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The object of this experiment was to investigate the effect of an enzyme complex and a 
probiotic mixture, offered either singly or in combination, in the diet of broiler chickens 
(from 1 to 47 days of age) on growth and digestive tract weight and length. A total of 
480 1-day old male Ross-308 broilers were allocated to 6 treatments, with 4 replicates of 
20 birds each. The treatments were three concentrations of an enzyme complex (0, 250 
or 500 mg/kg of the diet) each with and without probiotic supplementation. Inclusion 
of the enzyme complex linearly improved body weight (BW) and food conversion ratio 
(FCR) and reduced the relative weight (g/g carcass weight) of duodenum and the 
length of the jejunum. Probiotic inclusion only improved FCR. However, there was an 
interaction between the linear effect of enzyme concentration and response to probiotic 
inclusion for BW, FCR and the relative weight of the duodenum. It is concluded that the 
combination of the enzyme complex and probiotic can improve the performance more 
than either supplement used on its own. 
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Introduction
Previous studies have indicated a benefi-
cial effect of dietary inclusion of probiotics 
(Mountzouris et al. 2010), enzymes (García 
et al. 2008) or enzyme complex (Oryschak 

et al. 2010; Rebolé et al. 2010) on the per-
formance of broilers. An improvement in 
food efficiency due to dietary inclusion 
of probiotic has been attributed changes 
in the gastrointestinal tract that facilitate 
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digestion and absorption of nutrients. This 
may reflect various physiological changes 
in the contents of gastrointestinal tract, 
including increased short chain fatty acid 
production, antimicrobial substances, 
stimulation of the immune system, and 
competition for nutrients and adhesion 
sites in the gastrointestinal tract (Jin 
et al. 1997; Vandeplas et al. 2009; Taheri 
et al. 2009), and therefore may contribute 
towards excluding pathogen colonization 
in the host. 

Exogenous enzymes are usually incor-
porated in poultry wheat- or barley-based 
diets to degrade the anti-nutritive, fac-
tors such as arabinoxylans of wheat, or 
β-glucans of barley, and consequently 
improve nutrient digestibility and the 
growth performance of poultry (Simon 
2000; García et al. 2008). Several studies 
have shown that such enzymes also reduce 
the colonization of the gut by pathogens 
(Vahjen et al. 1998; Danicke et al. 1999; 
Hubener, Vahjen and Simon 2002). Hence, 
it was supposed that there may be an inter-
action between the effects of probiotic 
and enzyme complex especially in a diets 
based on wheat and barley. For example, 
Vandeplas et al. (2009) investigated the 
efficiency of a Lactobacillus plantarum-
xylanase combination on growth perfor-
mance of broilers infected with Salmonella 
serotype Typhimurium. Therefore the 
objective was to evaluate the interac-
tion effect between an enzyme complex 
and probiotic inclusion for growth perfor-
mance of non-infected broiler chickens. 
The commercially suggested level of an 
enzyme complex and also half concentra-
tion with or without probiotic supplemen-
tation were used to test this assumption.

Material and Methods
Four hundred and eighty 1-day old male 
Ross-308 broiler chicks were randomly 

divided into 24 groups. Each treatment 
had 4 replicates and each replicate was 
assigned to a cage (2.5 m × 1.25 m) with 
20 broilers. Birds were raised in on-floor 
cages and in an environmentally con-
trolled house; they were exposed to a 
23:1 light:dark cycle and had ad libitum 
access to water and feed. The experiment 
consisted of a 3×2 factorial arrangement 
of treatments: three concentrations of 
enzyme complex (0, 250 and 500 mg/kg 
of the diet) with and without probi-
otic supplementation. The commercially 
recommended levels of the probiotic 
supplement (Primalac, Star-Labs, USA) 
were used; 900, 450 and 225 mg/kg of 
the diet for starter, grower and finisher 
periods, respectively. The probiotic mix-
ture contained L. acidophilus, L. casei, 
Bifidobacterium bifidum, Enterococcus 
faecium at viable number of 2×108 colony 
forming units per 1 kg of the supplement. 
Commercially recommended inclusion of 
the enzyme complex was 500 mg/kg of the 
diet; the complex contained β-glucanase, 
α-amylase, cellulase, protease and lipase. 
All procedures were approved by the 
Animal Care and Welfare Committee of 
the University of Tehran. All diets were 
based on wheat-barley-soya. Addition of 
bran, corn, gluten meal and vegetable oil 
were chosen so that all diets had a metabo-
lizable energy concentration of 12.1 MJ/kg 
and 221.5, 184.1 and 172.3 g/kg crude 
protein for starter (1 to 10 days), grower 
(11 to 28 days), and finisher (29 to 47 
days) periods, respectively. The formula-
tion of the diets was based on guidelines 
for Ross-308 broilers (Broiler Nutrition 
Specification 2007).

Broilers were weighed on days 10, 
28 and 47 to determine average body 
weight (BW) per cage and weight gain 
was calculated. Average initial weight of 
all chicks was 39 g. Food intake per cage 
was recorded at the same ages and food 
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conversion ratio (FCR) was calculated 
for all growth periods. At 47 days of age, 
2 birds from each cage were sacrificed to 
measure length and relative weight (g/g 
of carcass weight) of duodenum, jejunum 
and ileum. 

Data were analyzed as a complete-
ly randomized design using Proc GLM 
procedure of SAS (2003) with pen as 
the experimental unit. The response 
to increasing concentration of dietary 
enzyme and its interaction with probi-
otic were partitioned using orthogonal 
polynomial contrasts. Since the quad-
ratic components were not significant 
for any response variable, these are not 
displayed in the results section. Means 
were compared using the Tukey-Kramer 
procedure. 

Results and Discussion
Performance improvement of broil-
er chickens by addition of feed addi-
tives in the diets has been known for 
several decades. Enzymes in wheat or 
barley-based diet and probiotic as an 
alternative of antibiotics, are some of 
the outstanding ones for this purpose. 
Combination of some feed additives with 
together in the diet formulation some-
time can enhance their effectiveness. 
The results (Table 1) show that inclu-
sion of the enzyme complex linearly 
improved BW at 28 (P < 0.003) and 47 
(P < 0.002) days of age, representing 
increases of 8.4% compared to the non-
supplemented group, but addition of 
probiotic had no effect on growth at 
any point. Food intake was not affected 
by the treatment, but addition of the 
enzyme complex improved the FCR in 
a linear fashion (P < 0.01). The high 
concentration of the enzyme complex 
reduced FCR (P < 0.01) by 0.13 over the 
47 day period. Furthermore, addition of 

the probiotic improved FCR (P < 0.05) 
(for days 1 to 10 and 1 to 47). There 
was an interaction between the linear 
response to enzyme complex concentra-
tion and probiotic inclusion for growth 
performance. Probiotic inclusion boosted 
the effect of enzyme complex on BW (at 
28 and 47 days of age) and on FCR (for 
the whole period). Thus the combination 
of enzyme and probiotic in the diet can 
enhance the food efficiency more than 
that when used singly. One reason for 
this interaction may be a reduction of 
intestinal pathogen level: enzymes, by 
degrading the anti-nutritive factors and 
so reducing the viscosity of the digesta, 
and probiotic, by increasing the benefi-
cial microflora, production of antimicro-
bial components, short chain fatty acids 
and lowering the pH of digestive tract.

The inclusion of the enzyme complex 
caused a linear reduction in the length of 
the jejunum (P <0.01) and in the relative 
weight of the duodenum (P <0.01) and 
ileum (P <0.05) and this effect exhibited 
a significant interaction with probiotic 
inclusion for each of these components 
(Table 2). The interaction reflected the 
fact that the linear reduction was greater 
in the absence of probiotic than when pro-
biotic was included. The positive effect of 
enzyme complex on length of jejunum 
and relative weight of duodenum implies 
an effect on degradation of anti-nutritive 
factors. Such degradation reduces the 
viscosity of the digesta and consequently 
a negative effect on intestinal weight and 
length. Typical probiotics do not have 
any ability to hydrolyze non-starch poly-
saccharides. Probiotic inclusion is not 
expected to change the physical proper-
ties of the digestive tract; the interaction 
of enzyme level and probiotic inclusion 
for the relative weight of duodenum was 
unexpected and we cannot offer any 
explanation. 
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It is concluded that the combination 
of the enzyme complex and probiotic can 
improve the performance more than either 
supplement used on its own. 
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