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SUMMARY

Present study investigated the effect of adding either commercial or natural probiotics to broilers
diets on growth performance, nutrients digestibility and economical efficiency. Avi-Bac (a probiotic
product of concentrated lactic acid bacteria and enzymes) was used as a commercial probiotic, while
fresh skimmed milk and whey were used as a natural probiotics.

Nine hundred one-day-old unsexed Hubbard broiler chicks were randomly distributed into 6
experimental groups, of 150 broilers, with 3 replicates for each treatment group.

All diets were formulated to contain the tested levels of both commercial and natural probiotics and
were fed in a mash form. The experimental diets were fed in 2 phases: grower (1-4 wk) and finisher
(5-6 wk). Avi-Bac was used at level of 0.1%, while skimmed milk or whey were added at levels of 0.5 or
1.0% of the diet. Water and feed were offered ad-libitum throughout the experimental period, which
lasted 6-weeks.

Broilers receiving the diets supplemented with commercial and natural probiotics showed
significantly (P<0.05) improved growth performance including body weight, body weight gain, feed
intake and feed conversion ratio (FCR) compared with those fed the basal diet (control). Broilers fed
1% whey diet consumed more feed (P<0.05) and had greater body weight gain than the control group.
Feed/gain ratio improved significantly (P<0.05) with 1% whey diet compared with the control. The
digestibilities of organic matter (OM), crude protein (CP), ether extract (EE) and nitrogen free extract
(NFE) and nitrogen balance increased with 1% whey supplementation. However, there was no
significant difference (P>0.05) in crude fiber digestibility. Also, the data showed that adding both
natural or commercial probiotics to broiler diets improved the average values of calculated
economical efficiency.

The obtained results indicated that natural or commercial probiotic can be used as a growth
promoter in broiler diets and it can improve performance, nutrient digestibility and economic
efficiency of broilers.
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INTRODUCTION

In poultry industry, antibiotics are used
worldwide with the objective of improving
growth performance and prevention of
diseases. However, repeated use of antibiotics
in poultry diets resulted in severe problems
like resistance of pathogen to antibiotics,
accumulation of antibiotics residue in animal
products and environment, imbalance of
normal microflora, and reduction in beneficial
intestinal microflora (Barton, 2000). These
concerns resulted in severe restriction or total
ban on the use of antibiotics in animal and
poultry industry in many countries. As a result,
the poultry industry must focus on alternative
to antibiotics for maintaining health and
performance under commercial conditions.

Probiotics refer to a group of non-
pathogenic organisms that, when administered
in sufficient amount, are known to have
beneficial effects on health of the host

(Mountzouris, et al., 2007). Several studies
reported beneficial effect of probiotics on
growth performance (Kim et al., 2011),
nutrient retention (Shim et al., 2010), gut
health (Awad et al., 2010), intestinal
microflora (Mountzouris et al., 2010), reduced
the susceptibility to diseases (Mulder et al.,
1997), enhanced immunity function (Molnar et
al.,, 2011), and improved carcass yield and
quality in poultry (Bielecka et al., 2010).
Probiotics wused in broilers include
Lactobacillus,  Bifidobacterium,  Bacillus,
Streptococcus, Pediociccus, Enterococcus, and
yeast such as Saccharomyces cerevisiae and
Saccharomyces boulardii (Kabir, 2009). While
the functionality of probiotics depends on their
ability to survive and colonize the
gastrointestinal tract, the resistance of cells to
bile acids is a property that is necessary
(Taranto et al., 2006). However, many studies
have indicated that probiotic bacteria may not
survive in sufficient numbers when they pass
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through the gastrointestinal tract in in-vitro test
(Maragkoudakis et al., 2006). It was proposed
that the consumption of live microorganisms
(mainly lactic acid bacteria) could improve
intestinal health and the well-being of the host
(Lietal., 2008).

Skimmed milk was used as the suspension
medium because of its strong effect on the
stability of probiotic bacteria (Sodini et al.,
2002). It showed that broiler chicks can be fed
on Lactobacillus bulgaricus strain from
skimmed milk as a growth promoter to
improve performance, nutrient digestibility and
antibody production under hot and humid
conditions which prevail in the tropics (Apata,
2008).

Whey, the liquid remaining from cheese or
manufacturing and casein production, is one of
the most valuable protein sources in human
food chain. In spite of its balanced nutrients,
liquid whey is disposed of as a waste product,
leading to environmental pollution, which is of
great concern in many counties (Thivend,
1977). Also, whey is produced in the process
of milk acidification. Lactic acid bacteria
breaks down lactose (milk sugar) into glucose
and galactose, and then glucose is converted to
L (+) lactic acid during lactic acid fermentation
(Pijanowski, 1984).

It follows that both the level and form of
whey supplementation may significantly affect
broiler performance. Adding whey to diets
resulted in linear increase in body weight gain
and nitrogen retention in broiler chickens
(Kermanshahi and Rostami, 2006), and
significantly improved digestibility of protein
and fat, feed to gain ratio, and increased
absorption of minerals like, Ca, P, Cu, Fe and
Mg (Cleaves and Salim, 1982).

The purpose of the present study was to
investigate the effect of adding commercial
probiotic (Avi-Bac) or natural probiotics
(skimmed milk or whey) in broiler diets on
growth performance, nutrient digestibilities,
nitrogen retention and economical efficiency
of broiler chicks.

MATERIALS AND METHODS

The study was conducted at the
Experimental Station of the Animal Production
Department, Faculty of Agriculture, Cairo
University. A total number of 900, one-day-
old, unsexed Hubbard broiler chicks, of nearly
similar live body weight (45g) were used to
study the effect of adding either commercial or
natural probiotics on performance, nutrients
digestibility and economical efficiency. Avi-
Bac was used as a commercial probiotic, while
fresh skimmed milk and whey were used as a
natural probiotics (Dairy Technology Unit,
Faculty of Agriculture, Cairo University -

Price free). Avi-Bac is a probiotic product of
concentrated lactic acid bacteria and enzymes
for use in poultry diets. Each gram of Avi-Bac
contains 1.6 billion CFU lactic acid bacteria
(ProByn International Inc.).

Birds were randomly assigned to 6-
treatments; each contained 150-birds in three
replicates. Chicks were allocated in a littered
floor poultry house in an open system under
the same management conditions. Water and
feed were offered ad-libitum and artificial
lighting was provided 24-hours daily
throughout the 6-weeks experimental period.
All diets were formulated to contain the tested
levels of both commercial and natural
probiotics and were fed in mash form. Avi-Bac
was used at level of 0.1%, while both skimmed
milk or whey were added at levels of 0.5 or
1.0% of the diet. Accordingly, there were 5-
experimental treatments plus a control diet as
shown in Tables 1 and 2.

Vitamins, minerals and amino acids were
added to cover the recommended requirements
of broiler chicks according to the strain
guidelines. Formulation of the experimental
diets and their chemical composition are
presented in Tables 1 and 2.

Live body weight (BW) and feed intake
were recorded during the grower (1- 4 week)
and finisher (5-6 week) periods. Body weight
gain (BWG) and feed conversion ratio (FCR)
were calculated for the same periods. At the
end of the 42-day of age, 9-chicks from each
treatment were chosen and randomly housed
individually in metabolic cages to determine
digestibility coefficients of nutrients.

Analysis of feed and dried excreta was
done according to the official methods of
A.0.A.C (1990). Nitrogen-free extract was
calculated according to Abou-Raya and Galal
(1971). Fecal nitrogen was determined
according to Jakobsen et al. (1960). Finally, all
treatments were economically evaluated as
total cost needed to obtain one kilogram body
weight and the net revenue per unit of total
cost.

All dada were subjected to a one-way
analysis of variance using SAS programme
(SAS, 2004). Variables having significant
differences (P<0.05) were compared using
Duncan’s multiple range test (Duncan, 1955).

RESULTS AND DISCUSSION

Broiler performance:
Body weight and body weight gain:

Effects of experimental treatments on body
weight and body weight gain were significant
(P<0.05) at the end of grower and finisher
periods (Table 3). Body weight, at the
beginning of the experiment, did not
significantly vary among groups (P>0.05).
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Compared with the control, probiotic
supplementation (Avi-Bac, skimmed milk or
whey) significantly improved body weight and
body weight gain during the grower, finisher,
and overall periods. The group that received
1% whey (Tg) recorded the best body weight
and body weight gain in grower, finisher, and
overall periods. Improvement in body weight
gain due to feeding of 1% whey was 16, 14.60
and 15.24% at grower, finisher and overall
periods, respectively. However, there was no
significant difference (P>0.05) in body weight
and body weight gain at the end of each period
among dietary treatments (T,, T3, T4 and Ts)
which fed on diets supplemented with
probiotics. These results agreed with those of
Shim et al., (2010), Wang and Gu (2010), and
Kim et al. (2011), who concluded that adding
probiotic (Lactobacillus) to broilers diet
caused a significant improvement in their
weight.

In general, data on growth response
showed that Lactobacillus (LB) from skimmed
milk produced significant improvements over
the control group. These observations
confirmed previous findings that dietary
supplementation with LB cultures improved
the performance of chickens (Apata, 2008).
The enhanced growth with LB may be partly
attributed to the colonization of the
gastrointestinal tract of the chicks, which
improved the digestion of essential nutrients.
However, it is known that nutrients, especially
protein, metabolized by microflora are not
utilized by the host. Thus it possible that
skimmed milk usage as a medium to ensure
stability of the probiotic might have stimulated
proteolytic or protein digestion activity,
thereby contributing to the improvement in
nutrient digestion.

Birds offered whey in diets from 2-weeks
of age, performed better, and had significantly
greater body weight (P<0.05) compared to
control, and birds offered whey as drinking
liquid (Shariatmadari and Forbes, 2005). Whey
has been known to be a source of unidentified
factor (UGF) and is routinely used in poultry
diets (Susmel et al., 1995). Researchers
attributed the UGF of whey to its balanced
amino acids (Al-Ubaidi and Bird, 1964), high
protein efficiency ratio (Susmel et al., 1995),
rich source of water soluble vitamins and
minerals (Modler, 1982), and increased lactase
enzymes which is lacking in poultry digestive
system (Glusen et al., 2002). Ahmad (2006)
used whey as a substitute of antibiotics in
considerable amounts and as growth promoters
in broilers production. Wang and Gu (2010)
showed that probiotic administration in feed at
a certain concentration displayed a growth
promoting effect and increased activities of

protease and amylase. Based on these results,
use of a probiotic supplement in broilers diet
was recommended to stimulate productive
performance. Growth rate tended to increase
with dried whey supplementation, however it
should be noted that this numerical increase in
growth rate might have been influenced by the
relatively higher feed intake (Samli et al.,
2007).

Feed intake and feed conversion ratio:

Birds fed diets supplemented with Avi-Bac,
skimmed milk and whey showed higher feed
intake and better FCR during grower (1-4
week), finisher (5-6 week), and throughout the
study period (1-6 week) compared to control,
as shown in Table 3. During grower phase,
feed intake of broilers in treatments T; and T,
were greater (P<0.05) compared with the
control, but not different significantly between
Avi-bac and whey treatments (T,, Ts and T,
respectively). As for FCR, the probiotic
supplementation (T, to T¢) showed better value
(P<0.05) than the control. Moreover, during
finisher phase and overall periods, higher feed
intake (P<0.05) and better FCR (P<0.05) were
noticed in birds fed 1% whey than birds fed
control diet.

Therefore, results from current study
confirmed that supplementation commercial
(Avi-Bac) and natural (skimmed milk and
whey) probiotics in broiler diets improved feed
intake and FCR. These results are in agreement
with Khakesfidi and Ghoorchi (2006) who
reported that inclusion of probiotic in broiler
diets resulted in improvement in the average
values of feed intake and FCR.

Improvement in growth performance and
feed efficiency of broiler diets supplemented
with different types of probiotics yielded
cumulative effect of probiotic action including
the improvement of feed intake and digestion
(Shim et al., 2010), increased digestive
enzyme activity and decreased ammonia
production (Jin et al., 2000), maintained
beneficial microbial population (Fuller, 1989),
and caused an alteration gastrointestinal
bacterial metabolism (Jin et al., 1997). All
these changes could improve the efficiency of
feed consumed by birds. Partial improvement
might be related to the beneficial the effect of
lactose on gut microorganisms like increased
Lactobacillus and Bifidobacteria population in
the gut of the chickens (Kermanshahi and
Rostami, 2006). Apata (2008) noticed that feed
intake and feed/gain ratio with the LB-
supplemented from skimmed milk to broiler
diets were significantly better than with the
control diet. The addition of dried whey up to
1% to poultry diets showed greatest amount of
feed intake (P<0.05) and improvement in FCR,



210 Omara

due to increased presence of useful microbes in
digestive system, which help to overcome
harmful microbes. This would result in
increased growth and FCR improvement
(Radfar and Farhoomand, 2008; Aghaei et al.,
2010).

Overall, the beneficial effects of using
probiotics on broiler performance were in
agreement with a larger number of published
studies using probiotics in broilers (Willis and
Reid, 2008), compared with studied that
reported lack of positive effects (Priyankarage
et al.,, 2003). However, it was difficult to
directly assess different studies using
probiotics, because the efficacy of any given
probiotic application depends on many factors
such as species composition and viability,
administration level, application method,
frequency of application, overall composition
of diets wused, bird age, overall farm
management and hygiene, the quantity of
probiotic used, and environmental stress
factors.

Nutrients digestibility:

Birds fed diets supplemented with 1%
whey (Ts) recorded highly improved (P<0.05)
apparent digestibility of OM, CP, EE and
nitrogen balance; whereas, no difference
(P>0.05) was noted on digestibility of CF and
NFE, compared with the control, as shown in
Table 4. Moreover, digestibility of CP was
higher in birds fed diets supplemented with
commercial or natural probiotics than birds fed
control diet. No significant differences were
detected between birds fed Avi-Bac or 1%
whey on digestibility of OM, CP and NFE.
These results were similar to the finding of Li
et al. (2008) who found that feeding broilers
on diets supplemented with probiotic enhanced
the digestibilities of many nutrients. Also,
there were some reports showing that addition
of whey up to 4% of the diet increased fat and
protein digestibility (Susmel et al., 1995) and
increased absorption of some minerals, like
calcium and phosphorus (Al-Ubaidi and Bird,
1964).

Probiotics showed beneficial effect on the
host animal by improving its intestinal
microbial balance (Fuller, 1989), through
creating gut micro ecological conditions that
suppress  harmful  microorganisms  like
Clostridium and Coliforms, and by favoring
growth of beneficial microorganisms like
Lactobacillus and Bifidobacterium (Shim et
al., 2010; Kim et al., 2011). In line with
previous findings, birds fed diets with added B.
subtilis LS 1-2 had lower Clostridium and
Coliform counts compared to control diet.
Suppression of harmful microorganisms
resulted in better growth and metabolism of
beneficial microorganism which might have

improved the growth performance and
apparent nutrients retention in the current
study. A number of previous studies have
demonstrated the potential of probiotics in
improving the beneficial bacteria and suppress
potentially pathogenic bacteria in the intestine
(Mountzouris et al., 2010). Also, these bacteria
are beneficial for maintaining the integrity and
function of the small intestine in the host bird
(Jadamus, 2001), which then promotes
absorption and transport of glucose, amino
acids, Ca, P and other nutrients across the
intestinal epithelium into blood circulation.

The enzymes protease and amylase play an
important role in the fermentation of relative
nutrient, ultimately on animal performance and
health. As a result, protein digestibility and
utilization of diets with added probiotics would
improve consequently. These results were
similar to the finding reported by Jin et al.
(2000) who reported that inclusion of a
probiotic (a single strain of L. acidophilus or a
mixture of 12 Lactobacillus strains) resulted in
significantly higher amylase enzyme activities
in the small intestine of broilers. The protease
and amylase activities of broilers were also
positively affected by the final concentrations
of probiotic in the diet. The higher activity of
protease and amylase improved the digestion
of protein and starch, which might in turn
explain the better growth observed in current
study with T (1% Whey) diet.

Dietary LB from skimmed milk
significantly increased the apparent
digestibilities of nitrogen and fat but showed
no significant effect on the apparent
digestibility of fiber. This finding suggests that
LB increased the chicks’ ability to digest some
nutrients  (Apata, 2008). Gopal (2001)
demonstrated that Lactobacillus strains can
inhibit the adhesion to the intestinal wall of a
range of pathogenic bacteria that compete for
available nutrients. This action could produce
an improvement in intestinal absorption and
retention of nutrients, as evidenced in the
increase in nitrogen and fat digestion for all
LB treatment groups. This observation
confirms previous findings (Zulkifli et al.,
2000) that dietary supplementation with LB
cultures improved the performance of
chickens. The enhanced growth with LB may
be partly attributed to the colonization of the
gastrointestinal tract of the chicks with
beneficial microorganisms, which improved
the digestion of essential nutrients.

Adding whey to diet positively contributed
to digestibility and absorption of nutrients in
diet. This may be attributed to the fact that
whey produces acidic condition that is suitable
for growth of lactobacillus, thus increasing
digestibility and absorption of nutrients (Bilgili
and Moran, 1995). Much of the antimicrobial
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activity exhibited by probiotics may be
attributed to the production of lactic acid
(Makras et al., 2006). Lactic acid had been
shown to be a potent agent involved in
membrane permeability, thus causing sub-
lethal membrane damage of E.coli (Fayol-
Messaoudi et al., 2005). The mechanism
behind the antimicrobial effects of lactate is
attributed to lowering the internal pH of a
bacterial cell through the dissociation of the
organic acids (Alakomi et al., 2000).

Economic Efficiency (EF):

The final body weight and feeding cost are
generally among the most important factors
involved in achieving maximum efficiency of
meat production. The effect of dietary
treatments on economic efficiency is presented
in Table (5). It should be pointed out that the
economic efficiency values were calculated
according to the prevailing market (selling)
price of one-kilogram live body weight, which
was 10.0 LE at the end of experimental period.
Results indicated that when broiler chicks were
fed diets that contained either commercial or
natural probiotics, the average values of the
total cost’kg body weight decreased. The
average values of total revenue, net revenue,
economic efficiency, and relative economic
efficiency were increased compared with
control diet. Also, the data showed that adding
both skimmed milk and whey to broiler chick
diets improved average values of economic
efficiency compared to either control diet or
Avi-Bac supplemented diet. This finding is in
agreement with that obtained by Abd-Elsamee
(2001) who found that adding Avi-Bac as a
probiotic to broiler chick diet improved
economical efficiency.

In current study, the results showed that
commercial (Avi-Bac) or natural (skimmed
milk and whey) probiotics administration in
feed with a certain concentration displayed a
growth  promoting effect, improved
performance and nutrient digestibility. Based
on these findings, addition of 1% whey in
broiler diets is recommended to stimulate
productive performance, nutrients digestibility
and economical efficiency. However, the
addition of probiotics to broilers, requires
further research to clearly understand the
mechanism of action among the added
microorganisms, and to understand how the
probiotics behave in the digestive tract of
broilers.
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Table 1. Composition and calculated analysis of experimental grower diets (1-4 weeks)

Ingredients Control  Avi-Bac Skimmed milk Whey
0% 0.1% 0.5% 1% 0.5% 1%
T, T, T; Ty Ts Te
Yellow corn 58.4 58.2 57.5 56.8 57.5 56.8
Soybean meal (48% CP) 27.0 27.0 27.0 27.0 27.0 27.0
Corn gluten (60% CP) 8.0 8.0 8.0 8.0 8.0 8.0
Vegetable oil 2.0 2.1 2.4 2.6 2.4 2.6
Di-Ca Phosphate 2.0 2.0 2.0 2.0 2.0 2.0
Limestone 1.5 1.5 1.5 1.5 1.5 1.5
NaCl 0.3 0.3 0.3 0.3 0.3 0.3
Vit. & min. premix * 0.4 0.4 0.4 0.4 0.4 0.4
DL-methionine 0.1 0.1 0.1 0.1 0.1 0.1
L-lysine HC1 0.2 0.2 0.2 0.2 0.2 0.2
Anticoccidia 0.1 0.1 0.1 0.1 0.1 0.1
Avi-Bac - 0.1 - - - -
Skimmed milk - - 0.5 1.0 - -
Whey - - - - 0.5 1.0
Total 100.0 100.0 100.0 100.0 100.0 100.0

Calculated analysis**

CP % 23.10 23.12 23.06 23.01 23.06 23.01
ME kcal/ kg 3102 3103 3106 3101 3106 3101
EE % 4.82 4.92 5.19 5.36 5.19 5.36
CF % 3.41 3.41 3.39 3.38 3.39 3.38
Ca % 1.07 1.07 1.07 1.07 1.07 1.07
Available Phosphorus % 0.49 0.49 0.49 0.49 0.49 0.49
Methionine % 0.56 0.56 0.56 0.56 0.56 0.56
Methionine + cysteine % 0.71 0.71 0.71 0.71 0.71 0.71
Lysine % 1.26 1.26 1.26 1.26 1.26 1.26
Price / ton (LE) 2520 2550 2530 2530 2530 2530

* Vitamin and mineral premix at 0.4 % of the diet supplies the following per kg of the diet: Vit. A 12000 IU, Vit.
D; 3500 IU, Vit. E 30 mg, Vit. K3 3 mg, Vit. B; 3 mg, Vit. B, 8 mg, Pantothenic acid 12 mg, Folic acid 1 mg,
Biotin 5 mcg, Choline chloride 600 mg, Niacin 66 mg, Vit. Bs 5 mg, Vit. Bj; 20 mcg, Mn 100 mg, Fe 100 mg, Zn
75 mg, Cu 8 mg, I, 45 mcg and Se 10 mcg.

** According to NRC (1994).
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Table 2. Composition and calculated analysis of experimental finisher diets (5-6 weeks)

Control  Avi-Bac Skimmed milk Whey

Ingredients 0% 0.1% 0.5% 1% 0.5% 1%

T, T, T; T, Ts Te
Yellow corn 66.2 66.0 65.3 64.5 65.3 64.6
Soybean meal (48% CP) 20.0 20.0 20.0 20.0 20.0 20.0
Corn gluten (60% CP) 7.5 7.5 7.5 7.5 7.5 7.5
Vegetable oil 23 2.4 2.7 3.0 2.7 2.9
Di-Ca Phosphate 2.0 2.0 2.0 2.0 2.0 2.0
Limestone 1.0 1.0 1.0 1.0 1.0 1.0
NaCl 0.3 0.3 0.3 0.3 0.3 0.3
Vit. & min. premix * 0.4 0.4 0.4 0.4 0.4 0.4
DL-methionine 0.1 0.1 0.1 0.1 0.1 0.1
L-lysine HC1 0.2 0.2 0.2 0.2 0.2 0.2
Avi-Bac - 0.1 - - - -
Skimmed milk - - 0.5 1.0 - -
Whey - - - - 0.5 1.0
Total 100.0 100.0 100.0 100.0 100.0 100.0
Calculated analysis**
CP % 20.17 20.15 20.09 20.02 20.09 20.02
ME kcal/ kg 3200 3202 3204 3204 3204 3204
EE % 5.30 5.39 5.67 5.94 5.67 5.94
CF % 3.07 3.06 3.05 3.03 3.05 3.03
Ca % 0.87 0.87 0.87 0.87 0.87 0.87
Available Phosphorus % 0.47 0.47 0.47 0.47 0.47 0.47
Methionine % 0.51 0.51 0.51 0.51 0.51 0.51
Methionine + cysteine % 0.64 0.64 0.64 0.64 0.64 0.64
Lysine % 1.07 1.07 1.07 1.07 1.07 1.07
Price / ton (LE) 2440 2470 2450 2450 2450 2450

* Vitamin and mineral premix at 0.4 % of the diet supplies the following per kg of the diet: Vit. A 12000 IU, Vit.
D; 3500 IU, Vit. E 30 mg, Vit. K3 3 mg, Vit. B; 3 mg, Vit. B, 8 mg, Pantothenic acid 12 mg, Folic acid 1 mg,
Biotin 5 mcg, Choline chloride 600 mg, Niacin 66 mg, Vit. Bs 5 mg, Vit. Bj; 20 mcg, Mn 100 mg, Fe 100 mg, Zn
75 mg, Cu 8 mg, I, 45 mcg and Se 10 mcg.

** According to NRC (1994).
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Table 3. Effect of dietary treatments on broiler performance
Item Control Avi-Bac Skimmed milk Whey
0% 0.1%  05% 1% 0.5% 1%  *SEM V:l'ue
T, T, T; Ty Ts Te
Body weight (g)
Grower period (1-4 weeks) 753.33° 853.33° 846.67° 863.33" 853.33" 866.67% +29.44 0.0042

Finisher period (5-6 weeks)

Body weight gain (g)

Grower period (1-4 weeks)
Finisher period (5-6 weeks)
Overall period (1-6 weeks)

Feed intake (g/bird)

Grower period (1-4 weeks)

Finisher period (5-6 weeks)

Overall period 1-6 weeks

Feed conversion ratio

(g.feed / g.gain)

Grower period (1-4 weeks)

Finisher period (5-6 weeks)

Overall period 1-6 weeks

1620.00¢ 1743.33° 1750.00°

708.33°
866.67¢

1575.00° 1698.33° 1705.00° 1745.00° 1711.67°

1516.67° 1553.33%® 1586.67°
2060.00¢ 2090.00¢¢ 2133.33 2186.67° 2120.00°
3576.67 ¢ 3643.33° 3720.00% 3776.67% 3656.67%

2.14°
2.38°
2.27°

808.33°
890.00 ¢

1.92°
2.35%
2.15%

801.67*
903.33%

1.98°
2.36%
2.18°

1790.00° 1756.67°

818.33%
926.67°

1590.00° 1536.67%

1.94°
2.36°
2.16%

808.33°
903.33 %

1.90°
2.35°
2.14%

1860.00°

821.67°
993.33°
1815.00°

1573.33%®
2263.33°
3836.66°

1.92°
2.28°
2.11°¢

+33.58 <0.0001

+29.44 0.0042
+13.33 <0.0001
+33.58 <0.0001

+31.00 0.0469
+30.28 <0.0001
+47.20 0.0002

+0.045 0.0003
+0.027 0.0126
+0.030 0.0005

The mean values with different small letters (a, b, c,...etc.) within the same row indicate significant differences (P<0.05).

Table 4. Effect of dietary treatments on nutrients digestibility

Item Control Avi-Bac  Skimmed milk Whey +SEM  P-Value
0% 0.1%  05% 1% 0.5% 1%
T, T, Ts T, Ts Ts
oM 8227°  83.03™ 79.90° 80.50° 78.23Y  83.43"  +0.554 <0.0001
CcP 87.63°  90.83™ 90.10" 89.83° 88.80¢  91.27*  +0.457 <0.0001
EE 75.60°  7627°  73.77%  73.40%  74.63°  77.10° 0453 <0.0001
CF 30.80 3063 3027  29.87  29.83 30.90  £0.478  0.0639
NFE 80.90°  81.17°  79.73® 79.47" 78.73°  81.13*  £0.524  0.0003
NB 6233°  6433°  6230° 6227° 63.57°  66.13"  +0.439 <0.0001

The mean values with different small letters (a, b, c,...etc.) within the same row indicate significant differences

(P<0.05).
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Table 5. Effect of dietary treatments on economical efficiency of the experimental diets

Item Control Avi-Bac Skimmed milk Whey

0% 0.1% 0.5% 1% 0.5% 1%

T, T, T; Ty Ts Te
Fixed cost (LE)" 5.50 5.50 5.50 5.50 5.50 5.50
Feed cost (LE) 8.85 9.12 9.25 9.38 9.08 9.52
Total cost (LE) 14.35 14.62 14.75 14.88 14.58 15.02
Body weight (kg) 1.57 1.69 1.71 1.75 1.71 1.82
Cost/kg body weight (LE) 9.14 8.65 8.63 8.50 8.53 8.25
Total revenue (LE) 15.70 16.90 17.10 17.50 17.10 18.20
Net revenue (LE)* 1.35 2.28 2.35 2.62 2.52 3.18
Economic efficiency (EF) 0.094 0.156 0.159 0.176 0.173 0.212
Relative economic efficiency 100 166 169 187 184 225
(REF)

a) Bird price and rearing cost.

b) Assuming that the selling price of one kg. body weight is 10.0 LE.
¢) Net revenue per unit total cost = total revenue - total cost.

d) Assuming that the treatment number 1 represent the control 100%.

ey

aalll zlad 3 8 daub 4 gua cilladiiaS d8Laal) g clll Gl g 58N (ol A dad) dagdl)
o les ash) ) adlu
5 alEl drala ¢ Ao i 4ulS il gund) Z LY acid

) e aslll zlas 30le ) b o 3 lad S o) g &y gaad) cilladinall Aila) il dul )2l 3 el a2 ol
SO mea i (e (580 5 kad 6 s JaiaS) @l b i aladiu) a3 AolaBy) 5ol 5 acagll cllra ¢ aliyl
Apanl 4y s SllafineS cplll G5 s A0 Clll alasial o Laiy (Sibey 33V 5

2aal) Ay gludie aalae T ) L) pde GuSUSH Crand o jee (ine e 3 e S Qe aae A jaall sda (8 addiul
it de saae Sl S GO e e jsede saaa JSI KK Y00 Jadii Cumy

s jo s ola ye o pdall B35 &5 Beeli 3 ) geay Cpde 5 elially aplall ladiall e (g giad Cumy 3300 i S
Gids a0 Cll) e DS aladiad 5 Laiy 9%+, ) (5 say @l 81 aladial 5 (5 sad 1-0) alll Aa ya g (g sl £2)) i)
bl el Gl A el Bae IS madll (5 i i Allal) 5 elall aaai o5 Ailal) (e 0 5 0,0y sianay Gl

) Aanlall o 4 el S o) g & gea) illadinall L] ilian (3le o padll las 33335 o 4y el o3 il cana o
Ao sane A lhe ) Jysatl) Jalaas punll (55 (8 33000 ¢ puall (55 (B Aliaie ) gaall AlY) o1aY) o (3 Cpuen
Gend Js SN de sanalls 45 )81 amsall (55 (A 53005 JSLl eldal) 8ol Galll G %) e Al caf J )
G %) e Adall ol (J 5 S 4 jlie Galll G5 %) e Ay sinal) A8all e 408 die Uy gine I3 Jysatl Jalea
sl e 5 Y A Galitial) faY) paliiue Al 5 g pll g ganll Balall aas E3lalaa (83005 A ol
il s gxplall Jainall (e SIS Azl o) bl @ yedal Liagl 5 Y aan Jalea (o3 & sine CliDIEA) el A el CiDlay
ALY 3L o daus sia 8 Cpuand I zlaall 333y

V) Guad ) o Cum zlaall 30 B saill Jadie€ Ayl 5 Apepdal) cilladinall aladiul (S 45 E) Ciaa
CL;AH Lﬁahaﬁ‘)“ 'é;;\éﬁ\j ?A.AIQJ‘ Gy AP LS.ACL'IY\



