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Abstract:

BACKGROUND: Growth promoters are chemical and bio-
logical substancesthat are added to livestock food with theaim
toimprovethegrowthof chickensinfatteningandtheutilization
of food, and in thisway achieve better production and financial
results. OBJECTIVES: Anexperiment was conducted to evaluate
the effects of enzyme complex, probiotic, and their combination
on performance of broilers fed a basal wheat-barley-soybean
meal diet from 1to 47 d of age. METHODS: A total of 480-day-
oldmalebroiler chicks(Arbor Acres)wererandomly assignedto
6treatments, with4replicatecagespertreatment and 20 birdsper
cage. The experiment consisted of a 3x2 factorial arrangement
of the treatments, with 3.concentrations of enzyme complex (0,
half of thecommercial'suggestedlevel or commercial suggested
level) and 2 concentrationsof probiotic (0 and suggested level).
RESULTS: Results showed that the suggested level of enzyme
complex could.improve body weight and feed conversion ratio
(p<0.05), but-addition of probiotic only decreased the feed
conversion ratio(p<0.05). There was no interaction between
enzyme. complex and probiotic on performance (p>0.05).
Probiotic supplementation did not improve the efficacy of
enzyme complex at any levels. The examination of length and
relativeweight of different regionsof intestine showed that only
enzyme complex could decreasethere ative weight of duodenum
and length of jeunum; however, there was no interaction
between treatments for these parameters. CONCLUSIONS: This
research did not demonstrate any interaction effect between
enzyme complex and probiotic on broilers performance fed
wheat-barley-soybean meal diet.

Introduction

Researchfocusing onhbird'sendogenousenzymes
(Krogdahl et al., 1989; Sklan, 2002) suggested that
the young bird might be limited in the types and
amounts of enzymes necessary to utilize carbo-
hydrateand proteinindiet at early age; thus, affecting
nutrient digestibility (Noy and Sklan, 1994). Pro-
biotics and exogenous enzymes have been used
commercialy for a number of years to improve
poultry nutrient digestibility. There are many docu-
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ments about the beneficial effects of probiotics
(Patterson and Burkholder, 2003; Awad et al ., 2009;
Peric et a., 2009) and enzymes (Wang et al., 2005;
Peric et al., 2008) in broiler nutrition. Using
probioticsin poultry diets has a beneficial effect on
broiler performance (Khaksefidi and Ghoorchi,
2006), modulation of intestinal microflora and
pathogen inhibition (Mountzouris et al., 2007),
immunomodulation (Haghighi et al., 2005), and
certain haematobiochemical parameters (Mathivanan
et al., 2007). On the other hand, exogenous enzymes
areusually incorporated in poultry wheat- or barley-
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based dietsto degrade the anti-nutritive factors such
asarabinoxylansof wheat or 3-glucansof barley, and
consequently improve nutrient digestibility and the
growth performanceof poultry (Simon, 2000; Garcia
et al., 2008). It was shown that diet supplementation
with probiotic and/or such enzymes decrease the
most intestinal pathogens (Fukata et al., 1991; La
Ragione et a., 2004; Kizerwetter-Swida and Binek,
2005). Itwassupposedthat arel ationship betweenthe
effects of probiotic and enzyme complex especially
in a wheat-barley based diet could be found.
Vandeplas, et al. (2009) investi gated theefficiency of
alL. plantarum-xylanase combination on growth per-
formance of broilersinfected with S. Typhimurium.
Also, Rebole et al. (2010) examined the effects of
inulin (as a prebiotic) and enzyme complex,
individually or in combination, in broiler nutrition.
Theobjectiveof the present study wasto evaluatethe
effects of enzyme complex, probiotic, and their
combination on performance of broilers fed a basal
wheat-barley-soybean meal diet.

M aterialsand M ethods

Birds, housingand management: A total of four
hundred and eighty 1-d-old Arbor Acres broiler
chicks(average41+0.3gbody weight) wererandom-
ly assigned to 6 treatments of 4 floor pen replicates.
The birds were housed in deep litter pens and reared
from day oneto seven weeks. The temperature of the
experimental roomwasmaintainedat 32+2 °Cduring
thefirst week of trial and then reduced by 2 °C each
week till it reached 24 °C; which was maintained for
the rest of the period. All treatments were given ad
libitum accessto water and feed.

Experimental diets. The experiment consisted
of a3x2factorial arrangement of thetreatmentswith
3 concentrations of enzyme complex (0, half of the
commercial suggested level, and commercia suggest-
ed level) and 2 concentrations of probiotic (0 and
suggested level). Suggested levels of probiotic were
900,450, and 225mg/kgof thediet for starter, grower,
and finisher periods, respectively. The probiotic
(PrimaL ac®) contai ned theviablemicroorgani smsof
2x10° cfu (of L. acidophilus, L. Casei, B. bifidum, E.
faecium). Suggested levels of enzyme complex
(Combo®) containing P-glucanase, o-amylase,
cellulase, protease, and lipase were 500 mg/kg of the
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diet. Thebasal dietwasamashwheat-barley-soybean
meal that was formulated according to the Arbor
Acresbroiler nutrient requirementsfor starter (1to 10
d), grower (11 to 28 d), and finisher (29 to 47 d)
periods. Compositions of the basal diet and
calculated nutrient levels for the experiment are
presentedin Table 1.

Data collection: Chickenswere weighed on 10,
28, and 47 dto determineaveragebody weight (BW).
Feed intake (FI) per cage was recorded on the same
datesandfeed conversionratio (FCR) wascal cul ated
for all periods. At 47 d of age, two birdsof each cage
were killed to measure the relative weight of
duodenum, jejunum,-and ileum (g/g of carcass
weight) and their length aswell.

Satistical analysis: Data were analyzed as a
completely randomized design using the ANOVA
procedures of Statistical Analysis System soft ware
(SAS, 2005) and means were compared using
Duncan's multiple range test. A single cage
represented the experimental unit (replicate) for al
measured parameters. The results were presented as
means and SEM calculated by standard procedures.
Differences among treatments were considered
significant when p< 0.05. Themodel is:

Yik=W+A;+Bj+(AB); + ek

Where Yijkln is the observed response, u is the
overall mean, A isthe effect of enzyme complex, B,
is the effect of probiotic, (AB); is the interaction
between the effect of two factors, and gy is the
remained effects.

Results

Results showed that inclusion of asingle enzyme
complex or probiatic in the wheat-barley-soybean
meal diet can improve performance. Addition of
suggested level of enzyme complex inthediet could
increase the BW by 9.4, 8.4, and 8.4% on grower,
finisher, and whole period, respectively; however,
supplementation of probiotic did not have any effect
on this parameter (Table 2). FI was not affected by
treatments, while enzyme complex supplementation
decreased the FCR of whole period by 0.13 and
probiotic by 0.14 and 0.08 for starter and whole
periods, respectively (Table 2). Half of the suggested
level of enzyme complex did not display any
beneficia effect on performance and also there was
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Table 1. Formulation of thediet and estimated chemical composition of experimental rations. 1supplied per kilogramdiet: vitaminA=9000
IU, vitamin D3=2000 | U, vitamin B1= 18 |U, vitamin B3= 9.8 |U, vitamin B6=2.9 |U, vitamin B12= 0.15 U, vitamin E= 18 |U, vitamin
K3=2mg, vitamin B2=6.6 mg, vitamin B5=29.7 mg, vitamin B9= 1 mg, vitamin H2= 0.1 mg, Cholin chloride= 500 mg, Mn=99.2mg,
Zn=84.7mg, Fe=5mg, Co=1mg, Se=0.2mg, 1=0.992 mg.

Experiment Period

Sarter (1-10 Days)

Grower (11-28 Days)

Finisher (29-47 Days)

Ingredients
Wheat 300 300 300
Barley 300 300 300
Soy bean meal 170.7 200 175
Corngluten medl 1458 69.4 0
Wheat bran 0 30 100
Oil 325 60 90
Di calcium phosphate 20.8 16 13
Calcium carbonate 17.3 14 14
Methionine 0.6 0.7 0.1
Lysine 4.4 21 0.2
Salt 29 238 2.7
Premix1 5 5 5
CalculatedAnalysis
M.E.(Kcal.Kg) 2838 2902 2948
C.P 22.1 16.47 15.84
Lysine 1.38 1.09 0.86
Methionine 0.539 0.33 0.24
Methionine+ Cystine 0.920 0.58 0.48
Calcium 1.00 1.55 1.72
P (available) 0.50 0.49 0.48

Table 2. Effects of enzyme complex, probiotic, or their combination on growth performance. @b) Meanswithin arow lacki ng acommon
superscript aresignificantly different (*). @ Concentrations of enzyme complex are 1 (0), 2 (half of the suggested level) and 3 (suggested
level). @ Concentrations of probiotic are 1 (0) and 2 (suggested level). & BWG=Body Weight Gain. ) Fl=Feed Intake. ® FCR=Feed

Conversion Ratio.

Treatments BWG® (gr) FI®r) FCR® (gr/gr)
Enzyme®  Probiotic® 10 28 47 1-10 ~ 11-28  29-47  1-47 110 11-28  29-47 147
(%) (%) days days days days days days days days days days days
0 0 177 gg1@® 21130 224 1131 2543 3861  1.63 1.61 206 187@
50 0 183  g918@ 2150® 217 1127 2458 3761 152 155 200 1.80@
100 0 188  966@ 2301@ . 225 1142 2568 3887 152 148 192 1.74®
SEM 42 171 290 2.9 25.4 50.8 581 0.056 0.038 0048  0.028

0 0 179 914 2179 = 226 1154 2555 3892 163® 159 202  184@
100 186 930 2197 219 1113 2490 3781 149® 151 197  1.77®

SEM 34 139237 2.3 20.7 415 474 0045 0031 0039 0.023

0 0 174 864 2098 229 1123 2550 3883 1.70 1.64 2.06 1.89

100 180 899 2128 219 1140 2535 3839  1.56 1.58 2.07 1.86

50 0 174 903 2172 221 1160 2537 3845  1.66 1.61 2.00 1.84
50 100 193 934 2128 214 1095 2379 3677  1.39 1.49 1.99 1.76
100 0 190 975 2266 228 1180 2579 3948 152 152 2.00 1.80
100 100 185 957 2336 223 1104 2556 3826  1.52 1.45 1.85 1.69
SEM 6.0 241 411 41 36.0 71.9 822 0079 0054 0068 004

not any interaction between enzyme complex and
probiotic. The means of the length and the relative
weight of duodenum, jejunum, andileum for dietary
treatments are presented in Table 3. The suggested
level of enzyme complex only could decrease
(p<0.05) therelative weight of duodenum and length
of jgjunum, in comparison with the control group.
Probiotic supplemented group did not show signific-
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ant difference, and there was no interaction between
treatmentsfor these parameters.

Discussion
Beneficial microflora promote gut health by

influencing enterocyte turnover; competing with
pathogenic bacteria for nutrients and binding sites,
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Table3. Theratio of intestineregionsweight/carcassweight and their length inbirds, fed diet contained enzymecomplex, probiotic, or their
combination. ¢® Meanswithin arow lacki ng acommon superscript aresignificantly different (*). ) pR=Reative Wei ght of Duodenum;
JR=RelativeWeight of Jegjunum; | R= Relative Weight of |leum; DL=Duodenum L ength; JL=Jejunum Length; IL=lleum Length, Relative

weight wasbased on g of each section of intestine/g of total weight of carcass, and the unit of length of each section of intestinewas Cm.

@)

Concentrationsof enzyme complex are1 (0), 2 (half of the suggested level) and 3 (suggested level). ® Concentrationsof probicticare1(0)

and 2 (suggested level).

Treatments Items?
Enzyme'? Probiotic® DR R IR DL 1L I
(%) (%)

0 0 093@ 1.97 1.69 32.0 83.6@ 85.6
50 0 0.86®) 1.87 1.66 30.2 77.6@) 79.4
100 0 0.79®@ 177 152 321 76.0@ 78.0

SEM 0.029 0.072 0.053 0.78 2.01 2.47

0 0 0.87 1.82 1.67 315 78.8 813

0 100 0.85 1.92 1.58 314 79.3 80.7

SEM 0.023 0.059 0.043 0.63 1.64 2.02

0 0 0.98 2.02 1.81 317 82.6 86.8

0 100 0.87 1.91 1.58 323 84.6 84.3
50 0 0.89 1.79 1.75 313 79.7 80.5
50 100 0.84 1.95 157 29.1 75.6 78.3
100 0 0.75 1.65 1.45 316 74.1 76.6
100 100 0.84 1.89 159 327 77.8 79.3

SEM 0.041 0.103 0.076 1.103 2.847 3.504

and producing bacteriostatic compounds that limit
the growth of pathogenic bacteria (Farthing, 2004).
They also can improve the digestion and absorption
of nutrientsandimmunefunction(Mountzourisetal.;
2010).

Theantinutritional effect of wheat arabinoxylans
and B-glucans of barley has_been shown to be
correlated mainly totheentrapment of nutrientsinthe
polysaccharides structure, the so-called cage effect
(Simon, 2000) and to the increased viscosity of the
intestinal content in the'lumen, inrelation with in-
creased bacterial popul ations of the gut (Mathlouthi
etal., 2002; Choct et al., 2004). Exogenous enzymes
areusually incorporated in poultry wheat- or barley-
based dietsto degradethe antinutritiona arabinoxylans
of wheat or B-glucans of barley, which may con-
sequently improve the nutrient digestibility and the
growth performanceof poultry (Simon, 2000; Garcia
et al., 2008). Several studies have shown that such
enzymeshaveal so beenfound toreducethebacterial
colonizationinthe gut (Vahjen et al., 1998; Danicke
etal., 1999; Hubener et al., 2002).

Although only two birds from each cage were
killed at the end of the experiment to measure the
relativeweight of duodenum, jegunumandileumand
theirlength, theresultsshowedthat thepositiveeffect
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of enzymecomplex onlength of jeunumandrelative
weight of duodenum impliesits degradation activity
against antinutrients, and therefore it can be more
useful than probiotic for reduction of adverse effects
of antinutrientson intestinal thicknessand weight.

Although enzyme complex and probiotic supple-
mentation could enhancethefeed efficiency separate-
ly, the probiotic doesnot haveany beneficia impacts
on the effectiveness of enzyme complex. This
evidence shows that probiotic could not make a
condition for better activity of enzyme complex or
viceversa

Acknowledgments

Thiswork wassupported by the Research Council
of Amol University of Special Modern Technologies.

References
1. Awad, W.A., Ghareeb, K., Abdel-Raheem, S., Bohm,

J. (2009) Effects of dietary inclusion of probiotic and
synbiotic on growth performance, organ weights, and
intestinal histomorphology of broiler chickens. Poult
Sci. 88: 49-56.

2. Choct, M., Kocher, A., Waters, D.L.E., Pettersson,

1JVM (2013), 7(4):299-304



Seifi, S.

D., Ross, G. (2004) A comparison of three xylanases
on the nutritive value of two wheats for broiler
chickens. Br JNutr. 92: 53-61.

3. Danicke, S., Vahjen, W., Simon, O., Jeroch, H.
(1999) Effects of dietary fat type and xylanase
supplementation to rye-based broiler diets on
selected bacterial groups adhering to the intestinal
epithelium, on transit time of feed, and on nutrient
digestibility. Poult Sci. 78: 1292-1299.

4. Farthing, M.J.G. (2004) Bugs and the gut: An
unstable marriage. Best Practice and Research. Clin
Gastroenterol. 18: 233-239.

5. Fukata, T., Hadate, E., Baba, Y., Arakawa, A. (1991)
Influence of bacteria on Clostridium perfringens
infections in young chickens. Avian Dis. 35: 224-
227.

6. Garcia, M., Lazaro, R., Latorre, M.A., Gracia, M.1.,
Mateos, G.G. (2008) Influence of enzyme supple-
mentation and heat processing of barley on digestive
traits and productive performance of Broilers. Poult
Sci. 87: 940-948.

7. Haghighi, H.R., Gong, J., Gyles, C.L., Hayes, M.A.,
Sanei, B., Parvizi, P, Gisavi, H., Chambers, J.R.,
Sharif, S. (2005) Modulation of antibody-mediated
immune response by probiotics in chickens. Clin
Diagn Lab Immunol. 12: 1387-1392.

8. Hubener, K., Vahjen, W., Simon, O. (2002) Bacterial
responses to different dietary cereal types and
xylanase supplementation in the intestine of broiler
chicken. Arch Anim Nutr. 56: 167-187.

9. Kizerwetter-Swida, M., Binek, M. (2005) Selection
of potentially probiotic Lactobacillus strains towards
their inhibitory activity against poultry entero-
pathogenic bacteria. Poult JMicrobiol. 54: 287-294.

10. Khaksefidi, A., Ghoorchi, T.(2006) Effect of pro-
biotic on performance and immunocompetence in
broiler chicks. JPoult Sci. 43: 296-300.

11. Krogdahl, A., Sell, J.L. (1989) Influence of age on
lipase, amylase and protease activities in pancreatic
tissue and intestinal contents of young turkeys. Poult
Sci. 68: 1561 -1568.

12.La Ragione, R.M., Narbad, A., Gasson, M.J,
Woodward, M.J. (2004) In vivo characterization of
Lactobacillus johnsonii FI9785 for use as a defined
competitive exclusion agent against bacterial patho-
gensin poultry. Lett Appl Microbiol. 38: 197-205.

13. Mathivanan, R., Kalaiarasi, K. (2007) Panchagavya
and Andrographis paniculata as alternative to anti-

1JVM (2013), 7(4): 299-304

Iranian Journal of Veterinary Medicine

biotic growth promoters on haematological, serum
biochemical parameters and immune status of
broilers. JPoult Sci. 44: 198-204.

14. Mathlouthi, N., Mallet, S., Saulnier, L., Quemener,
B., Larbier, M. (2002) Effects of xylanase and B-
glucanase addition on performance, nutrient digest-
ibility, and physico-chemical conditionsin the small
intestine contents and caecal microflora of broiler
chickens fed a wheat and barley-based diet. Anim
Res. 51: 395-406.

15. Mountzouris, K.C., Tsirtsikos, P, Kaamara, E.,
Nitsch, S., Schatzmayr, G., Fegeros, K. (2007)
Evaluation of the efficacy of probiotic containing
Lactobacillus, Bifidobacterium, Enterococcus, and
Pediococcus strains in promoting broiler perfor-
mance and modulating cecal microflora composition
and metabolic activities. Poult Sci. 86: 309-317.

16.Mountzouris, K.C., Tsitrsikos, P, Palamidi, I.,
Arvaniti, A;; Mohani, M., Schatzmayr, G., Fegeros,
K. (2010) Effects of probiotic inclusion levels in
broiler nutrition on growth performance, nutrient
digestibility, plasma immunoglobulins, and cecal
microfloracomposition. Poult Sci. 89: 58-67.

17.Noy, Y., Sklan, D. (1994) Digestion and absorptionin
the young chicks. Poult Sci. 73: 366-373.

18. Patterson, J.A., Burkholder, K.M. (2003) Application
of prebiotics and probiotics in poultry production.
Poult Sci. 82: 627-631.

19. Peric, L., MiloSevic, N., Dukic-Stojcic, M., Bjedov,
S., Rodic, V. (2008) Effect of enzymes on
performance of broiler chickens. Biotechnol. Anim
Husb. 24: 45-51.

20. Peric, L., ikic, D., Lukic, M. (2009) Aplication of
alternative growth promotersin broiler production.
Biotechnol Anim Husb. 25: 387-397.

21.Rebolé, A., Ortiz, L.T., Rodriguez, M.L., Alzueta, C.,
Trevifio, J., Velasco, S. (2010) Effects of inulin and
enzyme complex, individually or in combination, on
growth performance, intestinal microflora, cecal
fermentation  characteristics, and  jejuna
histomorpho-logy in broiler chickens fed a wheat-
and barley-based diet. Poult Sci. 89: 276-286.

22. Simon, O. (2000) Non starch polysaccharide (NSP)
hydrolysing enzymes as feed additives: Mode of
action in the gastrointestinal tract. Lohmann Inf. 23:
7-13.

23. Sklan, D. (2002) Development of the digestive tract
of poultry. World's Poult Sci. 57: 415-428.

303



An investigation of the effects of using an enzyme...

24. Vahjen, W., Glaser, K., Schafer, K., Simon, O. (1998)
Influence of xylanase-supplemented feed on the
development of selected bacterial groups in the
intestinal tract of broiler chicks. JAgric Sci. 130:
489-500.

25. Vandeplas, S., Dauphin, R.D., Thiry, C., Beckers, Y.,
Welling, GW., Thonart, P, Théwis, A. (2009)
Efficiency of a Lactobacillus plantarum-xylanase
combination on growth performances, microflora
populations, and nutrient digestibilities of broilers
infected with Salmonella typhimurium. Poult Sci. 88:
1643-54.

26.Wang, Z.R., Qiao, S.Y., Lu, W.Q., Li, D.F. (2005)
Effects of enzyme supplementation on performance,
nutrient digestibility, gastrointestinal morphology,
and volatile fatty acid profiles in the hindgut of
broilers fed wheat-based diets. Poult Sci. 84: 875-
881.

304

Seifi, S.

1JVM (2013), 7(4):299-304



Abstractsin Persian Language

VRA-TF (F oo eV 0,53 ATAY 510l ool o alea

ﬁgsghdq’qb)wﬁﬁgﬁgﬁ:—ﬁp|r|93o.>l.é.’;w|c_”a|)3|‘sw)).g
*‘;iyw-*w
Ol e JoT e ol i 55 sla (5 55 nanass oKl (K ppals 0l ¢ (ASLeys p ghe 0 5

(WY sle GLTYV 1 ol Gods < WWAY sla 51 548 VA tellie il 5a)

P A ISVE P TR R VAT R EPWEPIEPE SN V-SRPWETR-KEY LR VS-S0 W VPV IO R] FRR W R LS JC PPN | YTV
TS5 5 S92 qoa T3l 0 Mitasl ST a2 pshaiio s 34850 (o) 1B i5d oo 5V 2 gusg iy 155 el &35S 0 50
3135) 3 (b g5 g YA+ 1,5 g, abplol (559, TV B (ol b guo gz cpliS el o 13 0,0 b (2555 gl 53,8os (59,
¥V JoysS 6 ol T fold sialo3l gl 5 oS a0 53 00550 Y 5 Lo o (61 5SS ¥ Lo & s b ysbo s (5,5 T)520
105,553 ()5 1 ake 5 yauo ) SSms el lale Y g ()l 1o 5 ()5 ke i o) ol cdale ¥ ule3Tenl )3 90
Lol ¢ (P</+0) 354 2138 ol o o 5 (339 S5 e b L5155 g 01 33T 63 Loy prbanw dS 315 ()Lt ol 2 gealis - Aod L] Caliseo
0103 o, as (69) 2 Sg9 29 w25 oo (b lie ST (P<0/+0) Wb o5 oy (ABISEE b o5 4 S 9290 (13,5 43L
Lo aSals (lis 03, calisee 3bolio s (3355 b yinloy]. i Caliseo g slaws )3 03 3313 Slas 3 gutgac LeSC3su g0 - (P>+/40) 25
2529529 w25 O ol 31 g (o) 32 (2] £ AP (8 1S A A 1S, e (B9 p 9555 sk 5 (a0 9 55 m 235
Sl GLES b gw g epdiS b o boddaniss udsS gladzrg s Sles

s d)Shas o2 Te S 45 1 s alS ssjly

Email: saeedseif i@umz.ac.ir +ANCV)XIVAOE 2 s + AN IIVIDV 2 pas 1§ g dien 5k

311



