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Effects of Using Organic Acids to Substitute
Antibiotic Growth Promoter on the Growth
Performance of Broiler Chickens

ABSTRAC

Antibiotic growth promoters (AGP) are still widely used to improve gut health and growth
performance in the global poultry industry. The continuous and excessive use of AGP has
been thought to decrease the efficacy of AGP and threaten public health by spreading
antibiotic resistant bacteria. The study was conducted to investigate the effect of organic
acids to substitute AGP on the growth performance parameters of broiler chickens. A total
of 150 unsexed day old broiler chicks (Cobb 500) were randomly allocated into five watery
treatments with three replicates containing 10 chicks each. Group To served as control
while the groups T1, T2 and Ts were supplemented with different organic acids (citric acid,
formic acid and acetic acid). However, the group T4 received AGP (oxytetracycline
hydrochloride) at the appropriate dosage. The feeding trial was lasted for 28 days. The
results of the experiment revealed that OAs and AGP supplementation significantly
(p<0.01) improved feed conversion ratio (FCR) than control group. Besides, birds from Ty,
T2 and Ts groups had significantly higher (p<0.05) body weight gain (BWG) compared to
control and AGP groups. Considering the whole experimental period, T1 and T3 groups had
a significantly (p<0.01) FCR than To, T2 and T4 groups. In conclusion, OAs are more
efficient than AGP in improving broiler growth performance and could be successfully used
to substitute AGP in broiler diets, though the effect of all OA mixtures were not same on
performance.

Keywords: Organic acids, Antibiotics, Body weight, Feed consumption, Feed conversion Ratio,
Broilers
1. INTRODUCTION

The poultry industry plays an important role in fulfilling the protein demand of humans in
Bangladesh [1]. It is considered the farmers’ first investment in the livestock ladder as a way
of income generation. Poultry meat supplies by oneself a considerable 37% of the total meat
production in Bangladesh [2]. Similarly, there is a need for high levels of production and
efficient feed conversion in the modern poultry industry, which can be achieved by the use of
specific feed additives [3]. Feed additives have long been part of feed and play substantial
roles in success of poultry production [4]. Specifically, organic acid has been incorporated in
feed or water for the benefit with prevention of intestinal tract disease,
immunity, digestibility of nutrients, and effect on growth performance [5]. In addition to
organic acids, probiotics, prebiotics, extract from medicinal herbs, and exogenous enzymes
are some of the other frequently used feed additives. They are used as antimicrobials,
antioxidants, emulsifiers, binders, pH control agents, and enzymes in the poultry diet [4].

But continuous misuses of antibiotics in livestock production, especially in the poultry
industry have resulted in many problems like the development of antimicrobial-resistant
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bacteria [6]. To minimize health risks, consumers have great preferences for conventional
broiler meat, resulting in shift to antibiotic-free broiler meat production around the globe [7].
However, discrete use of antibiotics is not encouraged and the European Union (EU) has
already banned the use of antibiotics, considering their harmful effect on human or animal
health [8]. The ban on antibiotic use, combined with consumers' preferences, provoked
scholars to look for antibiotic alternatives [9].

In order to find substitutes for antibiotic growth promoter (AGP), different natural additives
have been evaluated. Blended natural additives aiming to improve intestinal health are
commercially available and previous studies have shown that they may modulate gut
microflora [10]. Optimal intestinal health is important for gut barrier function, microflora, and
digestion and absorption of nutrients, contributing to improved growth performance.
Therefore, it is necessary to develop novel feed additives substituting antibiotics to maintain
intestinal health in the poultry production [11]. Among alternatives, organic acids and
essential oils have been used extensively for broiler chickens in different countries [12].
Organic acids or acidifiers, which are considered to be weak carboxylic acids (R-COOH)
such as acetic, propionic, formic, fumaric, lactic, and sorbic acids. It was reported that the
inclusion of organic acids had a positive impact on growth performance, feed efficiency, and
digestibility of nutrients [13, 14].

Individual or blends of several organic acids have been found to perform antimicrobial
activities in poultry diet similar to antibiotics [15]. In addition to the antimicrobial activity of
organic acids, they possess some other biological activities as well such as better intestinal
health for efficient utilization and absorption of nutrients, hence improving broiler's overall
health and performance. For intestinal villi, organic acids are considered readily accessible
cause of energy and stimulate their differentiation and multiplication, and consequently
escalate feed efficiency [16].

Furthermore, studies demonstrate that supplementation of organic acids to broiler diets has
been reported enhancement of growth performance along with carcass characteristics in
broiler chickens [17]. The EU now allows the use of organic acids and their salts in poultry
production as these are considered as safe [16]. Since the use of in-feed antibiotics will be
restricted all over the world in future, there will be growing interest for using suitable feed
additives (organic acids) as a bioactive compound for improving gut health and better growth
performance of poultry. The antimicrobial activity of organic acid may decrease the incidence
of disease caused by different microorganisms or mold and yeast in broilers. Use of organic
acid may not only alleviate the fear of antibiotic residues but also the effect of antibiotic
resistance. Moreover, their capacity to increase nutrient digestibility by improving utilization
of different mineral particles may lead to livestock production in a positive way. For these
reasons, the present study was designed to find out the effects of organic acids on growth
performance parameters of broiler chickens.

2. MATERIAL AND METHODS

According to the Bangladesh veterinary council act 2019, Birds care and use regulations
established by institutions and countries have been fulfilled. All precautions were taken to
reduce pain and discomfort to animals during the experimental period. No animals were
killed for the scientific purpose of this study.

2.1 Area and Duration of the Study
The experiment was carried out at the poultry research shed of the Department of Animal
Science and Nutrition, Faculty of Veterinary Medicine, Chattogram Veterinary and Animal



Sciences University (CVASU), Khulshi-4225, Chattogram, Bangladesh from July 2022 to
December 2022.

2.2 Study Population and Design

In the present study, a total of 150 unsexed day old chicks (DOC) of broiler (Cobb-500) with
an average weight of 38.75 g were used in a 4 week watery treatment. A completely
randomized design (CRD) was used to randomly assign the birds into five watery treatments
of 30 birds per group. Each treatment was divided into three replicates of 10 birds each.
Birds had ad libitum access to water and feeds. The drinking water pH of group To (control)
was 7 while the pH of others was kept at 4.5 by administering specified doses of citric acid
(T1 =1.25 ml/L), formic acid (T2= 0.5 ml/L) and acetic acid (Ts= 2 ml/L) in drinking water.
Group T4 received antibiotics at the appropriate dosage (oxytetracycline hydrochloride at 1
gm/L drinking water). The design of the experiment is displayed in Figure 1. All of the groups
consumed typical diets.
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Fig. 1. The design of the experiment

2.3 Chicks Management

The chicks were housed in a room and reared under cage system housing. Each pen was
furnished with a feeder and drinker. Feeders were cleaned before supplying diets, and
drinkers were washed regularly to maintain hygienic conditions. For the first two days, the
birds were provided with an initial temperature of 33°C. The temperature was then gradually
reduced by 1 or 2°C every 1 or 2 days until the chicks were 19 days old and then maintained
at 24°C for the remainder of the experiment. A lightening period of 23 h. per day was
provided for the birds throughout the experiment.

2.4 Feeding and Watering of Chicks

The experimental period included 2 feeding phases, i.e. starting phase and growing phase.
Corn-soybean meal based basal diet was supplied to the birds in two different growth
stages. The starter ration was offered from 0 to 2 weeks and the grower ration from 3 to 4
weeks. Rations for all treatment groups were iso-energetic and iso-nitrogenous. Nutrient
compositions of basal diets are presented in Table 1. Chicks were allowed to have free



access to both feed and water in pellet form and by drinkers, respectively throughout the
experimental period.

Table 1. Nutrient compositions of basal diets

Ingredients, % Starter Grower
(day 0-14) (day 15-28)

Calculated composition, %

CP 22.00 21.00
CF 4.50 4.50
EE 4.50 5.00
Ash 6.00 6.00
Lysine 1.32 1.18
Methionine 0.55 0.52
Calcium 1.05 1.00
Available phosphorus 0.50 0.50
ME (kcal/kg) 3000 3100

*CP=Crude protein; CF= Crude fiber; EE= Ether extract; ME= Metabolizable energy

2.5 Growth Performance of Chicks

Performance data were recorded weekly in the periods from 1 to 28 days of age. Feed
intake (FI) was determined for each replicate as the difference between the amount of feed
supplied and the remaining feed at the end of each experimental period. Body weight (BW)
and body weight gain (BWG) were calculated as the difference between the final and initial
bird weights. Feed conversion ratio (FCR) was calculated as the ratio between feed intake
and body weight gain during each phase of the experimental period.

2.6 Statistical Analysis

All the data of performance were entered into a spreadsheet program of Microsoft Office
Excel 2010. Data management and analysis were done in one way ANOVA (Analysis of
Variance), using Statistical Package for the Social Sciences (SPSS) version 16.0. Means
showing significant differences were compared with the Duncan's Multiple Range Test
(DMRT). The P value of <0.05, <0.01 or <0.001 was considered statistically significant.

3. RESULTS AND DISCUSSION

The effect of organic acids on the growth performance parameters of broiler chickens which
were recorded weekly throughout the experimental period are presented in Table 1. Results
indicated that weekly average BW differed highly significant (P<0.001) and significant
(P<0.01) at 3 and 4" weeks respectively but insignificant at 1st and the 2" week of age.
The highest weekly average live weight was recorded in the group Ti than other treatment
and control groups at 4t week of age. However, our results are similar to the findings
of Pesti et al. [18] indicated that acidified drinking water increased live body weight in
comparison to normal drinking water. The findings in the current research trial regarding
BWG and FCR agreed with Kamal and Ragaa [19] who reported that organic acids (butyric,
formic, and lactic acid) supplementation showed a significantly higher weight gain in contrast
to control. Besides, BW in the antibiotic-treated group (T4) increased significantly at 4t



weeks of age as compared to the control group but decreased as compared to the citric
acid-treated group (T1). Previous studies indicated that the addition of OA as substitutes for
AGP to the broilers’ diet obviously improved the growth performance [20, 21, 22].
Furthermore, the results of our investigation complement the findings of Hassan et al. [3],
which showed that gallic acid was better to biacid or enramycin. Gallic acid and biacid were
commercial organic acids, while enramycin was a commercial antibiotic used as a growth
stimulant. Similarly, Fathi et al. [23] also observed that broilers treated with formic and
propionic acid presented better BWG and FCR. Various researchers also reported that the
supplementation of organic acids to the diet of broilers chickens had beneficial effects on
BWG [24] and FCR [25].

Table 2. Effect of organic acids on the growth performance of broiler chickens

Performance Experimental treatments Level of

SEM

parameters To T, T, T T, Significance

Body weight (g)

Istweek
2nd week
3rd week

4th week

197.70 201.00 202.00 200.75 201.25 0.89 NS
522.00 542.15 511.05 541.90 515.50 6.56 NS
982.50°¢  978.90*¢  810.702 950.00° 1024.35¢ 36.62 ok
1581.50> 1666.50° 1497.002  1619.00b¢ 1632.00°c  28.94 *x

Body weight gain (g)

Istweek
2nd week
3 week

4th week

149.552 153.90°  154.75P 153.90b¢ 153.45b¢ 0.91 *
324.50 341.15 309.05 341.80 314.25 6.70 NS
459.95b¢  437.10° 299.152 409.85° 508.85¢ 34.96 *x
604.252 687.60° 686.30° 669.00° 587.552 21.25 *x

Feed intake (g)

1st week
2nd week
3rd week

4th week

175.70 175.10 175.20 174.60 178.50 0.89 NS
448.70 430.45 418.60 426.30 439.00 6.33 NS
809.00%¢  687.05*¢  549.952 650.052° 839.45¢ 52.88 *x
1071.05> 1075.70> 1086.95° 1077.30° 1013.052 14.55 *

Feed conversion ratio (g/g)

1stweek
2 week
3 week
4thweek

0-4th week

1.174p 1.1372 1.1322 1.134a 1.163° 0.01 *x
1.2902 1.3002 1.350° 1.3112 1.390° 0.01 *
1.750° 1.5902 1.830P 1.5802 1.6402 0.04 *x
1.770° 1.5902 1.5802 1.6102 1.720° 0.04 *
1.500° 1.4002 1.470b 1.4002 1.470° 0.02 *x

*SEM = Standard Error of Mean; NS = Not Significant; * = Significant (p<0.05); ** =
Significant (p<0.01); *** = Significant (p<0.001). a, b and ¢ = Means having different
superscript in the same row differ significantly.



In this investigation, the BWG of the experimental birds revealed that a significant (P<0.05)
level of variations was found during the 1st, 319, and 4" weeks. Considering the data on 2
week, weight gains differed insignificantly (P>0.05) among the treatment groups. In terms of
body weight gain, the group T1 performed better than other groups, and finally, the highest
BWG was observed in the treatments supplemented with citric acid (T1 group). It was found
that the body weight gain of the group T2was lowest at 3" week of age. Regarding the effect
of organic acid supplementation on productive traits during the experimental period, it was
evident that BW and BWG were significantly increased (P<0.05) by citric and acetic acid
supplementation as compared with the control group (Table 2). At the present study, there
was no significant variation in BW and BWG during the first two weeks but a statistically
significant (P<0.05) result was found during 3™ and 4% week of age. At a later stage, the
significant positive effect on growth performance was reported in the acidifier group due to
the stimulating role on enzymatic secretion, specifically on the synthesis of gastric and
pancreatic lipase [26], and because of the reduction of the growth depressing metabolites
produced by microorganism in the gut [27]. Better BWG was observed because feed
utilization by dietary acidification becomes more efficient [28].

There was no significant difference in feed consumption across treatments over the periods
01 to 07 and 08 to 14 days of age. However, Fl of birds also showed significant differences
at 3¢ (P<0.01) and 4" (P<0.05) week of age within all the water treatment groups. The
highest feed intake was recorded in group T2 (formic acid) while the lowest was reported in
T4 (antibiotic treatment) group at 4" week of age. From our findings, it is evident that
average Fl was higher in the organic acid-treated group as compared to the control and
antibiotic supplemented group and differed statistically (P<0.05) only at 3 and 4" week of
age (Table 2). During the entire experimental period, FCR of the birds varied in irregular
fashion. It was revealed that FCR differed significantly (P<0.05) at 2" week of age within the
treatment group. The results of the experiment showed that FCR increased gradually and
varied significantly (P<0.01) and (P<0.05) at 39 and 4" week of age respectively.
Considering the whole experimental period, highest FCR was recorded 1.50 in To group
(control) while the lowest 1.40 and 1.40 observed in T1 (citric acid) and Tz (acetic acid)
treatment group, respectively. Similarly, feed conversion ratio of the antibiotic-treated group
(T4) showed significantly (P<0.01) better FCR as compared to the control group (Table 2).
The FCR was improved in broilers by supplementing their water with organic acids. The
better FCR in organic acid-treated groups could be attributed to lowering the pH of the
digestive organ, resulting in improved digestion, absorption, and nutrient utilization [29]. This
could account for the higher FCR in these groups. In a recent study conducted by Brzoska et
al. [30] found that broiler feed efficiency was enhanced by adding 0.1% acidifier to water.
According to Adil et al. [16], supplementing 0.3% acidifier increased BWG and FCR in
chickens. This finding is in similar to our study.

4. CONCLUSION

The results of the study revealed that organic acid supplementation responded positively as
a result of increased feed intake, body weight and better FCR. Therefore this study suggests
organic acid as a potential growth promoter to substitute antibiotic growth promoter for
commercial broiler farming.

REFERENCES

1. Islam MK, Uddin MF, Alam MM. Challenges and prospects of poultry industry in
Bangladesh. Eur J Bus Manage Res. 2014; 6: 116-127. doi:
http://dx.doi.org/10.18801/ijbmsr.020115.08



http://dx.doi.org/10.18801/ijbmsr.020115.08

10.

11.

12.

13.

Begum IA, Alam MJ, Buysse J, Frija A, Huylenbroeck GV. A comparative efficiency
analysis of poultry farming systems in Bangladesh: A data envelopment analysis
approach. Appl Econ. 2011; 44; 3737-3747. doi:
http://dx.doi.org/10.1080/00036846.2011.581216

Hassan HMA, Mohamed MA, Youssef AW, Hassan ER. Effect of using organic acids to
substitute antibiotic growth promoters on performance and intestinal microflora of
broilers.  Asian-australasian J Anim  Sci. 2010; 23: 1348-1353. doi:
http://dx.doi.org/10.5713/ajas.2010.10085

Ragaa NM, Korany RM, Mohamed FF. Effect of Thyme and/or Formic acid dietary
supplementation on broiler performance and immunity. Agri Agric Sci Procedia. 2016;
10: 270-279. doi: http://dx.doi.org/10.1016/j.aaspro.2016.09.064

Yadav S, Jha R. Strategies to modulate the intestinal microbiota and their effects on
nutrient utilization, performance, and health of poultry. J Anim Sci Biotechnol.
2019; 10: 2. doi: http://dx.doi.org/10.1186/s40104-018-0310-9

Dizaji BR, Hejazi S, Zakeri A. Effects of dietary supplementations of prebiotics,
probiatics, synbiotics and acidifiers on growth performance and organs weights of broiler
chicken. Eur J Exp Biol. 2012; 2: 2125-2129. doi:
https://doi.org/10.14202/vetworld.2016.313-319

Haque MH, Sarker S, Islam MS, Islam MA, Karim MR, Kayesh MEH et al. Sustainable
antibiotic-free broiler meat production: current trends, challenges, and possibilities in a
developing country perspective. Biology, 2020; 9: 1-24. doi:
https://doi.org/10.3390/biology9110411

Castanon Jl. History of the use of antibiotic growth promoters in European poultry feeds.
Poult Sci. 2007; 86: 2466-2471. doi: https://doi.org/10.3382/ps.2007-00249

Diarra MS, Malouin F. Antibiotics in canadian poultry productions and anticipated
alternatives. Front Microbiol. 2014; 5: 282. doi: https://doi.org/10.3389/fmicb.2014.00282

Sethiya NK. Review on natural growth promoters available for improving gut health of
poultry: an alternative to antibiotic growth promoters. Asian J Poult Sci. 2016; 10: 1-29.
doi: https://doi.org/10.3923/ajpsaj.2016.1.29

Salaheen S, Kim SW, Haley BJ, Van Kessel JAS, Biswas D. Alternative growth
promoters modulate broiler gut microbiome and enhance body weight gain. Front
Microbiol. 2017; 8: 2088. doi: https://doi.org/10.3389/fmicb.2017.02088

Zhai H, Liu H, Wang S, Wu, J, Kluenter A. Potential of essential oils for poultry and pigs.
Anim Nutri. 2018; 4: 179-86. doi: https://doi.org/10.1016/j.aninu.2018.01.005

Nguyen DH, Lee KY, Mohammadigheisar M, Kim IH. Evaluation of the blend of organic
acids and mediumchain fatty acids in matrix coating as antibiotic growth promoter
alternative on growth performance, nutrient digestibility, blood profiles, excreta


http://dx.doi.org/10.1080/00036846.2011.581216
http://dx.doi.org/10.5713/ajas.2010.10085
http://dx.doi.org/10.1016/j.aaspro.2016.09.064
http://dx.doi.org/10.1186/s40104-018-0310-9
https://doi.org/10.14202/vetworld.2016.313-319
https://doi.org/10.3390/biology9110411
https://doi.org/10.3382/ps.2007-00249
https://doi.org/10.3389/fmicb.2014.00282
https://doi.org/10.3923/ajpsaj.2016.1.29
https://doi.org/10.3389/fmicb.2017.02088
https://doi.org/10.1016/j.aninu.2018.01.005

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

microflora, and carcass quality in broilers. Poult Sci. 2018; 97: 4351-4358. doi:
http://dx.doi.org/10.3382/ps/pey339

Yang X, Xin H, Yang C, Yang X. Impact of essential oils and organic acids on the growth
performance, digestive functions and immunity of broiler chickens. Anim Nutri. 2018; 4:
388-393. doi: http://dx.doi.org/10.1016/j.aninu.2018.04.005

Wang JP, Yoo JS, Lee JH, Zhou TX, Jang HD. Effects of phenyl lactic acid on
production performance, egg quality parameters, and blood characteristics in laying
hens. J Appl Poult Res. 2009; 18: 203-209. doi: https://doi.org/10.3382/japr.2008-00071

Adil S, Banday T, Bhat GA, Mir MS, Rehman M. Effect of dietary supplementation of
organic acids on performance, intestinal histomorphology, and serum biochemistry of
broiler chicken. Vet Med Int. 2010; 2010: 1-7. doi:
https://dx.doi.org/10.4061/2010/479485

Lakshmi KV, Sunder GS. Supplementation of propionic acid, butyric acid or antibiotic in
diets and their influence on broiler performance, carcass parameter and immune
response. Int J Sci Res. 2015; 4: 1002-1006.

Pesti GM, Bakalli RI, Vendrell PF, Chen HY. Effects of organic acid on control of
bacteria growth in drinking water for broilers. Poult Sci. 2004; 83: M303. doi:
https://doi.org/10.1093/ps/83.3.330

Kamal AM, Ragaa NM. Effect of dietary supplementation of organic acids on
performance and serum biochemistry of broiler chicken. Nat Sci. 2014; 12, 38-45.
Retrieved from: https://www.researchgate.net/publication/319037806

Hu Y, Wang L, Shao D, Wang Q, Wu Y, Han Y et al. Selective and reshaped early
dominant microbial community in the cecum with similar proportions and better
homogenization and species diversity due to organic acids as AGP alternatives mediate
their effects on broilers growth. Front Microbiol. 2019; 10: 2948. doi:
http://dx.doi.org/10.3389/fmicbh.2019.02948

Wang J, Dai D, Zhang H., Wu SG, Han YM, Wu YY et al. Organic acids modulate
systemic metabolic perturbation caused by salmonella pullorum challenge in early-stage
broilers. Front Physiol. 2019; 10: 1418. doi: http://dx.doi.org/10.3389/fphys.2019.01418

Pham VH, Kan L, Huang J, Geng Y, Zhen W, Guo Y et al. Dietary encapsulated
essential oils and organic acids mixture improves gut health in broiler chickens
challenged with necrotic enteritis. J Anim Sci Biotechnol. 2020; 11: 18. doi:
http://dx.doi.org/10.1186/s40104-019-0421-y

Fathi R, Samadi MS, Qotbi AA, Seidavi A, Marin ALM. Effects of feed supplementation
with increasing levels of organic acids on growth performance, carcass traits, gut
microbiota and pH, plasma metabolites, and immune response of broilers. Anim Sci Pap
Rep. 2016; 34 (2): 195-206. Retrieved from:
https://www.researchgate.net/publication/301655121



http://dx.doi.org/10.3382/ps/pey339
http://dx.doi.org/10.1016/j.aninu.2018.04.005
https://doi.org/10.3382/japr.2008-00071
https://dx.doi.org/10.4061/2010/479485
https://doi.org/10.1093/ps/83.3.330
https://www.researchgate.net/publication/319037806
http://dx.doi.org/10.3389/fmicb.2019.02948
http://dx.doi.org/10.3389/fphys.2019.01418
http://dx.doi.org/10.1186/s40104-019-0421-y
https://www.researchgate.net/publication/301655121

24,

25.

26.

27.

28.

29.

30.

Kaczmarek SA, Barri A, Hejdysz M, Rutkowski A. Effect of different doses of coated
butyric acid on growth performance and energy utilization in broilers. Poult Sci. 2016; 95:
851-859. doi: http://dx.doi.org/10.3382/ps/pev382

Sultan A, Ullah I, Khan S, Khan RU. Impact of chlorine dioxide as water acidifying agent
on the performance, ileal microflora and intestinal histology in quails. Arch Anim Breed.
2014; 31: 1-9. doi: http://dx.doi.org/10.7482/0003-9438-57-031

Tellez G, Pixley C, Wolfenden R, Layton S, Hargis B. Probiotics/direct fed microbials for
Salmonella control in  poultry. Food Res Int. 2012; 45: 628-633. doi:
https://dx.doi.org/10.1016/j.foodres.2011.03.047

Knarreborg A, Lauridsen C, Engberg RM, Jensen SK. Dietary antibiotic growth
promoters enhance the bioavailability of a-tocopheryl acetate in broilers by altering lipid
absorption. J Nutr. 2004; 134: 1487-1492. doi: https://doi.org/10.1093/jn/134.6.1487

Mohamed M, El-Daly EF, EI-Azeem NAA, Youssef AW, Hassan H. Growth performance
and histological changes in ileum and immune related organs of broilers fed organic
acids or antibiotic growth promoter. Int J Poult Sci. 2014; 13: 602-610. doi:
http://dx.doi.org/10.3923/ijps.2014.602.610

Dhama K, Verma V, Sawant PM, Tiwari R, Vaid RK, Chauhan RS. Applications of
probiotics in poultry: Enhancing immunity and beneficial effects on production
performances and health: A review. Vet Immunol Immunopathol. 2011; 13: 1-19.
Retrieved from: https://www.researchgate.net/publication/229596530

Brzoska F, Sliwinski B, Michalik-Rutkowska O. Effect of dietary acidifier on growth,
mortality, post-slaughter parameters and meat composition of broiler chickens. Ann
Anim Sci. 2013; 1: 85-96. doi: http://dx.doi.org/10.2478/v10220-012-0061-z



http://dx.doi.org/10.3382/ps/pev382
http://dx.doi.org/10.7482/0003-9438-57-031
https://dx.doi.org/10.1016/j.foodres.2011.03.047
https://doi.org/10.1093/jn/134.6.1487
http://dx.doi.org/10.3923/ijps.2014.602.610
https://www.researchgate.net/publication/229596530
http://dx.doi.org/10.2478/v10220-012-0061-z

