُ انخبويٍ  ًٍُظزىَثزغذَخ انرأثُز يٍ  نهزحمكزجزثخ ان صصًذ هذِ

٪ فٍ ػهُمخ 3و  1.5، صفز ثًظزىَبديُهًب   ( كلاFUA، وانفُىيبرَك، CA( واثٍُُ يٍ الأحًبض انؼعىَخ )انظززَك LPL٪ ألم )2

 (Cobb) طلانخ ثذاري نحى ػًز َىو غُز يجُض يٍكزكىد  288 َغىسرى رأطبثُغ يٍ انؼًز(.  6-0كزبكُذ انزظًٍُ ػهٍ الأداء الإَزبجٍ )

فىل و انذرح  خ يٍانًكىَأَىاع يٍ انؼلائك  3انطُىر ػهً  ذغذَ كزكىد/ نكم يكزرح(. 8يكزراد ) 3يؼبيهخ كم يؼبيهخ  12إنً ػشىائُب 

احزىد  أطبثُغ يٍ انؼًز، و 5-3) وػهُمخ انُبيٍ(، ثزورٍُ خبو٪ 21و  23 احزىد ػهًأطبثُغ يٍ انؼًز؛ و 3-0)ػهُمخ انجبدئ  انصىَب. 

ثزورٍُ خبو(. رى ركىٍَ  .٪16و  18 احزىد ػهًيٍ انؼًز؛ و خلال الاطجىع انظبدص) وػهُمخ انُبهٍ(، ثزورٍُ خبو٪ 18و   20 ػهً

( فٍ كلا يٍ P<0.05. حذثذ سَبدح يؼُىَخ )كجى ػهُمخ( /كُهى كبنىري 3200هُخ )ُيزظبوَخ فٍ انطبلخ انزًث ثحُث ركىٌ لائك انزجزَجُخانؼ

يزىطػ انشَبدح انُىيٍ فٍ انىسٌ  وانًزىطػ انُىيٍ نهغذاء انًأكىل فٍ يؼظى انفززاد انزجزَجُخ يغ يجًىػخ انطُىر انًغذاِ ػهً انؼهُمخ 

يغ انؼهُمخ انًحزىَخ  يؼُىَب. كذنك رحظٍ كلا يٍ كفبءح رحىَم انغذاء وكفبءح رحىَم انطبلخ RPLهٍ َظجخ انجزورٍُ انًطهىثخ انًحزىَخ ػ

خلال فززح انُبهٍ. أَعب رحظُذ انكفبءح انزحىَهُخ نهجزورٍُ انخبو LPL انؼهُمخ انًُخفعخ فً انجزورٍُ خلال فززح انجبدئ أو يغ   RPLػهً

 ٍانهحى إنً انؼظى أو انذهكلا يٍ انزصبفٍ، انهحى،  اررفؼذ َظت يغ يظزىٌ انجزورٍُ انًُخفط أثُبء جًُغ انفززاد انزجزَجُخ.  يؼُىَب

ثًُُب  RPLثبنُظجخ نًجًىػخ انطُىر انًغذاِ ػهً انؼهُمخ انًحزىَخ ػهٍ َظجخ انجزورٍُ انًطهىثخ دهٍ يُطمخ انجطٍ  َظجخ ، اَخفعذ يؼُىَب

دد إظبفخ أ نغذح انجزطب وانًؼذح انغذَخ يؼُىَب. انُظجخ انًئىَخ  سادد LPLُىر انًغذاِ ػهً انؼهُمخ يُخفعخ انجزورٍُ يغ يجًىػخ انط

كفبءح رحىَم  كفبءح رحىَم غذائٍ، وأطىأ غذاء يأكىلطجهذ أػهً َظجخ حًط انظززَك إنً سَبدح يؼُىَخ فً انُظجخ انًئىَخ نغذح انجزطب. 

رحظُذ  .حًط ػعىي٪ 3أو  1.5ًمبرَخ يغ حًبض ػعىَخ ثبنأًحزىَخ ػهً انانؼهمُخ انغُز يغ حىَم انطبلخ نهجزورٍُ انخبو، كفبءح ر

% أحًبض ػعىَخ. وجذد فزوق يؼُىَخ فٍ أداء انًُى ويمبَُض انذثُحخ  3نُهب إانغذح انثًُىطُخ يؼُىَب يغ انؼلائك انًعبف   َظجخ

وانًعبف  RPLحًبض انؼعىَخ. انؼهُمخ انًحزىَخ ػهٍ َظجخ انجزورٍُ انًطهىثخ  راجؼخ نهزذاخم ثٍُ َظجخ انجزورٍُ وَىع ويظزىٌ الأ

% حًط انظززَك ساد يؼذل انشَبدح انُىيٍ )خلال فززرٍ انجبدئ وانُبهٍ( وكذنك َظت كلا يٍ انحىائج، انكجذ، انزصبفٍ، َظجخ 1.5إنُهب 

حظُذ يؼذل انشَبدح انُىيُخ  )خلال فززح انجبدئ فُىيبرَك % حًط RPL   +1.5انهحى: انذهٍ وخفعذ دهٍ انجطٍ.  ثًُُب  انؼهُمخ 

زطب يغ وانفززح انكهُخ(، كفبءح رحىَم انغذاء ، كفبءح رحىَم انطبلخ، كفبءح رحىَم انجزورٍُ يؼُىَب. طجهذ أػهٍ لُى نهغذح انثًُىطُخ وغذح انج

حًط طززَك أو % 1.5انًعبف إنُهب  LPLأو    RPL% حًط طززَك. نى َظجم أٌ َظت َفىق يغ ػهُمخ RPL  +3انًؼبيهخ 

  فُىيبرَك .

 


