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ARTICLE INFO ABSTRACT
Received:  July 12, 2013 The intent of this study was to explore the effect of different levels of citric acid
Accepted:  Mar 17, 2014 on carcass characteristics, haemogram, leukogram and serum metabolite values of
Online: Mar 21, 2014 broiler chicken. One hundred eighty 1-day-old broiler chicks were procured from
a local hatchery and reared in a group. At the end of first week, one hundred
Keywords twenty chicks of middle body weight range (137+5g)were selected and divided
Broiler into twelve replicates with ten chicks in each. These units were allotted to four
Carcass treatment groups vis A, B, C and D in such a way that each group had three
Citric acid replicates. Group A was kept as control without any supplementation; whereas,
Haemogram groups B, C and D were supplemented with citric acid at dose rates of 0.5, 1.0 and
Leukogram 1.5%, respectively. Dressing percentage was significantly improved, while

relative breast meat, thigh meat and giblet weight were not significantly affected
by dietary acidification. Significant reduction in abdominal fat weight was found
with increased level of citric acid in diet. Citric acid had non-significant but
positive effect on haemogram, leukogram and serum metabolite values of broilers.
*Corresponding Author: Hence, it was concluded that citric acid can be used in broiler ration to improve
shahidurrehman@uaf.edu.pk performance/health status of broilers.

INTRODUCTION 2003). Herbs and herbal products, probiotics,
prebiotics, enzymes, microflora enhancers, immuno-
Poultry is susceptible to potentially large number ofmodulators and organic acids (acidifiers) should be
pathogenic microorganisms likE. coli, Salmonella taken into account as alternatives of antibiotics (Haq et
ssp.andClostridia. These pathogenic microflora are al., 2012).
normally present in the small intestine of birds andVariety of weaker organic acids has long been used for
compete for nutrients with the host and thus decreasthe acidification of diets. These acids also reduce the
the digestibility of fat and fat-soluble vitamins, due to pathogen growth and assembly of toxic metabolites,
deconjugating effects of bile acids resulting intowhile enhancing digestion of proteins and elements like
depressed growth performance and higher diseasén, Mg, Ca, P. Organic acids, in addition, have a role as
incidence (Engberg et al.,, 2000). Widespread andubstrates in the intermediary metabolism
consistent antibiotics usage has led to emergence of (&irchegessner and Roth, 1982). Citric acid is among
variety of resistant bacterial strains. Resistance isveak organic acids. Conjugate base of citric acid is
mainly seen among Gram-negative bacteria, like E. coltitrate, it is an important intermediate in citric acid
and Salmonella spp., affecting poultry and has causedycle. It is a six carbon compound with chemical
strongest protests against antibiotic use (Gustafson arfdrmula GHgO;. Molecular mass of citric acid is
Bowen, 1997) primarily due to residual effects.192.1235 g/mole and density is 1.66 dicits crystals
European Union has strictly banned the use ofre soluble in water. The mode of improvement in the
antibiotics in poultry since January, 2006. Thereforedigestibility of protein is by lowering the pH of chyme
antibiotic substitutes are of great interest to thos€Gauthier, 2002). Lower pH of digesta, increases pepsin
associated with poultry industry (Waldroup et al.,activity (Afsharmanesh and Pourreza, 2005).
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Pepsinogen is converted to pepsin which splits thenetabolites. Blood containing EDTA was used for the
protein into peptides. The peptides in turn activate theletermination of haemogram and leukogram while
hormone release including cholecystokinin and gastrirserum was collected for the determination of glucose,
(Hersey, 1987). These hormones initiate absorption ancholesterol, total protein, albumin, globulin, A/G ration,
digestion of minerals, amino acids, and proteinscalcium and phosphorus. Haemogram and leukogram
Organic acids increase secretions by pancreas (Adil etalues were determined by auto-analyzer, whereas
al., 2010). Higher levels of pancreatic juice productionvalues for serum metabolites were determined by using
leads to better protein digestion due to greatecommercially available kits. Birds were fastened for
availability of enzymes like chymotrypsinogen A, approximately 12 hours. At day 42, 3 birds per replicate
chymotrypsinogen B, trypsinogen, procarboxywere randomly selected to be slaughtered in order to
peptidase A & procarboxy peptidase B. record dressing percentage, relative breast and thigh
Citric acid boosts the population of lymphocytes inmeat, relative abdominal fat weight and relative giblet
lymphoid tissues, thereby improving the innateweight. For interpretation of results, the data collected
immunity (Haque et al2010). It reflected an increased were subjected to statistical analysis to find out the
availability of immunocompetent cells in the gastrostatistical differences between different treatment
intestinal tract (Chowdhury et .al2009). This gave groups (Steel et 211996).

better protection and immunity to the host against

gastro intestinal tract diseases (Abdel-Fattah et alRESULTS AND DISCUSSION

2008). Dietary acidification increases serum globulin

(Rahmani and Speer, 2005). Serum globulin enhancediesults for slaughtered data are presented in table 1.
specific immunity (Das et al2011). Gamma globulin Dressing percentage, relative breast and thigh meat,
is a source of antibody production, so its serum levelselative giblet weights were calculated. Slaughtered
are a reliable indicator of immune response.data in terms of dressing percentage, relative breast and
Consequently a better disease resistance is available ttigh meat, relative abdominal fat weight and relative
the host (GrimingerandScanes, 1986). giblet (liver, heart and gizzard) weight were also
The overall objective of this study was to evaluate thecalculated (table 1). Analysis of variance revealed that
effect of supplementing different levels of citric acid ondressing percentage was significantly improved
carcass characteristics, haemogram, leukogram anghereas, relative breast and thigh meat, relative giblet

serum metabolite values of broilers. weights were not affected by dietary citric acid
supplementation. Relative abdominal fat weight was
MATERIALS AND METHODS significantly reduced by citric acid supplementation.

Dietary supplementation of various levels of citric acid
180 healthy day old broiler chicks (Hubbard 15) werein broilers exhibited a significant increase in dressing
procured from local market and were reared in a grouppercentage (without skin). Average improvement in
Chicks were brooded in a warmed fumigated broodingiressing percentage was between 0.66 to 2.18% by the
pen. At the end of first week, 120 chicks of middle use of citric acid in feed.The results of present study are
weight range were selected and these chicks wer@ line with Chowdhury et al. (2009), Hassan et al
divided intol2 experimental units. These units werg2010), Hudha et al. (2010) and Tollba (2010) who
further randomly allotted to 4 treatment groups (A, B, Creported significant increase in dressing percentage by
& D) such that each group had 3 replicates with 1&he use of citric acid in feed. The results are in
chicks each. The birds were fed standard starter (2-dgreement with Alcicek et a{2004) who reported an
wks) and finisher (5-6 wks) diets in mash form. Bothincrease in dressing percentage as compared to control
the rations formulated were iso-caloric and iso-by the use of organic acid mixture containing citric
proteinaceous. acid. Acidification might has increased the cell
Each experimental group was fed ad-libtum with itsproliferation and in this manner increased the muscle
own diet for 35 days. Groups were randomly assignedize. Contrary to present study Denli et al. (2003)
to following treatments: (Group A) Experimental ration reported non-significant effect of organic acid
+No  Supplementation (control), (Group B) supplementation on dressing percentage. The results are
Experimental ration +0.5% citric acid/kg ration, (Group not in line with Islam et al. (2008), Abdel-Fattah et al
C) Experimental ration +1.0% citric acid/kg ration, (2008) and Adil et al(2010) who supplemented citric
(Group D) Experimental ration +1.5% citric acid/kg acid to broilers and concluded non-significant effect on
ration. Proper sanitation and vaccination scheduledressing percentage of broilers. Supplementation of
were followed in order to minimize the chances ofdifferent levels of citric acid showed non-significant
disease outbreak. Lighting regime was 24 hours a daeffect on relative breast meat of broilers of different
On day 40, blood from three birds per replicate wagreatment groups. Whereas Hudha e{(2010) reported
collected for the analysis of blood chemistry and serunsignificant effect of dietary acidification on thigh meat
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Table 1: Average values for dressing percentage, relative breast meat, relative thigh meat, relative abdominal fat and
relative giblet weights of broilers fed different levels of citric acid

Parameters Treatments
A(control) B(0.5% CA) C(1.0% CA) D(1.5% CA)

Average total weight gain per chick (g) 1993.3 1991.7 2058.7" 2171.7
Average dressing percentage (without skin) 66.56 67.00" 67.63" 68.0T
Relative breast meat (g) 23.51 23.46 23.61 23.81
Relative thigh meat (g) 4.72 4.72 4.75 4.76
Relative abdominal fat weight (g) 2.04 1.89 1.74 1.62
Relative liver wt. (g) 2.25 2.07 2.10 1.96
Relative heart wt. (g) 0.43 0.41 0.43 0.38
Relative gizzard wt. (g) 2.38 2.53 2.33 2.15

Same superscripts in rows show non-significant differences.

Table 2: Average values of haemogram, leukogram and serum metabolites of broilers fed different levels of citric acid

Treatments
Parameters A (control) B (0.5% CA) C (1.0% CA) D (1.5% CA)
Haemogram
Red blood cells (M/uL) 2.13 2.28 2.21 2.32
Packed cell volume (%) 32 34 33 34
Haemoglobin (%) 12.18 17.68 16.47 17.87
Leukogram
Total leukocyte count (K/uL) 19.42 23.22 18.32 24.82
Neutrophils (%) 6.00 6.33 6.37 6.66
Lymphocytes (%) 62.50 64.17 65.33 66
Serum metabolites
Glucose (mg/dl) 177.5 1775 183.83 180.17
Cholesterol (mg/dl) 138 130 127.33 120.50
Total Protein (g/dl) 3.00 3.02 3.20 3.25
Albumin (g/dl) 2.17 2.17 2.18 2.20
Globulin (g/dl) 0.83 0.85 1.02 1.05
A/G ratio 2.42 2.57 2.42 2.55
Calcium (mg/dl) 8.57 8.73 8.68 8.75
Phosphorus (mg/dl) 6.43 6.68 6.73 6.88

Same superscripts in rows show non-significant differences.

while non-significant effect on breast meat. In the preserdre supported by the findings of Denli et@003) who
study relative abdominal fat weight was significantly reported that organic acid supplementation had non-
affected by the use of different levels of citric acid. significant effect on relative giblet weights of broilers.
There was 7.35-20.59% decrease in abdominal fat b@ur findings are also in agreement with Islam et al
the use of citric acid in broiler feed. The results of(2008) who reared broilers and supplemented them
present study are in agreement with Abdel-Fattah et atitric and acetic acid, on slaughtering noted that dietary
(2008) who reported significant decrease in abdominafreatments had no effect on giblet weight. Our results
fat by the use of citric acid in broilers feed. The resultsare also in line with the findings of Hassan e{(2010)

are also in line with Akyurek and Yel (2011) who and Adil et al (2010), who reported non-significant
reported that abdominal fat was lowered byeffect of citric acid supplementation on relative weights
supplementing organic acids to broilers. The result obf giblet of broilers. Hudha et a{2010) and Akyurek
abdominal fat percentage was not in line with theand Yel (2011) also reported that giblet weights of broilers
findings of Denli et al(2003) who reported statistically were not affected by organic acid supplementation.
non-significant effect on abdominal fat by the use ofResults for haemogram (red blood cells, packed cell
organic acid. Similar results were also reported bywolume and haemoglobin), leukogram (total leukocyte
Hudha et al. (2010) and Akyurek and Yel (2011).count, neutrophils and lymphocytes) and serum
Whereas, Alcicek et a(2004) reported that abdominal metabolites (glucose, cholesterol, total protein,
fat was increased by the use of organic acid mixturealbumin, globulin, A/G ratio, calcium and phosphorus)
Difference in results may be due the energy content adire presented in Table 2. Analysis of variance revealed
the feed and level of citric acid used in broiler feed. non-significant effects on haemogram, leukogram and
In present study, supplementation of different levels oserum metabolites. Haemoglobin percentage was an
citric acid in broilers showed non-significant effect on optional that was significantly increased by dietary
relative giblet weight (liver, heart and gizzard). Resultssupplementation of citric acid in broiler feed.
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Haemogram (red blood cells, packed cell volume and2010) and Kaya and Tuncer (2009). Plasma proteins
haemoglobin) and leukogram (total leukocyte count anére predominantly synthesis in liver, plasma cells,
differential leukocyte count) are an aid in judging thelymph nodes, spleen and bone marrow. In disease
disease status of birds. From present study it wasonditions percentage can deviate from normal value.
concluded that different dietary levels of citric acid hadElevation in the level of serum total protein may be due
non-significant effect on haemogram and leukogranto the reason that the organic acids enhance the ecology
values except the haemoglobin percentage which wasf microflora in the Gl tract especially the cecum flora
higher in treated groups as compared to control. Similathrough enhancement and growth of the microflora, this
findings were reported by Tollba (2010) who reportedmicroflora had the ability to convert the retrogradely
that organic acids did not show any significant effect oruric acid which carried to the cecum from the
haematological values. coprodeum to amino acids since that the cecum is also
Supplementation of different levels of citric acid important in amino acids absorption and has greater
showed non-significant differences in the concentratiorability to transport amino acids than sugar. This point
of serum glucose among all the treatments confirmingnay contribute with enhancement of body weight and
earlier findings. Hernandez et al. 2006 reported thathe level of serum total protein. Whereas Abdel-Fattah
supplementation of organic acids in broilers had neet al (2008) and El-Hakim (2009) reported non-
effect on blood metabolites. Present research findingsignificant effect of organic acids on total protein and
are in line with Aziz (2010) and Adil et.g2010) who albumin. Similar findings were reported by Alena and
reported non-significant effect of lactic acid, butyric Maria (2010) who used blend of acidifiers in water to
acid and fumaric acid on serum glucose. note the outcome on performance and biochemical
Supplementation of different levels of citric acid to parameters in broilers. These contradictions in results
broilers showed reduced serum cholesterol value awmay be due to the strain of broiler, housing of broilers,
compared to control. These results are supported by ttemino acid profile of the feed ingredients used in feed
findings of Abdel-Fattah et al(2008) who reported formulation and levels of acid used in feed.

significant reduction in cholesterol of broilers when Conclusion

supplemented with acetic acid, citric acid and lacticConclusion drawn was that supplementation of different
acid. Results of present study are also in line witHevels of citric acid had increased dressing percentage
Tollba (2010) who reported significant reduction in and haemoglobin values. It can be suggested that citric
cholesterol when citric acid was used at the rate of 2%cid can be included in broiler ration as growth
in broilers feed.  Similarly, Aziz (2010) found that promoter without any adverse effect and to boost
dietary acidification reduced serum cholesterol which idisease resistance.

in accordance with present research findings. In
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