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The present article stresses on the effect of natural growth promoters dietary organic acid (OA) supplements and 
mannan oligosaccharide (MOS) and xylanase as animal feed supplement on live body weight gain, dressing 
percentage, weight of vital organs and muscles and mean villus lengths in digestive tract of livestock along with 
their application as growth promoters in commercial animal feed. 
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INTRODUCTION 
 

The present article envisage on the use of organic acid 
(OA) salts, mannan oligosaccharide (MOS) and xylanase which 
can be used as potent natural growth promoters in livestock feed. 
Many research works are being carried out in this aspect to 
standardize non-traditional growth promoters (viz., OA salts, MOS 
and xylanase) which can effectively replace commercially 
available costly antibiotic growth promoters and can also be put to 
use as prebiotic (Ganguly and Mukhopadhayay, 2012).                      
Even the dietary prebiotics in commercial fish feed have proved 
useful for commercial aquaculture practices though out the globe 
(Ganguly et al., 2013a,b,c). It is a potential area of research and 
further work is in demand. In livestock production organic acids 
are mainly used in order to sanitize the feed having                   
salmonella infection (Hinton et al., 1985; Barchieri and Barrow, 
1996; Thompson and Hilton, 1997). Organic acids (OA)                        
in their undissociated forms are able to pass through the cell 
membrane of the bacteria, where they dissociate to produce H+ 
ions which lower the pH of bacterial cell causing the organism to 
use its energy to restore the normal balance. Whereas the                   
RCOO- ions, produced from the acid can disrupt DNA,              
hampering   protein   synthesis  and putting  the organism in stress.        . 
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As a result the organism cannot multiply rapidly (Nursey, 1997). 
Prebiotics are non-digestible feed ingredients that beneficially 
affect the host by selectively stimulating the growth or activity of 
one or a limited number of bacterial species, already resident in 
colon and thus attempt to improve host health (Gibson and 
Roberfroid, 1995).  

Mainly prebiotics are small fragments of carbohydrates 
and commercially available as oligosaccharides of galactose, 
fructose or mannose (Ganguly et al., 2010; 2013b,c). Among these, 
mannan oligosaccharide obtained from saccharomyces spp. of yeast 
outer cell wall maintain gut health by immunomodulation (Paul et 
al., 2013) and by adsorption of pathogenic bacteria containing type-
I fimbriae or by agglutinating different bacterial strains (Spring et 
al., 2000) and increase villi length uniformity & integrity (Loddi et 
al., 2004).   

Effects of buffered propionic acid in presence and     
absence of bacitracin or roxarsone were reported earlier                  
(Izat et al., 1990) in which significant increase in dressing 
percentage for female broilers and a significant reduction                      
in abdominal fat of males at 49 days (Versteegh and                
Jongbloed, 1999) tested the effect of dietary lactic acid on 
performance of broilers from 0 to 6 weeks age. Body weight gain 
tended to be greater, whereas feed to gain rations were significantly 
improved      where    birds   were    fed 2% lactic   acid as prebiotic.  
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Beneficial effects of different organic acids like formic 
acid, propionic acid, lactic acid ammonium formate and calcium 
propionate etc. as growth promoter and prebiotic have been 
studied earlier for having substitute to antibiotic (Ganguly et al., 
2010; Ganguly and Mukhopadhayay, 2012). 

Xylanase is the name given to a class of enzymes which 
degrades the linear polysaccharide beta-1, 4 xylan to xylose, thus 
breaking down hemicelluloses which are a major component of the 
cell wall of the plants. Xylanases are known to increase protein 
digestibility of wheat and this is attributed particularly to release of 
protein from the xylan enriched aleurone layer. Xylanase 
supplementation improves conjugated bile acid function in 
intestinal contents and increase villus size of small intestine wall in 
broiler (Bar et al., 2012; Ganguly, 2013b,c). Supplementing 
broiler diets with combination of xylanase and β-glucanase 
improves the nutritive value of the diet (Veldman and Vahl, 1994). 
The addition of Xylanase improves weight gain, feed intake, feed 
efficiency, AME and decreased water intake (Wu et al., 2004) and 
Vitamin E content of liver in broiler was significantly improved by 
addition of xylanase (Danicke et al., 1999; 2001). Nutri-xylanase 
is a bacterial xylanase processed from Bacillus subtilis and 
produced by a micro-filtration advanced fermentation technique.  

The plant derived and herbal growth promoters 
supplemented in the diet or added in the drinking water in the 
broiler and poultry birds have a promising biological effect on 
their growth performance, to reduce the pathogenic bacteriological 
load in different parts of digestive tract and to increase villus 
height in different segments of small intestine mainly in 
duodenum. The plant derived growth promoter enhance productive 
performance of the broiler in terms of body weight gain with 
minimum alteration of gut morphology and the possibility of 
bacterial invasion can be regulated (Ganguly, 2013b;c). 

 
Effect on live body weight gain 

Mairoka et al (2004) reported that mixture of organic 
acids, as a substituted of AGPs improved the performance of birds 
even in absence of antibiotic. Savage et al (1997) concluded from 
a dose responsive study (0-0.33%) that MOS @ 0.11%, 
maximized weight gain in animals up to 0-8 weeks of age. Stanley 
et al (2000) found same type of effect with supplementation of 
0.1% MOS on hybrid Tom’s body weight gain. Eidelsburger and 
Kirchgessner (1994) reported that calcium formate alone or in 
combination with other acids when given at the rate of 0.5% and 
1.5%, increased FCR and growth performance in broiler chickens 
up to 35 days of age. Benedetto (2003) also observed mix of 
organic acids (ACIDLAC) used as a replacer of AGPs and 
improved production performance in breeding hens along with 
other beneficial effects. Parks et al (2001) reported from a study 
from turkeys supplemented with MOS that MOS may be utilized 
as a alternative to AGPs to improve turkey performance. 

It has also been reported that formic acid and propionic 
acid mixture (85% and 15%) added at 1% level to the broiler 
chicken ration in the initial period did not affect weight gain 
(Visek, 1978). Reports have also been made about significant 

increased in body weight gain with the supplementation of 0.5% 
lactic acid in drinking water (Veeramani et al., 2003). The mix of 
organic acids improves performance of birds (Maiorka et al., 
2004). From a dose responsive study, it was concluded (0-0.33%) 
that MOS @ 0.11%, maximized weight gain in animals up to 0-8 
weeks of age. The same type of effect was found with 
supplementation of 0.1% MOS on hybrid Tom’s body weight gain 
(Parks et al., 2001) conducted in turkeys supplemented with MOS 
that MOS may be utilized as a alternative to AGPs to improve 
turkey performance (Podolsky, 1995; Pelicano, 2003). It has 
already been reported that 1% formic acid or 1.45% calcium 
formate did not affect live weight of broiler chicken (Izat et al., 
1990). It was found out that 80% formic acid and 20% propionic 
acid mixture added at 1% level to broiler chicken ration did not 
affect live weight (Kaniawati et al., 1992). It was also revealed 
that increased in body weight with supplementation of lactic acid.  

A series of experiments was conducted by Paul et al. 
(2013b) to evaluate the various aspects and effects of different 
combination of organic acids viz., formic acid and propionic acid 
as a replacer of growth promoter antibiotic(s) in ducks. The ducks 
were divided into five equal groups with one as Control. Studies 
on body weight gain revealed that after 48 weeks body weight gain 
was higher in treated groups as compared to the control Group C 
(control).  
 
Effect on dressing percentage and weight of vital organs and 
muscles 

It has been reported that higher villus height in the ileum 
with the diet based on organic acidifier compared with diet fed 
without MOS + organic acidifier (Savage et al., 1997). Dressing 
percentage and weight of different organs and muscles at 21 and 
42 days there was no major influence on the dressing percentage, 
organ and muscle weight under different treatment groups with 
organic acid salts individually and its combination in broiler birds. 
These findings in line of earlier report (Pelicano, 2005). Higher 
villus height in duodenum, jejunum in small intestine was reported 
with most organic acidifier in diet of broiler (Loddi et al., 2004). 
The supplementation of organic acidifier may increase villus 
height of different parts of small intestine. So, organic acidifier 
reduces the growth of many pathogenic and non-pathogenic 
intestinal bacteria, decreases intestinal colonization and reduces 
infections process, ultimately decreasing inflammatory process at 
the intestinal mucosa. It increases villus height and function of 
secretion, digestion and absorption of nutrients can be 
appropriately performed by the mucosa (Iji and Tivey 1998). The 
positive effects of the use of prebiotics on the intestinal mucosa 
with significant increase in villus height of three segments of small 
intestine of birds supplemented with MOS is also reported 
(Maiorka et al., 2004).  

Silverslides and Bedford (1999) and Bar et al (2012) 
showed xylanase supplementation had a positive body weight gain 
and the feed to gain ration. Danicke et al (2001) found addition of 
xylanase significantly increased the weight gain up to 21 days of 
age and decreased the feed to gain ratio slightly. Mathlouthi et al 
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(2003) showed feed efficacy and body weight gain was improved 
with the supplementation of xylanase. Wu et al (2004) observed 
that the xylanase supplementation significantly improved weight 
gain, feed efficiency and AME. Wu et al (2004) observed that 
addition of xylanase and phytase reduced the relative weight gain 
of the small intestine by 15.5% and 11.4% respectively. Yubo et al 
(2005) reported body weight and feed per gain ratio was improved 
(P<0.05) by xylanase supplementation in the first 2-3 weeks in 
broilers.  

Ahmad et al (2007) noticed xylanase supplementation 
increased body weight, feed intake and feed gain ratio. Liu et al 
(2007) observed xylanase supplementation increased body weight 
gain from 0-21days of age of broilers. Gao et al (2008) found that 
the supplementation of xylanase enzyme improved (P<0.05) 
growth performance and feed conversion efficiency (FCE). 
Mannio (1981) reported that the body weight gain was improved 
by 12 to 25% and feed consumption was increased by 3 to 21% 
when chicks at 4 weeks of age fed diets supplemented with 
enzyme like xylanase. Veldman and Vahl (1994) noticed xylanase 
supplementation improved food conversion ratio by 2.2-2.9% and 
body weight gain by 0.2-2.5%.  

 
Effect on increase in villi length 

Das et al (2012) reported that MOS (mannan 
oligosaccharide) and organic acid treated groups of Japanese quails 
(Coturnix Coturnix Japonica) produced consistently higher villi 
length in treated birds and MOS in poultry feed can be used as 
alternatives to the antimicrobial and antibiotic growth promoters 
and can be used to achieve good health for sustainable and 
economic poultry production. On the other hand, experimental 
studies were conducted by Roy et al (2012) to evaluate the 
pathomorphological effect of different combination of organic 
acids viz., formic acid, propionic acid and lactic acid as a replacer 
of growth promoter antibiotics in poultry birds. The birds were 
divided into six equal groups of negative control (C1), positive 
control (C2) and four treatment groups. Birds of group C1 were 
supplied with diet without any antibiotics or acid, group C2 with 
Virginiamycin @ 500 gm/100kg feed, group T1 with 0.3% 
ammonium formate group T2 with 0.3% calcium propionate, 
group T3 with 0.15% ammonium formate and 0.15% calcium 
propionate and group T4 with 0.1% ammonium formate, 0.1% 
calcium propionate and 0.1% calcium lactate. Body weight gain 
was higher in C1 and C2 compared with treatment groups in first 
two weeks, but pathological changes were maximum in negative 
control, i.e. after 6 weeks, weight gain was significantly better in 
T3 and T4 than in groups C1, T1 and T2 groups. Bacteriologically, 
significant (P<0.01) reduction of E. coli in T1 and T4 was evident. 
Pathomorphological changes in group C1 and T2 were maximum. 
Group C2 and T1 showed same types of changes but the changes 
were less severe in group T3 and T4. The most common changes 
among the groups were thickening of muscular layer, 
accumulation of inflammatory cells and congested blood vessels. 
Based on present investigation, it is suggested that combination of 
organic acid may be used in broiler feed as a replacer of growth 

promoter antibiotic instead of using only one acid. Pelicano et al 
(2005) observed higher villi length in ileal region when birds were 
fed with prebiotic based on MOS, compared to the control group. 
Loddi (2003) described higher villi in the intestinal mucosa 
(duodenum) of birds fed with MOS at 7 and 21 days of age 
respectively.  

Pelicano et al (2005) reported that in jejunum MOS + OA 
resulted in significantly higher villi in the jejunum (p<0.01) 
followed by the diets containing MOS based prebiotics. 
Microorganisms that is sensitive to acid pH and results in higher 
villi length (Radecki and Yokoyama, 1991). Some bacteria may 
recognize binding sites on the prebiotics instead of intestinal 
mucosa and the colonization by pathogenic bacteria in intestine is 
thus reduced. Therefore, besides a lower infection incidence, there 
is an increase in the absorption of available nutrients, a mechanism 
that directly affects the recovery of the intestinal mucosa, 
increasing villi length. These results disagree to those obtained by 
Pelicano et al (2003) and Santin et al (2001) respectively, who 
found no difference in ileal villi length with the use of probiotics 
and prebiotics. 

 
Effect on gut microbial load 

The findings of Newman (1994), Lon (1995),  Spring et 
al (2000) and Fairchild et al (2001) proved that MOS and OA 
successfully reduces bacterial load in the intestine of broiler birds. 
Sims et al (2004) also found that MOS + BMD treated turkeys 
showed significantly lower Clostridium perfringens population in 
the gut than control at 6 weeks of age. MOS is believed to block 
type-I fimbriae and prevents pathogens from attaching to the 
intestinal lining and passes them out of the gut. (Dawson and 
Pirulescu, 1999). Stanley et al (2004) concluded that yeast cell 
culture residue (YCR) treated broiler chicks resulted lower 
intestinal Coliform population in comparison to control and other 
antibiotic treated (lasalocid @ 90.7kg/ton, bacitracin @50gm/ton) 
groups. For this reason MOS treated birds showed lens microbial 
load in the gut. 

Bacteriological studies of different portions of small 
intestine revealed that total coliform count and Clostridium 
perfringens count (log10 CFU/g) was significantly (P<0.05) 
reduced in the small intestine of the birds in treated groups as 
compared to Group C. Salmonella sp. was not found in any group. 
No significant results of Lactobacillus count (log10 CFU/g) were 
noticed in the intestinal digesta of the ducks in treated groups. 
Study on villus height of different potions of small intestine (i.e. 
duodenum, jejunum and ileum) revealed significantly higher villus 
height in treated groups as compared to Group C (control) (Paul et 
al., 2013b). 

Hrangkhawl et al. (2013) conducted series of 
experiments to study the effect of mannan oligosaccharide and 
dietary organic acid supplements on body weight of broiler birds. 
The  present investigation showed better growth performance in 
combination with organic acid salts in terms of body weight. It 
was found that mean villus length increased significantly (P<0.01) 
in the treatment groups rather than the control birds. 
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CONCLUSION 
 

The organic acid salts and MOS can be used as 
alternatives to growth promoters but their combination strategy 
can be used to achieve good health and growth performance. The 
live body weight gain is better in organic acid and MOS 
supplemented animals. MOS and organic acids individually or in 
combination reduce gut microbial load and improve growth 
performance of animals. 
 
REFERENCES 
 

Ahmad K, Michael B, Abdolreza K, Mohamad M. Comparative 
Effects of Xylanase Supplementation on Broiler, Broiler Breeder and 
Layer Chick Performance and Feed Utilization on Wheat Based Diet. 
Japan Poultry Science 2007; 44: 322-29. 

Bar N, Mukhopadhayay SK, Ganguly S, Pradhan S, Patra NC, 
Pal S, Goswami J, Singh YD, Halder S. Study on probiotic effect of 
xylanase supplementation in broiler feed. Indian Journal of Animal 
Nutrition 2012; 29(1): 100-103. 

Benedetto-M-di., 2003. The effect of organic acids (Acid Lac® 
Reg. Micro PELLETS) on breeder and on gut health maintenance. 
Zootecnica – International 2003; 6: 40 –45. 

Berchieri A Jr Barrow PA. Reduction in incidence of 
experimental fowl typhoid by incorporation of a commercial formic acid 
preparation (Bio-AddTM) into poultry feed. Poultry Science 1996; 75: 339-
41. 

Danicke S, Jeroch H, Bottcher W, Bedford MR, Simon O. 1999. 
Effects of dietary fat type, pentosan level and xylanases on digestability of 
fatty acids, liver lipids, and vitamin E in broilers. European Journal of 
Lipid Science and Technology 1999; 101: 90-100. 

Danicke S, Halle I, Franke A, Jeroch H. 2001. Effect of energy 
source and xylanase addition on energy metabolism, performance, 
chemical body composition and total body electrical conductivity 
(TOBECO) of broilers. Animal Physiology & Animal Nutrition 2001; 
85(9-10): 301-13. 

Das D, Mukhopadhyayay SK, Ganguly S, Kar I, Dhanalakshmi 
S, Singh YD, Singh KS, Ramesh S, Pal S. Mannan oligosaccharide and 
organic acid salts as dietary supplements for Japanese quail (Coturnix 
Coturnix Japonica). Int. J Livest Res 2012; 2(3): 211-14. 

Dawson KA, Pirulescu M. Proceedings of the Altech’s Asia 
Pacific Lecture Tour 1999; pp.75-83. 

Eidelsburger U, Kirchgessner M. 1994: Effect of organic acid 
salts in the feed on fattening performance of broilers. Archiv-fur-
Geflugelkundes 1994; 58(6): 268-77. 

Fairchild AS, Grimes JL, Jones FT, Wineland MJ, Edens FW, 
Sefton AE. 2001. Effects of hen age, Bio-MOS® and Flavomycin on Poult 
susceptibility to oral E. coli challenge. Poultry Science 2001; 80: 562 –71. 

Ganguly S. Supplementation of prebiotics in poultry feed: A 
Review. World’s Poultry Science Journal. 2013a; Vol. 69: xx-xx. doi: 
10.1017/1 S0043933913000640. In press. 

Ganguly S. Herbal and plant derived natural products as growth 
promoting nutritional supplements for poultry birds: A Review. J Pharm 
Sci Innov 2013b; 2(3): 12-13. DOI 10.7897/2277-4572.02323. 

Ganguly, S. A Handbook on Experimentally Proven Non-
Antibiotic Growth Promoters as Feed Additives in Animal Nutrition. 1st 
ed. International E-Publication 2013c;ISBN 978-81-927544-3-7. An 
official E-Book (Section: Animal, Veterinary & Fishery Sciences) 
publication of the International Science Congress Association, Indore, UP, 
India. 

Ganguly S. Dora KC, Sarkar S, Chowdhury S. Supplementation 
of prebiotics in fish feed- A Review. Reviews in Fish Biology and 
Fisheries 2013; 23(2): 195-199, DOI: 10.1007/s11160-012-9291-5. 

Ganguly S. Mukhopadhayay SK. Immunostimulants, Probiotics 
and Prebiotics. LAP LAMBERT Academic Publishing GmbH & Co. KG, 
Saarbrücken, Germany, 2011; ISBN 978-3-8454-0271-0. 

Ganguly S, Paul I, Mukhopadhayay SK. Immunostimulant, 
probiotic and prebiotic – their applications and effectiveness in 
aquaculture: A Review. Israeli J. Aquacult. – Bamidgeh 2010; 62(3): 130-
38. 

Gao F, Jiang Y, Zhou GH, Han ZK. 2008. The effect of 
xylanase supplementation on performance characteristics of G.I. tract, 
blood parameters and gut microflora in broiler feed on wheat based diet. 
Animal Feed Science and Technology 2008; 142: 173-84. 

Gibson GR, Roberfroid MB. Dietary modulation of human 
colonic microbiota, introducing the concept of prebiotics. Journal of 
Nutrition 1995; 125: 1401-12. 

Hinton M, Linton AH, Perry FG. 1985. Control of Salmonella 
by acid disinfection of chicks feed. Veterinary Record 1985; 116: 502. 

Hrangkhawl T, Mukhopadhayay SK, Ganguly S, Niyogi D. 
Effect of growth promoters on broiler birds under experimental 
supplementation in feed. J Chem Biol Physical Sci 2013;Section-B 
[Biological Sciences] 3(3): 1875-79. 

Iji PA, Tivey DR. Natural and Synthetic oligosachharides in 
brolier chicken diets, World’s Poultry Science Journal 1998; 54: 129-43. 

Izat AL, Adams MH, Cabel MC, Colberg M, Reiber MA, 
Skinner JT, Waldroup PW. Effects of formic acid or calcium formate in 
feed on performance and microbiological characteristics of broilers. 
Poultry Science 1990; 69: 1876-82. 

Kaniawati S, Skinner JT, Waldroup PW, Izat AL, Colberg M. 
Effects of feeding organic acids to broilers on performance and salmonella 
Colonization of the caeca and or contamination of the carcass. Poultry 
Science 1992; 71 (Suppl.1): 159. 

Liu JR, Lai SF, You B. Evaluation of an Lactobacillus reuteri 
strain expressing rumen fungal xylanase as a probiotic for broiler chickens 
fed on wheat based diet. British Poultry Science 2007; 48(4): 507-14. 

Loddi MM. Probioticos and prebioticos e acidificanate 
organico. em dietas para frangos de corte [tese]. Taboticabal 2003; FCAV, 
UNE SP. 

Loddi MM, Moraes VM, Nakaghi LSO, Tucci FM, Hannas MI, 
Ariki JA. Mannanoligosaccharide and organic acids on performance and 
intestinal morphometric characteristics of broiler chickens. In: Proceeding 
of the 20th Annual Symposium. 2004; Suppl.1, 45. 

Lon R, Dietary MOS as an approach for altering prevalence of 
antibiotic resistance and distribution of tetracycline resistant determinants: 
in fecal bacteria from swine. MS Thesis 1995; University of Kentucky.     

Mairoka A, Santin AME, Borges SA, Opalinski M, Silva AVF. 
Evaluation of a mix of fumaric, lactic, citric and ascorbic acids on starter 
diets of broiler. Archives Veterinary Sciences. 2004; 9(1): 31 – 37. 

Mannio PF. Enzyme supplementation of barley based diets for 
broiler chickens. Aust. J. Agric. Animal Husbandry 1981; 21, 296-302. 

Mathlouthi N, Junin H, Larbier M. Effects of xylanase and beta-
glucanase supplementation of wheat or wheat and barley based                   
diets on the performance of male turkeys. Brit. Poult Sci 2003; 44(2): 291-
98. 

Newman K. Mannan oligosaccharides. Natural Polymers with 
significant impact on the G.I. microflora and the immune system. In: 
Biotechnology in the feed industry proceeding of Alltech’s 10th Annual 
symposium. 1994;  Nottingham University Press, Nottingham, U.K. 
P.167-74. 

Nursey I. Control of Salmonella. Kraftfutter. 1997; 10: 415-22. 
Parks CW, Grimes JL, Ferket PR, Fairchild AS. The effect of 

mannanoligosaccharide, bambermycin and virginiamycin on performance 
of large white male turkey toms. Poultry Science 2001; 80, 718-23. 

Paul I, Isore DP, Joardar SN, Roy B, Aich R, Ganguly S. Effect 
of dietary yeast cell wall preparation on innate immune response in broiler 
chickens. Indian J Anim Sci 2013a; 83(3): 307-09. 

Paul AK, Mukhopadhayay SK, Niyogi D, Ganguly S.                
Effect of supplementation of different combinations of organic acids as 
replacer of growth promoting antibiotic in duck. IIOAB Journal 
2013b;4(2): 40-44. 

Pelicano ERL, Souza PA, Souza HBA, Figueiredo DF, Boiago 
MM, Carvalho SR, Bordon VF. Revista Brasilaria de cieneia Avicola. 
2005; 7(4): campinas Oct/Dec. 



178                                                            Subha Ganguly / Journal of Applied Pharmaceutical Science 3 (07); 2013: 174-178 
 

Podolsky DK. Regulation of intestinal epithelial proliferation: a 
few answers, many questions. American Journal of Physiologic 1993; 264: 
179-86. 

Radecki SY, Yokoyama MT. Intestinal bacteria and their 
influence on swine nutrition. In: Miller, E.R., Duane, E.U.,                         
Lewis, A.J. Swine Nutrition Boston: Butterworth – Heinemann 1991; pp. 
439-47. 

Roy HS, Mukhopadhayay SK, Niyogi D, Choudhary PK, 
Ganguly S. Organic acids as a replacer of growth promoter antibiotics in 
broilers : Pathological and bacteriological studies on intestine. Indian J Vet 
Pathol 2012; 36(1), 114-16. 

Santin E, Mairoka A, Macari M, Grecco M, Sanchez JC, Okada 
TM, Myasaka AM. Performance and intestinal mucosa development of 
broiler chickens fed diets containing Saccharomyces cerevisiae cell wall. 
Journal Applied Poultry Research 2001; 10: 236-44. 

Savage TF, Zakrzewska EI, Andreasen JR. The effects of 
feeding mannanoligosaccharide supplemented diets to Poultry on 
performance and the morphology of small intestine. Poultry Science 1997; 
76(Suppl. 1): 139. 

Silverslides FG, Bedford MR. Effects of pelleting temperature 
on the recovery and efficiency of a xylanase enzyme in wheat based diet. 
Poultry Science 1999; 78: 1184-90. 

Sims MD, Dawson KA, Newman KE, Spring P, Hooge DM. 
Effect of dietary Mannan oligosaccharide, Bacitracin methylene 
disalicylate or both on the liver performance and intestinal microbiology 
of Turkeys. Poultry Science 2004; 83: 1148-54. 

Spring P, Wenk C, Dawson KA, Newman KE. Effect of 
mannan oligosaccharide on different caecal parameters and on caecal 
concentration on enteric bacteria in challenged broiler chick. Poultry 
Science 2000; 79: 205-11. 

Stanley VG, Gray C, Daley M, Kruegar WF, Sefton AE. An 
alternative to antibiotic based drugs in feed for enhancing performance of 
broilers grown on Eimeria sp infected litter. Poultry Science 2004; 83(1): 
39-45. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Thompson JL, Hinton M. Antibacterial activity of formic and 
propionic acids in the diet of hens on Salmonella in the crop. British 
Poultry Science 1997; 38, 59-65. 

Valdman A, Vahl HA. Xylanase in broiler diets with differences 
in characteristics and content of wheat. British Poultry Science 1994; 
35(4), 537-50. 

Veeramani P, Selvan ST, Viswanathan K. Effect of acidic and 
alkaline drinking water on body weight gain and feed efficiency in 
commercial broiler. Indian Journal of Poultry Science 2003; 38: 42-44.  

Versteegh HAJ, Jongbloed AW. The effect of supplementary 
lactic acid in diets on the performance of broilers. Institute for Animal 
Science and Health. Branch Runderweg, Lelystad, The Netherlands.1999; 
ID-DLO Rep.No. 99.006. 

Visek, W.J. The mode of growth promotion by antibiotics. 
Journal of Animal Science 1978; 46, 1447-69. 

Wu YB, Ravindran V, Thomas DG, Birtles MJ, Hendriks WH. 
Influence of Phytase and Xylanase, individually or in combination, on 
performance, apparent metabolisable energy (AME), digestive tract 
measurements and gut morphology in broilers fed wheat based diet 
containing adequate level of phosphorus. British Poultry Science 2004; 45: 
76-84. 

Yubo WB, Changhua L, Shiyan Q, Limin G, Wenqing L, 
Defali, Properties of Aspergillus xylanase and the effects of xylanase 
supplementation in wheat based diets on growth performance and the 
blood biochemical values in broilers. Asia-Australian Journal of Animal 
Science 2005; 18: 66-74. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

How to cite this article:  
 

Subha Ganguly., Potential non-antibiotic growth promoting dietary 
supplements for animal nutrition: A Review. J App Pharm Sci. 
2013; 3 (07): 174-178. 


