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Worldwide, antimicrobial feed additives are used in animal
husbandry to improve the economy and ecology of animal
production by increasing growth rate, decreasing feed
expenditure per gain and diminishing the risk of disease
(Hays 1981, Gropp et al. 1992). But the unavoidable spread
of bacterial resistance and cross-resistance to antibiotics used
in veterinary and human therapy (Barton 1998,
Khachatourians 1998) by the use of antibiotics is increasingly
considered as a hazard, therefore the approval of
antimicrobial growth promoters was phased out by many
countries. Organic acids are important alternative to
antibiotics exclusively used as growth promoter and for
improvement of feed efficiency of farm animals (Esteive et
al. 1997). European Union approved citric acid (CA), an
organic acid, as feed preservative. It shows enough
antimicrobial action in the gastrointestinal tract and
ultimately improves the growth rate of poultry (Eidelsburger
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ABSTRACT

The study was conducted for 35 days to observe the performance and immune status of broiler providing low level
of nutrients but using citric acid (CA) as feed additive. Day-old broiler chicks (216) were distributed into 4 dietary
groups (6 replicates cages having 9 birds in each) as 1,control (22.1% CP and 2961 Kcal ME/kg); 2, low protein+0.5%
CA; 3,low energy+0.5% CA; and 4,low protein and energy+0.5%CA. At the end of the trial, broiler chicks of the groups
1, 2, 3 and 4 gained their body weight 1608±23.03, 1635±26.41, 1638±30.21 and 1652±24.60 g respectively. Total feed
intake was highest in low energy diet. Feed conversion ratio (FCR-kg feed intake/kg weight gain) varied among the
groups, which was low in group 4. Due to addition of CA, the pH of diets reduced (5.91, 5.20, 5.33 and 5.43 in 1, 2, 3
and 4 respectively) but the changes disappeared in feaces expressing the pH level of 5.66, 5.62, 5.69 and 5.67 respectively.
Cost of production per kg live weight of broiler was numerically lower in group 4, where both protein and energy was
low and CA was added. In each case, 0.5% CA improved immunity to the broilers of the groups vaccinated against
Newcastle disease. Therefore, supplementation of 0.5% CA in low nutrient diet (low protein and low energy) reflected
similar weight gain of broiler with further benefits in the elevation of immunity. But further research is needed to find
out the limit of lowering the protein and energy in diet by using certain level of CA.
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and Kirchgessner 1994). It also improves feed conversion
efficiency as well as absorption of minerals (Moghadam et
al. 2006, Nezhad et al. 2007, Chowdhury et al. 2009). It
decreases pH of gastro-intestinal tract of broiler chicks
(Jozefiak and Rutkowski 2005, Rahmani et al. 2005). It helps
to alleviate the immune response of broiler (Abdel-Fattah et
al. 2008, Rahmani et al. 2005). Considering these facts, CA
is safe for human consumption and can be used as growth
promoter in broiler production up to 0.5% level in their rations
(Chowdhury et al. 2009). Now-a-days commercial diets are
formulated providing higher amount of nutrients and
additives that the growth arrived as per genetic potentiality,
but increase the cost of feed. Further addition of CA would
not show the potential effect on growth performance. So,
the study was undertaken to know the growth and immune
status of broiler using CA in low nutrient diet.

MATERIALS AND METHODS

Day-old (264; 42±1.1g/bird) broiler chicks (Hubbard
Classic) were randomly divided into 4 groups having 6
replicate cages in each (9 birds per cage). The dietary groups
were (i) control (22.1% CP and 2961 KcalME/kg), (ii) low
protein + 0.5% CA, (iii) low energy + 0.5% CA, and (iv)
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low protein and low energy + 0.5% CA (Table 1). Diets were
formulated using maize, rice polish, soybean meal, meat and
bone meal, soybean oil, oyster shell, DL-Methionine, di-
calcium phosphate, L-lysine, vitamin-mineral premix,
common salt and choline chloride (following nutrient
recommendation guide for broiler). Feeds and water were
supplied to all birds on ad lib basis. Birds were reared
carefully considering animal welfare guideline (Harlan
1986).

Birds from three replicate cages from each group were
vaccinated through ocular method against Newcastle disease
at the age of day 7 and booster dose at day18. It was
mentioned that maternal antibody in chicks derived from
vaccinated breed is retained up to 12 days (Chowdhury et al.
1982) and 15 days (Islam et al. 2003). Saeed et al. (1988)
also reported that, maternal derived antibody decline to zero
15–20 days and totally zero at day 25.

The sample of feed and feaces were taken for
determination of pH. Blood sample from day-old-chick was
collected directly from the heart. At day 17 and 28 of age,
blood was also collected from the wing vein. The serum from
the blood was centrifuged at 1,500 rpm for 15 min to obtain
clear serum. After inactivation of the serum at 56°C for 30
min in water-bath it was preserved at –20°C until used
(Samad 2001).

Blood from non-vaccinated chicks was collected from
wing vein using 4% tri-sodium citrate (1:10) and subjected
to washing with phosphate buffer saline (PBS) by
centrifugation at 1 000 rpm for 10 min. Packed final RBC
was found after 3 consecutive washing; 0.25 ml of the pelleted
RBC was mixed to 49.75 ml of PBS to prepare 50 ml of
0.5% RBC suspension. Heamagglutination inhibition (HI)
test was performed to determine the antibody titre of the sera
collected from different groups of the chicks. The test was
conducted by using constant virus (4 HA unit) and decreasing
serum antibody level.

Feed samples were analyzed for proximate components
according to AOAC (1990). Data were analyzed by using
statistical SPSS 11.0 program for one way analysis of
variance (ANOVA). Duncan’s multiple range test was done
to know the differences among the groups at 5% level of
significance (Duncan 1955, Steel and Torrie 1980).

RESULTS AND DISCUSSION

Initial weight was similar in all the groups (42±1.1g/chick)
but during the age of day 14, 21 and 28 the live weight of
bird was different (P<0.05) among the groups (Table 2).
Finally at the age of 35, the birds of the group 4 attained
highest weight, which was 2.74% higher than control
and almost similar to the birds of group 2 and 3, although
was different significantly (P>0.05). This study revealed that,
although reducing either protein or energy or both in diet
but addition of 0.5% CA showed similar performance as
control. The probable reason may be the CA in diets could
improve nutrient digestibility (Ziaei et al. 2000 and Atapattu
and Nelligaswatta 2005) and prevents the growth of harmful
microorganisms (Naidu 2000; Wolfenden et al. 2007) which
helps to maintain the performance even lowering the protein
and energy level. Findings of other researcher also agreed
and indicated that the CA has positive effect on live weight
of broiler (Chowdhury et al. 2009, Deepa et al. 2011).

Feed intake seems significantly higher in low energy diet
(P<0.05). Ultimately low in both protein and energy diet
reflected better feed conversion efficiency at the end of the
trial (P<0.05). In the present study, feed intake of broilers of
different experimental groups was significantly increased
(P<0.05). This might be due to low energy content in diet,
because feed intake was more to recover the energy
requirements (Plavnik et al. 1997, Nahashon et al. 2005).
Better feed conversion ratio was observed in the birds of
group 4 compared to other groups (P>0.05), which would be

Table 1. Formulation of feeds and their chemical
composition (g/100g)

Dietary groups#

Formulation 1 2 3 4
(Control) (LP) ª (LE) ª (LP and LE) ª

Maize 40.15 47.65 43.55 49.00
Rice polish 15.00 13.00 15.00 14.50
Soybean meal 30.80 25.00 28.90 26.42

(CP 44%)
Citric acid 0.00 0.50 0.50 0.50
Meat and bone meal 7.00 7.00 8.00 5.00

(CP 45%)
Soybean oil 3.00 2.80 0.00 0.00
Oyster shell 0.10 0.10 0.10 0.30
DL-methionine 0.30 0.30 0.30 0.30
DCP 2.00 2.00 2.00 2.00
L-lysine 0.10 0.10 0.10 0.10
Vit-mineral premixb 1.00 1.00 1.00 1.00
Common salt 0.50 0.50 0.50 0.50
Choline chloride 0.05 0.05 0.05 0.05
Total 100 100 100 100
Composition (%)
Dry matter 88.0 88.0 88.0 86.0
Crude protein 22.1 19.9 22.0 19.8
Crude fiber 4.35 3.75 3.95 4.20
Ether extract 2.85 2.40 2.35 2.55
Nitrogen free extract 47.07 51.43 48.40 51.15
Crude ash 11.63 10.52 11.30 10.30
ME (Kcal/kg DM)c 2961 2988 2791 2817

#1,Control (22.1% CP and 2988 kcal ME/kg); 2, Low protein;
3,Low energy; 4,Low protein and low energy ªaddition of 0.5%
citric acid (5 g/kg feed)

bVitamin mineral premix: Vitamin A, 4 800 000 IU/kg; D3, 1
000 000 IU/kg; E, 8,000 mg/kg, K3 1600 mg/kg, B1 600 mg/kg, B2
2000 mg/kg, B3 1600 mg/kg, B6 1600 mg/kg, B12 4 mg/kg, PP
12,000 mg/kg; biotin 20 mg/kg; iron 9600 mg/kg; copper 2400
mg/kg; manganese 19,200 mg/kg; cobalt 120 mg/kg; zinc 16,000
mg/kg.
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the reflection of result of weight gain and feed intake
supported by other researchers (Eidelsburger and
Kirchgessner 1994, HuiFang et al. 2005, Chowdhury et al.
2009).

Due to addition of CA, the pH of diets reduced but the
changes disappeared in feces expressing the similar pH level
shown in Table 3. Nourmohammadi et al. (2011) found that
the addition of CA in broiler diet decrease the pH of feed
which increased towards lower gut of the bird, these findings
are similar to the present result. Different biochemical
reactions and buffering capacity changed the pH of feed
ingested throughout the tract. Overall mortality was 0.9%
which is lower than accepted limit of commercial broiler.

Only 2 birds died belonged to the groups of 2 and 3 during
age of day 35.

Highest antibody titre (GMT value was 80 HI) was in the
serum of day-old birds (Table 4) which was maternally
derived antibody (MDA). The MDA titre was disappeared
in the non-vaccinated group of birds on day 17. In vaccinated
groups, serum titre against ND was highest in group with
diet containing LE and CA (96.00 HI) followed by 42.67
and 42.00 in group 2 and 4, respectively, but in control group
it was only 22.40. At the age of 28, the HI titre was highest
(148) in group fed diet contained LE with CA followed by
96, 44 and 22 in group 4, 2 and 1 respectively.

Schmidt and Schmidt (1955) reported the minimum
protection level of serum HI antibody titre i.e 32. They also
mentioned that the HI titre of serum above 32 resisted the
chickens against challenge with virulent NDV. So, the diet
containing CA has potentiality to resist the virulent challenge
by helping the increasing level of antibody titre in the broiler.
The CA enhance antibody titre of vaccinated birds, because
CA increase digestibility of crude protein (Atapattu and
Nelligaswatta 2005) which increase the amino acid level and
protein (globulin) in blood stream are important to produce
antibody upon introducing antigen/vaccine.

Reduction of protein and energy in diets result a

Table 2. Live weight (g), live weight gain (g), feed intake (g) and feed conversion ratio of broilers in different dietary groups

 Parameters Dietary groups#

1(Control) 2(LP) ª 3(LE) ª 4(LP and LE) ª Sig.

Day-old-weight on d 14 42±1.1325a±4.80 42±1.1329ab±6.31 42±1.1335b±6.90 42±1.1345c±11.30 NS*
Weight on d 21 666a±7.97 676ab±11.01 685b±8.70 690b±13.84 *
Weight on d 28 1131b±14.98 1144ab±21.86 1128b±11.56 1159a±26.05 *
Weight on d 35 1608±23.03 1635±26.41 1638±30.21 1652±24.60 NS
Total BWG 1561±23.19 1587±26.08 1591±29.78 1604±24.61 NS
Feed intake 3532b±53.74 3548b±16.37 3615a±43.89 3532b±47.85 *
FCR(kgFI/kgLWG) 2.26a±0.03 2.24ab±0.03 2.27a±0.06 2.20b±0.04 NS

abc,means with dissimilar superscripts are significantly different (P<0.05)*; NS: not significant (P>0.05).

Table 4. Result of HI test of different group of chicken
vaccinated with NDV vaccine: (Average antibody titre)

Dietary groups#

1 2 3 4
(Control) (LP) ª (LE) ª (LP and LE) ª

0 day*
Non-vaccinated 80.0 80.0 80.0 80.0
Vaccinated 80.0 80.0 80.0 80.0

17 days**
Non-vaccinated 4.00  6.00 4.00 8.00
Vaccinated 22.40 42.67 96.00 42.00

28 days***
Non-vaccinated <4.00  <4.00  <4.00  <4.00
Vaccinated 22.00 44.00 148.00 96.20

*Maternal antibody titre (MAT); **average antibody titre after
first vaccination; ***average antibody titre after second
vaccination.

Table 3. pH of diet and feaces of birds of different dietary groups

Parameters Dietary groups#

1 2 3 4
(Control) (LP) ª (LE) ª (LP and LE) ª

pH in diet 5.91 5.20 5.33 5.43
pH of feaces 5.66 5.62 5.69 5.67

Table 5. Economic study (in BDT) of broiler production in
different dietary treatments

Dietary groups#

1 2 3 4
(Control) (LP) ª (LE) ª (LP and LE) ª

Cost/kg feed@ 27.35 27.24 26.10 25.00
Cost(feed/broiler) 96.59 96.65 98.21 88.28
Cost (feed+chick)/ 121.59 121.65 123.21 113.28

broiler
Cost (feed+chick)/kg 77.88 76.65 77.47 70.62

live weight
*Sale revenue/bird 128.64 130.80 131.04 132.16
Profit/bird 7.05 9.15 7.83 18.88

@, price of feed during November 2009.*Market price of broiler
Tk.80 per kg.



632 DAS ET AL. [Indian Journal of Animal Sciences 82 (6)

progressive decrease in feed cost compared to control (Table
5). The cost of chick and feed (BDT/kg broiler) was lowest
in 4 (70.62) which were responsible for highest profit of that
group. As other cost remain similar so profit per bird
calculated as deducing the cost of feed and chick.

It is clear that the diet which contains low level of protein
and energy the performance might be maintained by the
addition of 0.5% CA. Moreover, the CA enhances to increases
the antibody level against ND which is a clear indication of
improving immunity of birds. Further research is needed to
find out the limits of lowering the protein and energy in diet
by using certain level of CA.

REFERENCES

Atapattu N S B M and Nelligaswatta C J. 2005. Effect of
citric acid on the performance and utilization of
phosphorous and crude protein in broiler chickens fed rice by
products based diets. International Journal of Poultry Science
4: 990–93.

Abdel-Fattah S A, EI-Sanhoury M H, EI-Mednay N M and Abdul-
Azeem F. 2008. Thyroid activity of broiler chicks fed
supplemental organic acid. International Journal of Poultry
Science 7: 215–22.

AOAC. 1990. Official Method of Analysis 15th edn. Association
of Official Analytical Chemists. Washingoton D C, U S A.

Barton M D. 1998. Does the use of antibiotics in animals affect
human health. Australian Veterinary Journal 76: 177–80.

Chowdhury R, Islam K M S, Khan M J and Karim M R. 2009.
Effects of dietary supplementation of citric acid, avilamycin
and their combination on the growth performance, tibia ash and
immune status of broiler. Proceedings of the Seminar and
International Poultry Show. pp.133. World Poultry Science
Association, Bangladesh.

Chowdhury S I, Chowdhury T I M F R, Sarker A J, Amin M M and
Hossain W I M A. 1982. The role of residual maternal antibody
on Immune response and selection of an optimum age for
primary vaccination of chicks. Studies on Newcastle disease in
Bangladesh. A research report. 2. Pp.12–22.

Deepa C, Jeyanthi G P and Chandrasekaran D. 2011. Effect of
phytase and citric acid supplementation on the growth
performance, phosphorus, calcium and nitrogen retention on
broiler chicks fed with low level of available phosphorus. Asian
Journal of Poultry Science 5: 28–34.

Duncan D B. 1955. Multiple range test and multiple F test.
Biometrics 11: 1–42.

Eidelsburger U and Kirchgessner M. 1994. Effect of organic acids
and salts in the feed on fattening performance of broilers. Archiv-
Für-Geflugelkunde 58: 268–77.

Esteive G E, Brufau J and Perez V A M A K. 1997. Bioefficacy of
enzyme preparations containing betaglucanase and xylanase
activities in broiler diets based on barley or heat, in combination
with flavomycin. Poultry Science 6: 1728–37.

Gropp J M, Birzer D and Schuhmacher A. 1992. Vom Gesamtnutzen
der Futterzusatz-stoffe; ein Beitrag zur Auflösung des
Widerstreits von Ökonomie und Ökologie. pp.168–204.
Schriftenreihe der Akademie für Tiergesundheit, Bonn, Band
3. Verlag der Ferber’schen Universitätsbuchhandlung Gießen.

Harlan J R. 1986. The plants and animals that nourish Man.

Scientific America 235: 88–97.
Hays V W.1981. The Hays Report: Effectiveness of feed additive

usage of antibacterial agents in swine and poultry production.
Long Beach, CA: Rachelle Laboratories. Report 12476–01,5/
pp. 81 & 91.

HuiFang S, ChuiWang H and Wang D B. 2005. Efffect of citric
acid on production performance of three yellow chicken. China-
Poultry 27: 14–15.

Islam M R, Haque Q M, Giasuddin M, Alam J and Rahman M M.
2003. Assessement of maternally derived antibody of
commercial flock against Newcastle Disease. Proceeding of 3rd

International Poultry Show and Seminar. Bangladesh China
Friendship Conference Center, 28 Feb-2 March 2003, Dhaka,
Bangladesh.

Jozefiak D and Rutkowski A. 2005. The effect of supplementing a
symbiotic, organic acids or b-glucanase to barley based diets
on the performance of broiler chickens. Journal of Animal Feed
Science 14: 447–50.

Khachatourians G G. 1998. Agricultural use of antibiotics and the
evolution and transfer of antibiotic-resistant bacteria. Canadian
Medical Association Journal 159:1129–36.

Moghadam A N, Pourreza J and Samie A H. 2006. Effect of different
levels of citric acid on calcium and phosphorus efficiencies in
broiler chicks. Pakistan Journal of Biological Science 9: 1250–
56.

Nahashon S N, Adefope N, Amenyenu A and Wright D. 2005. Effect
of dietary metabolisable energy and crude protein concentrations
on growth performance and carcass characteristics of French
guinea fowl broilers. Poultry Science Journal 84: 337–44.

Naidu A S. 2000. Natural food antimicrobial systems. CRC Press
USA. pp. 431–62.

Nezhad Y E, Shivazad M, Nazeeradl M and Babak M M S. 2007.
Influence of citric acid and microbial phytase on performance
and phytate utilization in broiler chicks fed a corn-soybean meal
diet. Journal of Faculty Veterinary Medicine University of
Tehran 61: 407–13.

Nourmohammadi R, Hosseini S M, Saraee H, Arab A, and Arefinia
H. 2011. Plasma thyroid hormone concentration and pH values
of some GI-tract segments of broiler fed on different dietary
citric acid and microbial phytase levels .
Journal of Animal and Veterinary Advances 10: 1450–54.

Plavnik I, Wax E, Sklan D, Bartov I and Hurwitz S. 1997. The
response of broiler chickens and turkey poults to dietary energy
supplied either by fat or carbohydrates. Poultry Science 76:
1000–05.

Rahmani H R, Speer W and Modirsanei M. 2005. The effect of
intestinal pH on broiler performance and immunity. Proceedings
of the 15th European Symposium on Poultry Nutrition. pp. 338–
40. Balatonfured, Netherlands: World’s Poultry Science
Association, Hungary.

Saeed Z, Ahmad S, Rizvi AR and Ajmal M. 1988. Role of maternal
antibody in determination of an effective Newcastle disease
vaccination programme. Pakistan Journal of Veterinary
Research 1: 18–21.

Samad M A. 2001. Poshu Palon O Chikitsavidya. 2nd edn. LRP 8.
Bangladesh Agricultural University Campus, Mymensingh,
Bangladesh.

Schmidt U and Schmidt  D. 1955. Connection between
hemagglutination inhibiting antibodies and immunity after
vaccination against Newcastle disease. Archive Experimental

92



June 2012] CITRIC ACID IN LOW NUTRIENT BROILER DIET 633

Veterinary Medicine 9: 505–16.
Steel G D and Torrie J H. 1980. Principles and Procedure of

Statistics. McGrow Hill Book Company, New York.
Wiseman J. 1987. Feeding of Non-ruminant Livestock. pp.10.

Butterworths and Co. Ltd., London.
Wolfenden A D, Vicente J L, Higgins J P, Fillo R L A, Higgins S E,

Hargis B M and Tellez G. 2007. Effect of organic acids

and probiotics on salmonella enteritidis infection in
broiler chickens. International Journal of Poultry Science 6:
403–05.

Ziaei H, Bashtani M, Torshizi K M A, Farhangfar H, Naeemipour
H and Zeinali A. 2000. Effect of dietary medicinal plants or an
organic acid on ileal nutrient digestibility of Ross broiler
chickens. Journal of Animal Science 87: 428.

93


	ijas-Jun12-c1
	ijas12June-c2
	ijas12June-00
	ijas12June-01
	ijas12June-02
	ijas12June-03
	ijas12June-04
	ijas12June-05
	ijas12June-06
	ijas12June-07
	ijas12June-08
	ijas12June-09
	ijas12June-10
	ijas12June-11
	ijas12June-12
	ijas12June-12a
	ijas12June-13
	ijas12June-14
	ijas12June-15
	ijas12June-16
	ijas12June-17
	ijas12June-18
	ijas12June-19
	ijas12June-20
	ijas12June-21
	ijas12June-22
	ijas12June-23
	ijas12June-24
	ijas12June-25
	ijas-Jun12-c3
	ijas-Jun12-c4
	ijas-Jun12-c3
	ijas-Jun12-c4

