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ABSTRACT

The aim of this study was to determine the inflesraf different growth promoters (prebiotic, prdimpsynbiotic
and acidifier) for a period of 42 days on the grbvend intestinal morphology of broiler chickenstotal of one
hundred and sixty 1-d-old Ross 308 broiler chickesese randomly allocated into five dietary groupghwiour
replicates. A corn-soybean-based diet was usedlzssal diet. The dietary groups were 1- Controls@ladiet), 2-
basal diet plus prebiotic (1kg of ActiveMOS/ton)b&sal diet plus probiotic (150,100,50gr of Protgton of the
starter, grower and final diets respectively) 4-shhdiet plus synbiotic (1kg of Amax4x/ton) 5- badiat plus
acidifier (2 liter of Globacid/ton). Performance bfoilers improved in experimental groups companéth control
group at the end of the experiment. So that grasyggplemented with prebiotic, synbiotic and acidifiad a
significant (P<0.05) effect on broiler performanasghereas, probiotic group had not significant (P&B) effect on
broiler performance. There was no difference (P&).th the weight of internal organs between groepsept
spleen that increased significantly (P<0.05) in lpiatic group compared with control group. Also, tdiy groups
influenced the histomorphological measurementgrilisintestine. Villus height, Crypt depth and Mélheight to
Crypt depth ratio were differed significantly (P€8) between experimental groups. So that synbéotet acidifier
groups had more effects on histomorphological patens than other groups.
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INTRODUCTION

Over the last decade, the importance of gastrdintdstract health in broiler chicken has been éasingly
recognized due to its contribution to their ovetadhlth and performance [1, 2]. Antibiotics as glowromoters in
food animal production have been used since 194fugimout the world [3]. They are used in poultrpguction to
improve performance, for therapeutic and prophidaitt stabilize [4], and are thought to stabilibe tintestinal
microbial flora and to prevent some specific intedtpathogens [5]. In recent years, concerns ahotitmicrobial
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resistance have grown, but the main concerns heee focused specifically on resistance within tradfsupply [6,
7]. Based on these statements, using alternatiogithr promoters such as prebiotic, probiotic, sytibi@and
acidifier become important every day.

Probiotics are "live microorganisms which, when &dstered in adequate amount, confer a health temefthe
host" [8]. The use of living microorganisms as potios is recommended as an alternative to antdsoas
prophylactic, therapeutic and growth-promoting agen livestock production [9, 10, 11, 12]. A pretic was
defined as nondigestible food ingredients that beiadly affect the host, selectively stimulatinget growth or
activity, or both, of one or a limited number ofcberia in the colon [13]. Several studies repotteat prebiotics
have beneficial effects on growth performance [18, 16, 17]. Synbiotics are combination of prel®tand
probiotics which may be defined as a mixture ofbjmtics and prebiotics that beneficially affect® thost by
improving the survival and implantation of live mobial dietary supplements in the gastrointestiradt [18]. The
acidifiers can modify the PH of both the feed ahd tinimal's digestive tract and can disrupt themabrcell

function and protein synthesis of various gut micganisms [19]. Reduction in gastric pH that ocdotkowing

organic acid feeding may increase pepsin acti29].[ Moreover, peptides arising from pepsin protsisl and
triggers the release of hormones, including gasinich cholecystokinin that regulate the digestiod alnsorption of
protein [21]. Additionally, it has been suggestkdttiowering the pH by organic acids improves rumfriabsorption
[22]. Some studies demonstrated the beneficiateffef acidifiers on improvement of growth performoa [23, 24,
25, 26, 27]. The objectives of the present studsevie compare the influences of prebiotics, pratsptsynbiotics
and acidifiers as growth promoters on the growth small intestinal morphology in the broiler chinke

MATERIALS AND METHODS

Birds, experimental design and husbandry

We used one hundred and sixty one-day-old brol@rkens (Ross 308) for a period of 42 days. Thekehis were
randomly allocated into one of five groups. Eacbugr consisted of four replicates with 8 chickengath. The
birds were housed in separate floor pens (1.2 xwith a wood shaving floor and had free accedsad and water.
During the 42 days of experimental period, envirental factors such as lightning, temperature, hityid
ventilation and etc maintain on optimal levels m@ooended for Ross 308 broiler chickens. A corn-sagkeased
diet was formulated for chickens. Experimental gowere: 1- Control group: basal diet 2- Prebigticup: basal
diet plus prebiotic (Active MOS, Brazil) 1 kg/ton Brobiotic group: basal diet plus probiotic (Prate England)
150gr/ton of the starter diets, 100gr/ton of thevggr diets and 50gr/ton of the final diets 4- Swiiligroup: basal
diet plus synbiotic (Amax4x, USA) 1 kg/ton 5- Adiér group: basal diet plus acidifier (Globacid DWance) 2
liter/ton.

Histomorphological and Performance measurements

All birds were weighed individually at 1, 14, 28daA2 days of age. The weight of chickens in thst filay (after
arriving to the experimental farm) was known asiahiveight and also the weight of chickens in 43 slof age (the
end of experimental period) was known as final Weigreed intake, feed conservation ratio and daéight gain
was calculated for the starter, grower and finighteise of the experiment. At the end of experim@riirds per
group were randomly selected and euthanized byiaz¢rdislocation. Then, gastrointestinal tract wasioved and
internal organs including proventriculus, gizzdider, spleen and bursa of fabricius were separateti weighed
individually. Also, duodenum part of small intestjrfrom the gizzard outlet to the end of pancrdatp separated.
After that, two centimeter long segments were takem the central part of the duodenum and fixedl@%6
buffered formalin. These samples were sent to "Blafathobiology Center 2" laboratory for prepahigjological
slides and staining by haematoxylin and eosin nektiidien slides were examined under light microsddykon,
Japan) for measuring villus height, crypt depth wifids height to crypt depth ratio.

Statistics

All data were subjected to one-way ANOVA using Biatistical Package for Social Science (SPSS fardéivs
Version 15) to determine if variables differed be&n groups. Mean values of dietary groups were aoeapby
Duncan’s multiple range test. Probability valuesest than 0.05°<0.05) were considered significant.

RESULTS

The influences of dietary inclusion of prebioticppiotic, synbiotic and acidifier on body weighgily weight gain,
feed intake and feed conversion ratio are presentédble 1. There was no significa®>0.05) difference in body
weight of broilers between experimental groups an 4. However, the body weight of broilers supmated with
synbiotic was significantlyR<0.05) higher than broilers in control group on day 28the end of the experiment
(day 42), broilers supplemented with prebiotic,lsgtic and acidifier had higher body weight in camp of control
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group P<0.05. However, the difference in body weight of brosldoetween probiotic and control groups was not
significant £>0.05). Between days 1-14, there was no significd&®#Q.05 difference in daily weight gain of
broilers between experimental groups. But, dailygive gain of broilers on days 15-28, increased ifigantly
(P<0.05 in experimental groups compare to the controugro Also, between days 29-42, daily weight gain of
broilers in experimental groups was significant®<0.05 higher than control group. During the whole pdriaf
experiment (1-42), daily weight gain of broilers pmebiotic, synbiotic and acidifier groups were nifigantly
(P<0.05 higher than control group. However, there wassigmificant difference ¥>0.05 between probiotic and
control groups. Feed intake of broilers did nofatisignificantly P>0.05) between experimental groups on days 1-
14. Whereas, between days 15-28, feed intake olebsoin prebiotic, probiotic and synbiotic groupgas
significantly (°<0.05 higher than control group. Also, on days 29-4&&d intake increased significantl<0.05)

in prebiotic group compare to the probiotic andtsgtic groups. However, at the end of experimeptaiod, there
was not any significantP0.05) difference in feed intake of broilers betweenugp®. Feed conversion ratio (FCR)
did not show any significanP@0.05) difference between groups on days 1-14. Howehatkyeen days 15-28, there
was a significantF<0.05) decrease in feed conversion ratio of broiler lodiss in synbiotic and acidifier groups
compared with the control group. Between days 2% conversion ratio in Synbiotic and Acidifgmoups were
significantly (°<0.05) lower than control group. At the whole experinsngeriod (1-42), feed conversion ratio in
Synbiotic and Acidifier groups were significantli?<0.05 lower than control group However, there was no
significant differences in prebiotic and probiogimups compared with each other, comparing therabgtoup and
also compared to synbiotic and acidifier groups(.05).

Table 1: Influences of different growth promoters m body weight, daily weight gain, feed intake andefed conversion ratio

Experimental groups Statistics

Control Prebiotic  Probiotic  Synbiotic  Acidifier EM P Value
Body weight
d1(g) 42.70 43.10 42.45 41.95 42.90 0.56  0.981
d 14 (g) 324.07 324.56 323.3 328.77 330.51 3.12 949.
d 28 (g) 1004.92 1041.9% 1029.78" 1059.04 1051.3% 750  0.163
d 42 (g) 2011.26 2097.9% 207557 215378 2128.3% 14.25  0.004
Daily Weight Gain
d 1-14 (g) 20.09 20.10 20.06 20.48 20.54 012 ®.66
d 15-28 (g) 48.63 51.02 50.4% 52.16 51.48 0.35  0.007
d 29-42 (g) 7188  75.42 74.70 78.19 76.92 0.61  0.002
d 1-42 (g) 46.87 48.92 48.40" 50.28 49.6% 0.36  0.016
Feed Intake
d 1-14 (g/bird) 410.02 409.22 408.80 413.01 41253 141  0.862
d 15-28 (g/bird) 1182.29 1224.5%f 1206.78 1210.7%° 1194.9% 420  0.005
d 29-42 (g/bird) 2406.f5 2441.28 2381.4% 2369.03 2401.44 8.16  0.034
d 1-42 (g/bird) 3998.46  4074.98  3997.08  3992.30 8410 14.28  0.349
Feed Conversion Ratio
d1-14 1.265 1.261 1.264 1.256 1.248 0.01  0.988
d 15-28 1.736 1.707* 1.708" 1.658 1.657 0.01  0.025
d 29-42 2.391 2.31F 2.289" 2.164 2.22¢" 0.02 0.014
d1-42 1.988 1.942" 1.928" 1.853 1.883 0.01  0.041

#Means in the same row with different superscrifffgidsignificantly (P < 0.05)

The influences of dietary inclusion of prebiotiecppiotic, synbiotic and acidifier on weight of intal organs are
presented in Table 2. At the end of experiments,wiight of Proventriculus, Gizzard, Liver and Budid not
show any significantR>0.05) difference between experimental groups. Howetres,weight of Spleen increased
significantly (P<0.05) in probiotic group compared with control grougihaugh there was no significarf?$0.05
difference in weight of spleen in other groups.

Table 2: Influences of different growth promoters m weight of internal organs at the end of experimetal period

Experimental groups Statistics
Organ Control  Prebiotic  Probiotic  Synbiotic  Aciéifi SEM P Value
Proventriculus (g) 8.42 8.51 9.05 8.40 8.22 0.16 .640
Gizzard (g) 43.12 46.15 43.07 44.02 42.57 119 139
Liver (g) 64.77 66.65 61.72 62.15 63.92 1.36 0.823
Spleen (g) 1.87  1.98 217 2.06" 1.96* 0.03  0.104
Bursa (g) 2.28 2.14 2.36 2.25 2.09 0.04 0.222

a®Means in the same row with different superscrifffedsignificantly (P < 0.05)
The influences of dietary inclusion of prebiotiappiotic, synbiotic and acidifier on duodenum marjagy are

presented in Table 3. There was a significétQ(05) difference in Villus height between groups. Satthroilers
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supplemented with acidifier had the highest vilarel also villus height in synbiotic and acidifietogps had a
significant P<0.05 increase compared with control and probiotic gsouAlso, the difference of crypt depth
between experimental groups were significd@®(q.05. Synbiotic and acidifier groups had a significdatrease in
crypt depth compare to the control and probiotiougis. Furthermore, Villus height to Crypt depthiaahowed a
significant £<0.05) difference between experimental groups. So Widitys height to Crypt depth ratio in acidifier
and synbiotic groups was more than control and ipticbgroups P<0.05. And also the difference between
prebiotic and probiotic groups was significaR&(.05).

Table 3: Influences of different growth promoters @ duodenum histomorphometry

Experimental groups Statistics
Control  Prebiotic  Probiotic  Synbiotic  Acidifier EM P Value
Villus height (um) 1636.52 1693.6% 1610.96 1732.60 1760.23 16.97  0.008
Crypt depth (um) 186°3  182.6" 185.04 177.8 179.0 1.12  0.028
Villus height:Crypt depth ~ 8.78 9.27* 8.68 9.76 9.83 0.13  0.001

#Means in the same row with different superscrifffgidsignificantly (P < 0.05)
DISCUSSION

Following the supplementation of prebiotic, synlwotnd acidifier to basal diets, body weight incesh
significantly compared with control group. Howeveroilers supplemented with probiotic did not showmy a
significant difference in compare of control grodjnese results are in agreement with earlier sti@el8, 25, 26,
27]. Zakeri and Kashefi (2011) found that dietaupgementation of mannanoligosaccharide increaseg tveight

of broilers in compare of control group. Ortiz €t(@009) did not observe any effect by dietaryliison of inulin

as a prebiotic on body weight in broiler chickewhereas EL-Banna et al. (2010) found that dietagjusion of

two different prebiotics increased body weight ffigantly at the end of the experiment. It has begported that
dietary inclusion of synbiotic had a beneficialesff on body weight of broilers [18, 29, 30]. Chowdhet al.

(2009) found that citric acid supplementation aseidifier caused a significant increase on bodightein broiler

chickens, whereas Bonos et al. (2012) observedfact®n body weight of Japanese quail by additbacidifiers

to diets. In agreement of our findings, Abdel-Hat al. (2008) found that the addition of dietaityic acid, acetic
acid, or lactic acid improved body weight of broihickens compared with control group. Similarutes were

found by other researchers [25, 26]. Awad et 200@ reported that addition of probiotic to brodatiet did not
show any significant effect on body weight compavégth control group. In contrast, Mountzouris et(2010)

observed that diets containing®1€fu probiotic/kg increased body weight of broilsignificantly in compare of
control group. In agreement with our findings, reported that dietary supplementation of probidiit not affect

body weight of broilers [29, 32, 33].

Also, daily weight gain of broilers in prebioticyrdiotic and acidifier groups was significantly rachan control
group, whereas probiotic group did not differ sfigaintly compare to the control group. In agreemeith our
findings, Awad et al. (2009) found that dietary limion of synbiotic increased daily weight gain lmbilers
significantly, whereas; addition of probiotic had significant effect. In contrast, Jung et al (20®8und that
addition of galacto-oligosaccharides and Bifidobdoim lactis had no significant effect on daily gleti gain of
broiler chickens. Similar findings were reporteddilier researchers [29, 30]. Chowdhury et al. (208Borted that
addition of citric acid to broilers diet increasgaily weight gain significantly compare to the aohgroup.

Feed intake of broilers did not show any significdifference between experimental groups at theeemxgntal

period. Samli et al (2007) found that feed intakebmilers did not differ significantly by dietarinclusion of

probiotics. Similar results were found by Jung le{2008) who found that addition of prebiotic apibbiotic did

not have any significant effect on feed intake diler chickens. Nezhad et al. (2007) found that #iddition of
citric acid did not affect feed intake in broilesapplemented with citric acid and similar resultsrevfound by
Chowdhury et al. (2009). However, this observati@s not found by the findings of Moghadam et a00@&), who

reported that the effects of citric acid on feetdke of broilers were significant. Also, Salian¢lale (2011) reported
that dietary inclusion of prebiotic significantlecreased feed intake in broiler chickens comparigd eontrol

group, whereas, addition of probiotic did not h#we same effect as prebiotic

In the present study, dietary inclusion of synlii@id acidifier significantly decreased FCR in canmepof control
group during the whole experimental period, whelddition of prebiotic and probiotic had not a iigant effect
on FCR. In agreement with our findings, Chowdhutyak (2009) found that dietary inclusion of citracid
significantly decreased feed conversion ratio ioilbr chickens compared with control group. Similasults were
found by other researchers [20, 23, 27]. It hasilreported that addition of synbiotic to broileistdsignificantly
decrease feed conversion ratio in broiler chickg®8]. Also, Awad et al. (2009) reported that digtar
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supplementation of synbiotic significantly decrehdeed conversion ratio, while addition of probiotiad no
significant effect. In another study, Jung et 20(8) reported that dietary inclusion of prebiati@ probiotic had
no significant effect on feed conversion ratio imiler chickens and similar results were found biti0et al.
(2009). In contrast, Talebi et al. (2008) reporteat addition of probiotic to broiler chicken dietecreased feed
conversion ratio significantly. Salianeh et al. 12D observed that addition of prebiotic decreagssd fconversion
ration significantly, however, probiotic supplemeaidn did not affect feed conversion ratio in beoithickens.

The present study did not show any significantatffiy addition of prebiotic, probiotic, synbiotiad acidifier on
the weight of Proventriculus, Gizzard, Liver andr&ubetween groups. In agreement with our findiiigs;eported
that weight of Gizzard did not affect significanthy addition of prebiotic [36], probiotic [18, 286, 37] and
synbiotic [18]. Also, it has been reported thattalig inclusion of prebiotic, probiotic and synbothad no
significant effect on Liver weight [36, 38, 39]. dgreement with our findings, it's reported thatghtof Bursa did
not show any significant difference by dietary depgentation of prebiotic [36], probiotic [18,] asginbiotic [18].
In our study, the weight of Spleen increased sigaiftly (P<0.05) in probiotic group compare to the control group.
However, Awad et al. (2009) reported that additodrprobiotic and synbiotic to broilers diet did ngttow any
significant effect on spleen weight compared witimtcol group, whereas the weight of spleen wasifsigmtly
different between probiotic and synbiotic grouphdis been reported that addition of probioticsrulérs diet did
not have any significant difference on spleen wejg8, 38, 39, 40].

Small intestinal histomorphology including villugight, crypt depth and their ratio are one of ini@atr indications
of gut health in broiler chickens. Increased vilheight and villus height to crypt ratio are ditgctorrelated with
an increased epithelial turnover [41], and longili are associated with activated cell mitosis [4%hereas,
shortening of villus and deeper crypts lead to poarient absorbtion, increased secretion in gag#stinal tract
and reduced performance [43]. The present studyethoa significant effect on the intestinal morplgylo
concerning the villus height, crypt depth and &lheight to crypt depth ratio, as well as posigffects on growth
performance. In agreement with our findings, Seal.g2012) reported that supplementations of Racsubtilis LS
1-2 did not affect villus height, crypt depth artlus height to crypt ratio in duodenum significgntompared with
control group. However, Awad et al. (2010) founattaddition of Lactobacillus to broiler diet, inased villus
height and villus height and crypt depth ratio imodenum. Awad et al. (2008) found that dietary usin of

synbiotic did not have any significant effect orlug height, crypt depth and villus height to cryitio in

duodenum.

CONCLUSION

In Conclusion, addition of prebiotics, probiotisynbiotics and acidifiers to basal diets improvedigrmance and
intestinal morphology of broiler chickens. Amongdsle Synbiotic had the greatest effect on growtfopaance as
well as intestinal morphology in comparison withert experimental groups. Furthermore, experimagralips had
not any significant effect on the weight of intdroegans weights, except spleen that was greatethéoprobiotic
group compared with control group.
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