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ABSTRACT:  An experiment was conducted to study the effectiveness of 

dietary malic acid (MA) supplementation as a growth promoter on Japanese 

quail performance, carcass characteristics, intestinal villi and pH, bacteria 

enumeration, some blood parameters, digestibility coefficients and 

economical efficiency. A total number of 360 unsexed day-old Japanese 

quail chicks were equally divided into 4 groups of 6 replicates each. Two 

starter-grower corn-soybean meal (C-SBM) basal diets were formulated to 

contain 24 % CP and 2900 kcal ME /kg diet and 22 % CP and 2750 kcal 

ME /kg diet, respectively. Also, two layer C-SBM basal diets were 

formulated to contain 20 % CP and 2900 kcal ME /kg diet and 18 % CP 

and 2750 kcal ME /kg diet, respectively. Each of the 4 basal diets was either 

unsupplemented or supplemented with 0.05 % malic acid. Therefore, 4 

experimental treatments were used in both starting-growing and laying 

periods. Each chick group fed one of the 4 experimental diets.  

At 35 days of age, a slaughter test was performed to determine 

carcass traits, edible giblets, lymphoid organs and intestinal villi, 

microflora count and pH. Blood samples were taken and assayed to 

determine some serum blood parameters. Digestibility trials were conducted 

to determine nutrients digestibility for starter-grower experimental diets. At 

laying period, egg number, weight, mass and production rate as well as feed 

intake and feed conversion were recorded. At the end of the 90-day period, 

egg samples were taken and broken out to determine internal egg quality 

and analysis.  

From nutritional and economical point of view, it was observed that 

using malic acid at a level of 0.05 % in Japanese quail diets containing sub-

optimal energy and protein levels helped in reducing microflara count, 

particularly pathogens and in turn, improved quail performance and 

immunity. However, using MA at a level of 0.05 % in Japanese quail diets 
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containing optimal energy and protein levels caused an increase in egg 

mass and a decrease in feed intake and in turn, improving relative 

economical efficiency percentage. 

INTRODUCTION  

Livestock performance and feed efficiency are closely related with 

qualitative and quantitative microbial load of host animal, including load in 

alimentary tract and environment (Garrido et al., 2004). Antibiotic growth 

promoters (AGP) in poultry diets have been banned for use due to the 

possibilities of antibiotic residue, the development of drug-resistant bacteria 

and a reduction in the ability to cure these bacterial diseases in humans 

(Jensen, 1998). Therefore, searching for alternative products that can be 

used in poultry feeds and aid in growth promotion, feed utilization 

improvement, and maintenance of gut health are taking place. 

Supplementing poultry diets with organic acids has become an 

important nutritional strategy aimed to improve performance and health 

status of poultry fed diets devoid of AGP. Organic acids, as feed additives 

have received increasing attention as alternative AGP. It has made a 

tremendous contribution to the profitability in the intensive husbandry and 

providing people with healthy and nutritious poultry products (Patten, and 

Waldroup, 1988). Organic acids may stimulate endogenous enzymes, 

regulate gut microbial flora and help in maintaining animal's health. The key 

basic principle on the mode of action of organic acids on bacteria is that 

nondissociated (non-ionised, more lipophilic) organic acids can penetrate 

the bacteria cell wall and disrupt the normal physiology of certain types of 

bacteria (Dhawale, 2005).  

Malic acid (MA), an alpha-hydroxy organic acid, is a colorless, 

crystalline compound, COOH·CH2·CHOH·COOH, that occurs naturally in a 

wide variety of unripe fruit, including apples. It is sometimes referred to as a 

fruit acid. It is also formed in metabolic cycles in plant and animal cells, 

including chickens. Peripheral malate derives from feed sources and from 

synthesis in citric acid or Krebs cycle located in cells' mitochondria 

(Lehninger, 1978 and Van Kol E.M.R. 2005.). Literature on dietary MA 

effect in poultry is limited and the evidence by which exogenous MA may 

affect quail performance is also limited. Therefore, the purpose of the 

current study aimed to evaluate the effects of dietary MA supplementation 

on Japanese quail (Coturnix Coturnix Japonica) performance, carcass 

characteristics, intestinal villi and pH, bacteria enumeration as well as 

economical efficiency.  
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MATERIALS AND METHOD S 

Experimental birds and housing 

Three hundred and sixty unsexed day-old Japanese quail chicks were 

used in a 35 day growing trial. Chicks were individually wing-banded, 

weighed, and randomly distributed into 4 experimental groups of similar 

mean body weight (7.62±0.05 g/bird) of 90 birds each, which consists of 6 

replicates of 15 birds each. At 35 days of age, birds were transferred to layer 

quail cages for a 90-day laying trial.  

Experimental diets 

Two starter-grower corn-soybean meal (C-SBM) basal diets were 

formulated, from the same batches of components, to contain 24 % CP and 

2900 kcal ME /kg diet (HPHE-diet) and 22 % CP and 2750 kcal ME /kg diet 

(LPLE-diet). Also, two layer C-SBM diets were formulated to contain 20 % 

CP and 2900 kcal ME /kg diet and 18 % CP and 2750 kcal ME /kg diet. 

Each of the 4 basal diets was either unsupplemented or supplemented with 

0.05 % MA. Therefore, 4 experimental treatments were used in both 

starting-growing and laying periods. Each chick group was fed one of the 4 

experimental diets. The composition and calculated analysis of the 

experimental diets are shown in Table (1). 

Management  

Quail chicks were reared under similar management conditions. Ambient 

temperature was maintained at 34-36
°
 C during the 1

st
 week and weekly 

decreased by 2
°
 C for the next 3 weeks. During the 5 

th
 and 6 

th
 week,  

temperature was maintained at 20-22
°
 C. Birds received continuous artificial 

daily lighting during growing trial and 17 h afterwards. Chicks were fed the 

starter-grower diets from 1 to 35 d and the layer diets from 35 to 125 d of 

age. Mash feed and clean fresh tap water were provided ad liblitum. 

Measurements and data collection 

Growth performance 

Individual body weight (g) and feed intake (g/bird) were weekly recorded 

to determine body weight gain (g), feed conversion ratio (g feed/g gain), 

protein conversion ratio and caloric conversion ratio. Mortality rate % was 

also calculated on a weekly basis. 

Carcass parameters 

At the end of the starting-growing period (35 days), 48 birds (6 ǁ+6 

ǀ/treatment) with BW nearly close to the mean were slaughtered to 
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determine carcass characteristics. Obtained criteria were: eviscerated 

carcass, dressing, breast and thigh weights. Abdominal fat was removed 

from gizzard and abdominal region and individually weighed for each 

carcass. Ovary-oviduct was carefully separated and accurately weighed. 

Edible giblets (liver, heart and gizzard) were individually separated and 

weighed. Lymphoid organs (thymus, bursa and spleen) were individually 

removed, weighed and calculated for each organ as % of live BW. 

Villus height and width  

Digesta from gastrointestinal tract were flushed at pH 7.4 to avoid 

damage to tissues. Intestinal samples of 1 cm in length were taken from the 

middle of each segment of the duodenum, jejunum, and ileum. Samples 

were then fixed in 10 % buffered neutral formaldehyde solution (pH 7.4), 

processed, and cut to 6-µm sections that were stained with hematoxylin and 

eosin and examined with a light microscope. A digital camera was used and 

villus height was measured from tip to villus bottom. Villus width was 

measured at villi bottom. 

Bacteria enumeration and intestinal pH 

At the time of slaughter test, 3 samples of ileum content for each 

treatment were taken. Total
 
microflora, colibacillus and lactobacillus of 

ileum content were enumerated. Lactobacilli/colibacillus ratio was also 

calculated. The pH of intestinal contents was directly determined by pH-

meter. 

Blood serum parameters 

At the time of slaughter test, 48 blood samples (6 ǁ and 6 ǀ / treatment) 

were taken and serum was separated by centrifugation for 10 minutes (3000 

rpm) and stored in vials at ï20 
o
C for later analysis. Frozen serum was 

thawed and assayed to determine, on individual bases, some biochemical 

parameters by using suitable commercial diagnostic kits and Atomic 

Absorption Spectrophotometer, following the same steps as described by 

manufactures. Colorimetric determination of serum total protein (TP, g/100 

ml) was measured according to Henry (1974). Albumin concentration (Alb, 

g/100 ml) was determined. Globulin concentration (Glo, g/100 ml) was 

calculated by the difference between TP and Alb, since the fibrinogen 

usually comprises a negligible fraction (Sturkie, 1986). The Alb/Glo ratio 

was also calculated. Total lipids (TL, g/100 ml) and cholesterol (Cho, 

mg/100ml) were also determined. 
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Digestibility trials  

A total number of 24 adult ǁ quail of 6-wks old were selected at the end 

of the growing trial and individually housed in metabolic cages for carrying 

out 4 digestibility trials (6 ǁ /treatment) to determine the nutrient 

digestibility coefficient for dietary treatments in terms of crude protein (CP), 

crude fiber (CF), ether extract (EE) and nitrogen free extract (NFE) values. 

Digestibility trials lasted for 7 days, a 4-day preliminary period for 

adaptation to metabolic cages followed by a 3-day main collection period in 

which FI was offered on an ad libitum basis and excreta output was daily 

quantitatively collected for each ǁ over 3 consecutive days.  

Egg traits and quality  

Eggs were daily collected and weighed. Averages of egg number (EN), 

egg weight (EW), egg mass (EM) and feed conversion ratio (FCR) per EM 

were weekly calculated per each replicate for a 90-day laying period. Egg 

quality was assessed on 5 eggs collected per replicate during 3 days at the 

end of the 90-day period. Egg shape index (ESI) was determined according 

to Stadleman (1977). Eggs were broken out and the liquid contents were 

put a side and shell plus membranes washed to remove adhering albumen. 

After drying, shell weight % was measured. Shell thickness (STh) was 

measured by using a micrometer as an average of 3 points (top, medial and 

base). Egg analysis including albumin protein %, yolk protein %, ether 

extract % and cholesterol (mg /gm yolk) were performed according to 

Washburn and Nix (1974). 

Chemical and statistical analysis 

Experimental diets and excreta were analyzed following procedures 

detailed by the Association of Official Analytical Chemists (AOAC 1990) 

for CP, CF, DM and EE. The NFE was calculated by the difference. 

Metabolizable energy (ME) of experimental diets was calculated 

considering the ME values of different feed ingredients (NRC, 1994). Fecal 

nitrogen was determined according to Jakobsen et al. (1960). 

Obtained data were expressed as means ± standard error and statistically 

analyzed by analysis of variance (ANOVA) as a factorial arrangement of 2 

x 2 according to Steel and Torrie (1980). Also, the General Linear Model 

(GLM) procedure of SPSS (1993) computer statistical program was used. 

The significant means were ranked using Duncan's Range Test (Duncan, 

1955). Statistical significance level was tested at probability of PÒ0.05. 
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RESULTS AND DISCUSSION 

Growth performance 

The mean values of growth performance parameters in terms of 

body weight (BW), feed intake (FI), body weight gain (BWG), feed 

conversion ratio (FCR), protein conversion ratio, (PCR), caloric conversion 

ratio (CCR) and mortality rate (MR) % are shown in Table (2). Apart from 

MA, it was observed that feeding HPHE-diets resulted in significant 

increase in BW, BWG, FI, PI, CI, PCR and CCR values and significant 

decrease in MR % as compared to LPLE-diets. However, FCR was not 

significantly affected. Aside from diet type, feeding MA-supplemented diets 

gave significant improvement in BW, BWG, FCR, PCR and CCR as well as 

significant decrease in FI and MR % in comparison to MA-free diets. 

However, both PI and CI were not significantly affected. Supplementing 

MA to HPHE-diet had no significant effect on BW, BWG, FCR, PI, CI, 

PCR and CCR, whereas it significantly decreased FI and MR % as 

compared to the corresponding control diet. However, supplementing MA to 

LPLE-diet significantly improved BW, BWG, FCR, PCR and CCR 

significantly decreased FI and MR %, but it had no significant effect on PI 

and CI.  

These results are in agreement with those which showed that 

organic acids have positive effects on poultry growth (Chaveerach et al., 

2004) and FI was decreased with increasing dietary propionic acid levels 

(Cave, 1984). The improvement in FC may be due to the acidic conditions 

that make the nutrients more available (Boling et al., 2001) which monitors 

better performance. Oppositely, other results have shown that adding MA in 

drinking water did not show significant difference in BW (Moharrery and 

Mahzonieh, 2005) and BW was not significantly affected by organic acid 

treatments (Denli et al., 2003).  

Carcass characteristics 

Data concerning carcass characteristics are presented in Table (3). 

Regardless of MA, it was noted that birds given HPHE-diet had 

significantly increased eviscerated carcass %, dressing %, breast % and 

ovary-oviduct %  but significantly decreased abdominal fat % as compared 

to those fed LPLE-diet. Irrespective of diet type, no significant influence 

was found due to MA supplementation on carcass parameters except for 

abdominal fat % that was significantly decreased and ovary-oviduct % that 

was significantly increased. Adding MA to HPHE-diet had no significant 

influence on eviscerated carcass %, dressing %, breast %, abdominal fat % 

and ovary-oviduct % as compared to the corresponding MA- free diet.  
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However, supplementing MA to LPLE-diet had significantly 

increased eviscerated carcass %, dressing %, breast % and ovary-oviduct %, 

but it significantly decreased abdominal fat % as compared to the 

corresponding MA- free diet. 

Edible giblets and lymphoid organs 

The results illustrated in Table (4) indicated that regardless of MA, 

feeding HPHE-diet had significantly increased liver % and heart %, 

however, gizzard % was not significantly affected as compared to LPLE-

diet. Regardless of diet type, MA supplementation caused no significant 

effect on edible giblets. Supplementing MA to HPHE- or LPLE-diets had no 

effect on edible giblets as compared to the corresponding MA-free diet. 

Concerning lymphoid organs data, it was noticed that neither diet type nor 

MA showed significant effect, except for thymus gland that was 

significantly increased by MA supplementation. Adding MA to HPHE- or 

LPLE-diets caused a significant increase in lymphoid organs % as compared 

to the corresponding MA-free diet. 

The present results are in agreement with those that have shown that 

liver % was not significantly affected by MA  (Moharrery  and Mahzonieh, 

2005) and organic acids (Denli et al. 2003). Thymus is a good indicator of 

immune function. Shelat et al. (1997) revealed that thymus size is a 

sensitive indicator of health and acute or chronic stress response.  

Villus height and width  

The mean of intestinal villus height and width are summarized in 

Table (5). Apart from MA, diet type caused no significant effect on villus 

height and width in different intestinal segments. Irrespective of diet type, 

MA supplemented-diets had significantly increased intestinal villus height 

and width in different intestinal segments as compared to MA-free diets. 

Supplementing MA to HPHE- or LPLE-diets had significantly increased 

intestinal villus height and width in different intestinal segments as 

compared to the corresponding MA-free diets. 

Bacteria enumeration and intestinal pH 

The mean of total microflora count, colibacillus, lactobacillus and 

lactobacillus/colibacillus ratio of the ileum content as well as intestinal pH 

are given in Table (6). Regardless of MA, diet type caused no significant 

effect on total microflora count, colibacillus and lactobacillus and 

lactobacillus/colibacillus ratio of the ileum content as well as intestinal pH. 

Irrespective of diet type, MA supplementation resulted in significant 

decrease in total microflora count, colibacillus count and intestinal pH as 
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well as significant increase in lactobacillus count, lactobacillus/colibacillus 

ratio as compared to MA-free diets. Supplementing MA to HPHE- or 

LPLE-diets resulted in significant decrease in total microflora count, 

colibacillus count and intestinal pH as well as significant increase in 

lactobacillus count, lactobacillus/colibacillus ratio as compared to the 

corresponding MA-free diets. 

These results are in agreement with those of Moharrery and 

Mahzonieh, (2005) who found that E. coli count was significantly 

decreased by MA. This was due to organic acids that can inhibit growth of 

many bacteria and toxin-producing molds (Roy, 2002). Intestinal pH was 

not affected by formic and propionic acids (Thompson and Hinton, 1997). 

The acidic pH allows establishment of microorganisms, particularly 

Lactobacillus spp. (Sarra et al., 1985) and prevents E. coli growth and these 

conditions make the absorptive area more beneficial (Dofing and 

Gottschal, 1997). 

Blood serum parameters 

Results concerning total protein (TP), albumin (Alb), globulin (Glo), 

Alb/Glo ratio, total lipids (TL) and cholesterol (Cho) are shown in Table 

(7). There were no significant differences in either TP or Cho among 

different treatments. Irrespective of MA, HPHE-diet caused significant 

increase in Alb and Alb/Glo ratio and significant decrease in Glo and TL. 

Regardless of diet type, MA supplementation resulted in no significant 

differences among all studied traits. Supplementing MA to HPHE-diet had 

similar Alb, Glo, Alb/Glo ratio and TL values to those of the corresponding 

MA-free diet. The same trend was observed in case of supplementing MA to 

LPLE-diet.  

Nutrients digestibility coefficients 

Data regarding digestibility coefficients of crude protein (CP), crude 

fiber (CF), ether extract (EE) and nitrogen free extract (NFE) values for 

experimental starter-grower diets are given in Table (8). There were no 

significant differences in CF and NFE digestibilities among different 

treatments. Apart from MA, HPHE-diet caused significant increase in CP 

and EE digestibility as compared to LPLE-diet. Away from diet type, MA 

supplementation caused significant increase for only CP digestibility. 

Supplementing MA to HPHE-diet had similar CP and EE digestibility as 

compared to the corresponding MA-free diet. However, supplementing MA 

to LPLE-diet caused a significant increase in CP and similar EE digestibility 

as compared to the corresponding MA-free diet 
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In general, the improvement due to adding MA may be attributed to 

improving intestinal microbial balance. In other words, MA helps to keep 

the intestinal tract healthy and when the epithelial tissue is healthy, there is 

improved and better absorption of all nutrients (Kaistha et al., 1996). 

Economical efficiency 

Economical evaluation parameters for MA supplementation in 

Japanese quail diets varying in CP and ME in terms of feeding cost of the 

experimental diets, net revenue, economical efficiency (EEf) and relative 

economical efficiency (REEf) of meat production are listed in Table (9). 

Results showed that supplementing MA to HPHE-diet failed to 

increase REEf % as compared to the corresponding MA-free diet. The 

highest REEf % was obtained by supplementing MA to LPLE-diet. This 

may be due to FCR improvement and low FI for birds fed this experimental 

diet. Other explanation is the beneficial effect of MA which improved 

absorption of nutrients and depressed harmful bacteria that causes growth 

depression. 

Laying performance 

Results concerning laying performance in terms of egg production 

(EP) %, egg number (EN), egg weight (EW), egg mass (EM), feed intake 

(FI) and feed conversion ratio (FCR) values are shown in Table (10). 

Irrespective of MA, HPHE-diet caused significant improvement in EP %, 

EN, EW, EM and FCR as well as significant decrease in FI as compared to 

LPLE-diet. These results are in harmony with those of Abdel-Rahman 

(1993); Shrivastav et al., (1993); Zanaty et al. (2001); Yakout et al. 

(2004) and Garcia et al., (2005) who reported that EP, EW, EM and FCR 

were improved with increasing dietary CP level. However, Garcia et al., 

(2005) reported that FI was not significantly affected by dietary CP level. 

Regardless of diet type, MA supplementation caused significant 

improvements in EP % and FCR as well as a significant decrease in FI. 

Supplementing MA to HPHE-diet had similar EP %, EN, EW, EM and FCR 

to the corresponding MA-free diet. The only exception was FI that was 

significantly decreased as compared to the corresponding MA-free diet. On 

the other hand, supplementing MA to LPLE-diet caused significant 

improvements in EP %, EW, EM and FCR except for FI that was 

significantly decreased as compared to the MA-free diet. 

Egg quality 

Data regarding egg quality in terms of egg shape index (ESI), egg 

specific gravity (SG), shell thickness (STh), shell weight (S) %, yolk weight 
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(Y) % and albumin weight (Alb) % are presented in Table (11). There were 

no significant differences in SG, Y % and Alb % among different 

treatments. These results are in a relative harmony with the results of 

Garcia et al., (2005) who reported that dietary CP levels had no effect on Y 

%. On the contrary, increasing CP level increased Y % and reduced Alb % 

(Akbar et al., 1983), increased Y % (Yakout et al., 2004) and decreased Y 

% (Zanaty, 2006).  

Regardless of MA, HPHE-diet caused significant increase in ESI, 

STh and S %. Similar observations have been reported by Yakout et al. 

(2004) and Zanaty (2006) who found that STh was significantly increased 

with increasing CP. This may be due to the increase in EW or the enhancing 

of Ca deposition in the shell matrix.  

Irrespective of diet type, MA supplementation caused significant 

increase in ESI, STh and S %. Supplementing MA to HPHE-diet had similar 

ESI, STh and S % to those of the corresponding MA-free diet. However, 

supplementing MA to LPLE-diet caused significant increase in ESI, STh 

and S % as compared to the corresponding MA-free diet. 

Egg analysis 

Results concerning egg analysis in terms of albumin protein (Albp) 

%, yolk protein (Yp) %, yolk ether extract (YEE) % and yolk cholesterol 

(YCho) are shown in Table (12). Regardless of MA, HPHE-diet caused 

significant increase in Yp % and significant decrease in YEE % and YCho %. 

These results are in agreement with previous studies of Andersson (1979); 

Akbar  et al., (1983) and Garcia et al., (2005) who reported that Yp contents 

increased with higher dietary CP levels.  

Irrespective of diet type, MA supplementation caused significant 

decrease in YCho %. Supplementing MA to HPHE-diet caused similar Yp % 

and YEE % as well as significant decrease in YCho % as compared to the 

corresponding MA-free diet. The same trend was observed in case of 

supplementing MA to LPLE-diet. 

Economical efficiency 

Economical evaluation parameters for MA supplementation in 

Japanese quail diets varying in CP and ME in terms of feeding cost of the 

experimental diets, net revenue, economical efficiency (EEf) and relative 

economical efficiency (REEf) of egg production are listed in Table (13). 

Results showed that the highest REEf % was obtained by 

supplementing MA to LPLE-diet. This may be due to the FCR improvement 

and low FI for birds fed this experimental diet. Other explanation may be 
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due to the beneficial effect of MA which improved absorption of nutrients 

and depressed harmful bacteria that causes egg production depression. 

From nutritional and economical point of view, it could be concluded 

that using MA at a level of 0.05 % in Japanese quail diets containing sub-

optimal energy and protein levels helped in reducing microflara count, 

particularly pathogens and in turn, improving quail performance and 

immunity. However, using MA at a level of 0.05 % in Japanese quail diets 

containing optimal energy and protein levels caused an increase in EM and 

a decrease in FI and in turn, improving REEf %. 
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