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INTRODUCTION

Broiler production is one of the most important and promising sector in poultry industry in terms of
advantage of quick return that plays a vital role in the economic growth of Bangladesh. It has been proven that
the genetic potentiality of the fast growing commercial broilers is achieved in the shortest possible time by the
application of modern nutri-biotechnology. However, the optimum growths of broilers are seriously hampered
by the invasion of pathogenic microorganisms. In order to cope with the challanges of growth-inhibiting
microorganisms, some antibiotics like bacitracin, virginiamycin, flavomycin, avilamycin, tiamulin, colistin
sulphate, oxytetracycline, aureomycin, chlortetracycline, neomycin sulphate, erythromycin and enrofloxacin
have been used for several decades in broiler feed at a sub-therapeutic level. Antibiotics are double edge
weapon. Antibiotics that are used as AGP in broiler feed have been shown to increase meat yield and improve
feed efficiency with substantial reduction in pathogenic bacteria in the host gut (Gaskins et al., 2002). They are
also widely used in veterinary field for reducing the incidence of diseases. However, indiscriminate use of
antibiotics in broiler production leads to the development of antibiotic resistant pathogenic bacteria, thereby
causing resistance to medicines, persistence of infections and treatment failure. Several studies provided
evidence that inappropriate and excessive use of antibiotics has led to the accumulation of their residues in
edible broiler carcass which poses a major threat and potential risk to public health (Donoghue, 2003; El-
Kahky and Allam, 2005; Nisha, 2008; Shareef et al., 2009; Jallailudeen, 2015). In Bangladesh, a recent study
has shown that high levels of residues of major antibiotics like tetracycline, ciprofloxacin, enrofloxacin and
amoxicillin were found mostly in liver, kidney, thigh meat and breast meat of broilers (Sattar et al., 2014). The
European Union has reported that about 25,000 patients died each year from infections caused by drug-
resistant bacteria, which is equivalent to €1.5 billion of medical healthcare costs (Ziggers, 2011). For this
reason, most of the poultry meat consumer groups are avoiding meat from birds fed on diets containing
antibiotics. In consequence, the European Union has banned the use of antibiotics in animal production since
2006 and other developed countries have limited the antibiotic use in poultry production. However, the ban of
AGP demands the search for more suitable and safer alternatives to antibiotics that would promote growth,
feed utilization and gut health without having any residual effect on poultry products. Recently, many feed
additives referred to as natural growth promoters or non-antibiotic growth promoters have been evaluated
which include probiotics, prebiotics, synbiotics, acidifiers, phytobiotics, etc. (Ricke, 2003; Hruby and
Cowieson, 2006; Kocher, 2006; Alavi et al., 2012).

The term probiotic derived from Greek word “pro bios” which means “in favor of life” (Coppola and Turnes,
2004). According to the definition by FAO/WHO, probiotics are live microorganisms which when administered
in adequate amounts confer a health benefit on the host (Fuller et al., 1989). Studies have shown that
probiotics act as substitute for AGP (Tomasik and Tomasik, 2003), which have been used on poultry to
increase weight gain (Kapil et al., 2015). Probiotics added to poultry feed help in the production of vitamin B
complex and digestive enzymes, and stimulation of intestinal immunity, increasing protection against toxins
produced by pathogenic microorganisms (Alexopoulos et al., 2004). In broiler, probiotic species such as
Lactobacillus, Streptococcus, Bacillus, Bifidobacterium, Enterococcus, Aspergillus, Candida and
Saccharomyces are widely used to prevent poultry pathogens and diseases and to improve growth
performance of broilers (Zulkifli et al., 2000; Kalavathy et al., 2003; Kabir et al., 2004; Timmerman et. al, 2006;
Awad et al., 2009; Lee et al., 2010; Kapil et al., 2015). However, combination of Bacillus subtilis and Bacillus
licheniformis are widely used as health-boosting probiotic strains, which have been shown to aid in nutrient
digestion and absorption and in creating the favourable conditions for beneficial bacteria (Kapil et al., 2015).

On the other hand, recent studies in poultry nutrition have shown that acidifiers (feed additives containing
low-molecular-weight organic acids e.g. acetic, citric, lactic, formic, sorbic, ascorbic, propionic, fumeric and
malic acid) act as antimicrobial and intestinal pH regulator which when used in poultry diets cause maximum
utilization of feed and reduction in harmful bacterial population in the hosts’ gut, improvement of performance
and promotion of health status of poultry fed diets devoid of AGP (Skinner et al., 1991 and Kil et al., 2011).
The organic acids (non-dissociated or non-ionised and more lipophilic form) can penetrate the bacteria cell
wall and disrupt the normal physiology of certain types of bacteria (Kapil et al., 2015). It has been reported that
acidifiers reduce Coliforms and Clostridia loads in the gut and increase the number of beneficial bacteria such
as Lactobacilli in the ileum (Akyurek et al., 2011).
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Alhough there is an ample evidence for beneficial bacteria competing and excluding potential pathogens
in the intestinal tract of chickens, there is evidence that probiotic strains fail to compete with harmful bacteria
when the gut pH increases toward a more alkaline range due to inclusion of high protein and minerals in the
diet or in a situation when harmful bacterial population is already high in the gut before probiotic administration
(Edens et al., 1997; Edens, 2003; Kapil et al., 2015). Therefore, a favourable microenvironment (to stabilize
the low pH) is required which might be provided with the supplementation of acidifier in broiler diet containing
probiotic to exhibit full potentiality of probiotic bacteria in the gut. However, limited evidence is available on the
benefit of combining probiotics with acidifier in broiler diet in comparison to their benefit alone. In order for the
elucidation of the effect of probiotic containing beneficial bacterial spore and acidifier on broiler performance
and profitability of broiler rearing, the present study compared the effectiveness of individual supplements and
synergistic combination of probiotic (Bio-Top) and acidifier (Sal-Stop) as alternative to AGP in broiler diet.

MATERIALS AND METHODS

Experimental house
The experiment was conducted in a gable type open sided house. The room area was 500sq.ft. The room
was partitioned into 20 pens of equal size using wire net. Area of each pen was 20sq. ft. (10 feet x 2 feet).

Experimental birds

A total of 400 day-old straight run Cobb 500 commercial broiler chicks were purchased from the Mono
Hatcheries Ltd., Mowna, Gazipur, Dhaka, to carry out this research work. The experiment was conducted at
the Bangladesh Agricultural University Poultry Farm for a period of 35 days from 06 August 2015 to 09
September 2015.

Table 1. Ingredient composition of broiler starter diet

Ingredient T1 T2 Ts Ta Ts
Maize 54.99 54.97 54.79 54.79 54.79
Soya bean meal 31.0 31.0 31.0 31.0 31.0
Protein concentrate (Propak) 7.0 7.0 7.0 7.0 7.0
Di calcium phosphate 1.35 1.35 1.35 1.35 1.35
Limestone 0.80 0.80 0.80 0.80 0.80
Soybean oil 4.0 4.0 4.0 4.0 4.0
L-Lysine 0.10 0.10 0.10 0.10 0.10
DL-Methionine 0.12 0.12 0.12 0.12 0.12
Vitamin-mineral- 0.25 0.25 0.25 0.25 0.25
amino acid premix

Choline chloride 0.03 0.03 0.03 0.03 0.03
Common salt 0.36 0.36 0.36 0.36 0.36
Antibiotic - 0.02 - - -
Probiotic - - 0.20 - 0.10
Acidifier - - - 0.20 0.10
Total 100 100 100 100 100

Where, T1 = Control (Basal diet; BD), T2 = BD containing antibiotic growth promoter (200g/ton), T3 = BD containing
probiotic (200g/100kg), T4 = BD containing acidifier (200g/100kg), and T5 = BD containing equal amount of probiotic and
acidifier (1:1; 200g/100kg).
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Formulation of diet

Broiler starter and grower diets were formulated and manufactured in Poultry Farm feed unit. Starter diet
was provided from day old to 21 days and grower diet was provided from 22 days to 35 days. Composition of
the ingredients used in starter and grower diet is shown in Table 1 and Table 2, respectively. The nutrient
requirements of the experimental broilers were satisfied as per standard recommended by the Cobb 500 strain
producing company. Nutrient composition of the formulated starter and grower diet is shown in Table 4.

Table 2. Ingredient composition of broiler grower diet

Ingredient T1 T2 Ts Ta Ts
Maize 60.00 59.98 59.80 59.80 59.80
Soya bean meal 24.09 24.09 24.09 24.09 24.09
Protein concentrate (Propak) 8.0 8.0 8.0 8.0 8.0
Di calcium phosphate 1.35 1.35 1.35 1.35 1.35
Limestone 0.70 0.70 0.70 0.70 0.70
Soybean oil 5.0 5.0 5.0 5.0 5.0
L-Lysine 0.10 0.10 0.10 0.10 0.10
DL-Methionine 0.12 0.12 0.12 0.12 0.12
Vitamin-mineral- 0.25 0.25 0.25 0.25 0.25
amino acid premix

Choline chloride 0.03 0.03 0.03 0.03 0.03
Common salt 0.36 0.36 0.36 0.36 0.36
Antibiotic - 0.02 - - -
Probiotic - - 0.20 - 0.10
Acidifier - - - 0.20 0.10
Total 100 100 100 100 100

Where, T1 = Control (Basal diet; BD), T2 = BD containing antibiotic growth promoter (200g/ton), T3 = BD containing
probiotic (200g/100kg), T4 = BD containing acidifier (200g/100kg), and T5 = BD containing equal amount of probiotic
and acidifier (1:1; 200g/100kg).

Experimental ingredients

Probiotic (Bio-Top; Shinil Biogen Co. Ltd., South Korea) product used in this study is imported in
Bangladesh by Pharma and Firm Co. Ltd., Dhaka. Probiotic was included in the basal diet at a rate of
200g/100kg of mixed feed. The acidifier (Sal-Stop; Impextraco, Belgium) product used in this study is imported
in Bangladesh by Century Agro Ltd., Dhaka, Bangladesh. Acidifier was included in the basal diet at a rate of
2009/100kg of mixed feed. It is a synergistic combination containing salts of propionic acid, acetic acid, formic
acid, sorbic acid, lactic acid, phosphoric acid and their free acids, completed with emulsifiers and natural
extracts. It contains free fatty acids on a silica carrier. Renamycin (Renata Ltd., Dhaka, Bangladesh) was used
in this study as an AGP. Each gram of Renamycin soluble powder contains oxytetracycline USP 200mg. The
inclusion rate of the product was 200g/ton of mixed feed.

Table 3. Composition of probiotic (Bio-Top)

Name of ingredient Amount
BioPlus 2B 259

a) Bacillus licheniformis 4x10%° CFU/g
b) Bacillus subtilis CH201 4x10%° CFU/g
Zinc Oxide 20g
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Table 4. Nutrient composition of starter and grower diet

Nutrients Starter diet Grower diet
Analyzed

DM (%) 89.68 87.09
CP (%) 23.66 20.59
CF (%) 3.81 2.88
EE (%) 5.71 481
Calculated

ME (kcal/kg) 3050 3150
Lysine (%) 1.24 1.06
Methionine (%) 0.50 0.63
Metionine + Cystein (%) 1.00 0.92
Calcium (%) 1.21 1.05
Available Phosphorus (%) 0.45 0.42

Management of the experimental birds

The experiment was conducted during August to September 2015. The environmental temperature was a
little bit lower than the recommended brooding temperature. So, additional heat was provided to chicks. The
chicks were brooded in respective pens using one 100-watt electric bulb in each pen. The chicks were
provided with a temperature of 35°C at first week of age, decreasing gradually at a rate of 3°C per week and
continued up to 4 weeks of age. The room temperature and humidity was measured by an automatic thermo-
hygrometer. Fresh and dried rice husk was used as litter material and spreaded over the floor at a depth of 3
cm. After first two weeks, upper part of the litter mixed with droppings was removed and replaced with new
litter. At the end of 3 weeks, old litter was totally replaced by new litter. After 14 days, litter was stirred in every
alternative day to dry up quickly and to remove harmful gases. Starter diet was provided for the first 21 days
and then grower diet was provided to the broiler up to 35 days of age. In all cases, feeds were offered ad
libitum to all broilers. Feed was supplied four times daily; once in the morning, noon, afternoon and again at
night in such a way that feeder was not kept empty. Fresh and clean water was made available at all times.
The broilers were exposed to a continuous lighting period of 23 hours and a dark period of 1 hour in each 24
hours. The dark period provision was made to keep the broilers familiar with darkness in the failure of
electricity, if happens. The vaccination schedule that was followed during the experimental period is given in
Table 5.

Table 5. Vaccination schedule for the experimental broilers

Age of broilers (day) Name of Vaccine Trade Name* Dose Route of vaccination
4 IB+ND MA5+Clone30 One drop Ocular
10 IBD D-78 One drop Ocular
21 IBD D-78 One drop Ocular

IB, Infectious Bronchitis; ND, Newcastle Disease; IBD, Infectious Bursal Disease
*Intervet International, B.V. BOXMEER, The Netherlands.

Processing of broilers

At the end of feeding trial, one male and one female broilers having near to pen average weight were
taken from each pen for recording meat yield parameters. Broilers were slaughtered and allowed to bleed for 2
minutes and immersed in hot water (semi-scalding; 51-55°C) for 120 seconds in order to loose feathers
followed by removal of feathers by hand pinning. Then head, shank, viscera, giblet (heart, liver and gizzard)
and abdominal fat were removed for determination of meat yield parameters. Dressed broilers were cut into
different parts such as breast, thigh, drumstick and wing. Finally, every cut up parts were weighed and
recorded separately for male and female broilers of all replications.
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Data collection

Birds were weighed at the first day of experiment (initial body weight) and weekly basis for all birds from
each replication. Average body weight gain of the broiler in each replication was calculated by deducting initial
body weight from the final body weight. The amount of feed consumed by the birds in each replication of each
treatment group were calculated for every week by deducting the amount of feed left over from the amount
supplied for a particular week. FCR was calculated as the unit of feed consumed per unit of body weight gain.
The cost of broiler production for each treatment group was calculated based on the market price of feed
ingredients, cost of chicks, cost of probiotic, acidifier etc., at the time of this experiment. For analysis of exact
cost involved in broiler production, some other factors such as electricity, litter material, vaccination,
medication, labour and even the depreciation cost of structure were also considered. Profit was calculated per
broiler and per kg broiler basis by excluding total cost of production from the total sale price of bird.

Statistical analysis

Data on body weight, body weight gain, feed consumption and FCR of broilers were subjected to analysis
of variance (ANOVA) in a completely randomized design (CRD) employing SAS (2009) statistical package
program.

RESULTS AND DISCUSSION

Live weight of broiler

Day-old chicks (DOC) were distributed randomly in the pens of different dietary treatments. All DOC,
irrespective of their dietary regimen, had similar (P>0.05) initial live weights (Table 6). Broilers gained weight
with the advancement of age, but the live weights up to the age of two weeks were not significantly different
(P>0.05) for treatment groups. However, broilers fed on either BD, AGP, probiotic, acidifier alone or probiotic
plus acidifier differed significantly (P<0.05) for 39, 4" and 5" week live weight. Broilers received both probiotic
and acidifier exhibited highest live weight at all ages, followed by broilers fed on probiotic, acidifier, AGP and
control diet.

Table 6. Live weight of broilers fed on different dietary treatments

Age Dietary Treatment Level of

(Day) T, T, T T T Significance

0 52.2+0.09 52.6+0.09 52.5+0.09 52.7+0.09 52.6+0.09 NS
180.9+0.91 182.8+0.91 185.1+0.91 184.2+0.91 186.1+0.91 NS

14 476.3+4.14 482.2+4.14 492.1+4.14 488.1+4.14 500.5+4.14 NS

21 867.9+9.752 884.6+9.75° 905.6+9.75°¢ 895.8+9.75° 925.8+9.75¢ *

28 1236.1+23.452 1265.6+23.45° 1303.3+23.45° 1296.5+23.45° 1376.2+23.45¢ *

35 1653.3+38.37 1719.6+38.37° 1793.1+38.37¢ 1766.0+38.37¢  1883.9+38.37°¢ *

Where, T, = Control (Basal diet; BD), T, =BD containing antibiotic growth promoter (200g/ton), T; = BD containing probiotic
(200g/100kg), T, =BD containing acidifier (200g/100kg), and Ts = BD containing equal amount of probiotic and acidifier (1:1;
200g/100kg). NS = Non-significant, P>0.05; * Significant difference, P<0.05.

The results obtained in this study are in consistence with the findings of Bai et al. (2013), who compared
probiotic fed broilers with antibiotic, and probiotic plus antibiotic fed broilers. They reported that probiotic and
its combination with antibiotic resulted in higher live weight of broilers during grower period (21-42 days)
compared to control diet. Sabatkova et al. (2008) investigated efficacy test of probiotic (BioPlus 2B; Bacillus
subtilis and B. licheniformis) and Avilamycin for growth performance and slaughter yields of broilers. They
reported that the supplementation of probiotic enhanced higher weight gain than did the Availamycin. Several
studies have also shown that broilers fed on probiotic (Bacillus subtilis and B. licheniformis) gained higher
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body weight during the grower phase (21-42 days) than the broilers on control diet (Ahmad and Taghi, 2006;
Shim et al., 2012 and Salim et al., 2013). Chowdhury et al. (2009) reported that addition of citric acid to broiler
diet increased weight gain significantly compare to the control group. However, the present study revealed
that the combination of probiotic with acidifier reseulted in faster growth rate of broilers than did the probiotic
alone which are in agreement with the findings of Bandy (2001); Lima et al. (2002) and Kalavathy et al. (2003).

Feed intake

Although feed intake by the broilers varies numerically between the groups, there were no significant
differences (P>0.05) in feed consumption due to dietary treatments (Table 7). However, it is clear that
inclusion of probiotic in the basal feed resulted in higher feed intake by the broilers, irrespective of the age,
compared to other test ingredients in the diet. Higher feed consumption by the broilers under probiotic (Bio-
Top) regimen in this study is in agreement with the results of earlier studies (Mohan, et al., 1996; Panda et al.,
1999 and Zulkifli, et al., 2000), who demonstrated that probiotic stimulated the gut to intake more feed. In the
current study, a tendency of increased feed intake on probiotic was followed by acidifier in the diet (Table 7).
This phenomenon is consistent with the observation of Nezha et al. (2007); Panda et al. (2008) and Faria et
al. (2009), who found improvement in feed intake by feeding organic acid.

Table 7. Feed consumption of broilers fed on different dietary treatments

Age Dietary Treatment Level of
(Day) T T2 Ts Ta Ts Significance
7 140.0+£0 140.0+£0 140.0+£0 140.0+£0 140.0+£0 NS
14 455.0+2.10 455.0+2.10 466.3+2.10 459.0+2.10 456.8+2.10 NS
21 1071.3+2.42 1060.8%+2.42 1069.5+£2.42 1063.8+2.42 1058.8+2.42 NS
28 2015+3.06 2026.3+£3.06 2027+3.06 2029+3.06 2033.5%£3.06 NS
35 2652.5£3.83 2655.3+3.83 2673.8+3.83 2655.8+3.83 2662.5+3.83 NS

Where, T; = Control (Basal diet; BD), T, = BD containing antibiotic growth promoter (200g/ton), Ts = BD containing
probiotic (200g/100kg), T4 = BD containing acidifier (200g/100kg), and Ts = BD containing equal amount of probiotic
and acidifier (1:1; 200g/100kg). NS = Non-significant, P>0.05; * Significant difference, P<0.05.

Feed conversion ratio

It is revealed (Table 8) that intake of AGP, probiotic, acidifier or probiotic plus acidifier did not affect the
differences in FCR values (P>0.05) up to the 2" week of age of broilers. Intake of basal feed resulted in
highest FCR (Table 8), followed by AGP, acidifier, probiotic and probiotic plus acidifier intake at all ages of
broilers. The differences in FCR among the dietary treatment groups appeared to be significant (P<0.05)
following first two weeks of age. The significant effect of probiotic on FCR in broiler is in close agreement with
the findings by Sabatkova et al. (2008); Ashayerizadeh et al. (2009); Zhou et al. (2010) and Shim et al. (2012).
They found that supplementing basal diet with probiotic containing Bacillus subtilis and B. licheniformis
improved feed conversion efficiency in broilers. Panda et al. (2008) reported that dietary preparation of
Bacillus subtilis and B. licheniformis (at the rate of 6x108 spores/kg of diet) significantly enhanced feed
efficiency in White Leghorn Breeders. The better effect of organic acid on FCR was observed by Muzaffer et
al. (2003) and Zhang et al. (2005).

Cost-effectiveness of production

The calculated costs of total production obtained in the present study in terms of per kg broiler were very
high, high, medium and low for the basal diet, AGP, acidifier, probiotic and probiotic plus acidifier, respectively
(Table 9). The return per kg broiler was the highest for probiotic+acidifier group followed by probiotic, acidifier,
AGP and control group. It is therefore clear that inclusion of either probiotic+acidifier, probiotic or acidifier in
the basal diet was profitable over either AGP or control group. In addition, it is also obvious that combined use
of probiotic and acidifier in the basal diet resulted in more profit compared to the inclusion of either probiotic or
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acidifier alone in the basal diet. Consequently, addition of probiotic and acidifier together to the diet was the
most cost-effective, followed by their singly use in feed. The present study clearly indicates that feeding of
probiotic, acidifier and their combined use had beneficial effect on profitability of broiler. The inclusion of both
probiotic and acidifier provided with highest profit. This result is agreed with the results of Roy et al. (2013),
who reported that feeding probiotic to broilers was more profitable than AGP.

Table 8. Feed conversion ratio of broilers fed on different dietary treatments

Age Dietary Treatment Level of
(Day) T, T, Ts Ta Ts Significance
7 1.09+0.007 1.08+0.007 1.06+0.007 1.07+0.007 1.05+0.007 NS

14 1.07+0.009 1.06+0.009 1.06+0.009 1.06+0.009 1.02+0.009 NS

21 1.31+0.0172 1.28+0.017° 1.25+0.017¢ 1.26+0.017¢ 1.21+0.017¢ *

28 1.70+0.0272 1.67+0.027° 1.62+0.027¢ 1.63+0.027¢ 1.54+0.027¢ *

35 1.65+0.0352 1.62+0.035° 1.53+0.035¢ 1.55+0.035¢ 1.45+0.035° *

Where, T, = Control (Basal diet; BD), T, =BD containing antibiotic growth promoter (200g/ton), T; = BD containing probiotic
(200g/100kg), T, =BD containing acidifier (200g/100kg), and Ts = BD containing equal amount of probiotic and acidifier (1:1;
200g/100kg). NS = Non-significant, P>0.05; * Significant difference, P<0.05.

Table 9. Cost of production and profit of broilers on different dietary treatment groups

Variables Dietary Treatment
T1 T2 T3 Ta Ts

Total Feed intake (kg/broiler) 2.653 2.655 2.674 2.654 2.663
Final body weight (kg/broiler ) 1.653 1.719 1.793 1.766 1.883
Basal feed price (Tk/kg) 36.10 36.10 36.10 36.10 36.10
Feed cost (Tk./kg broiler) 36.10 36.25 36.47 36.56 36.93
Feed cost (Tk./broiler) 95.76 96.26 97.51 97.10 98.33
Other costs (TK.) 65.00 65.00 65.00 65.00 65.00
Total production cost (Tk./broiler) 160.76 161.26 162.51 162.1 163.33
Total production cost (Tk./kg broiler) 97.25 93.81 90.64 91.79 86.74
Sale price (Tk.140.00/kg broiler) 231.42 240.66 251.02 247.24 263.62
Profit (Tk./broiler) 70.66 79.4 88.51 85.14 100.29
Profit (Tk./kg broiler) 42.75 46.19 49.36 48.21 53.26
Profit (Tk./kg broiler) over the control - 3.44 6.61 5.46 10.51

Where, T, = Control (Basal diet; BD), T, = BD containing antibiotic growth promoter (200g/ton), T; = BD containing probiotic
(200g/100kg), T4 =BD containing acidifier (200g9/100kg), and Ts = BD containing equal amount of probiotic and acidifier (1:1;
200g/100kg). NS = Non-significant, P>0.05; * Significant difference, P<0.05.

CONCLUSIONS

Neither probiotic nor acidifier used in the current study had any significant effect on live weight, feed
intake and FCR of brolers up to two weeks of age. Use of probiotic and acidifier singly or combindly resulted in
increased live weight and decreased FCR after 14 days of age. However, combined use of probiotic and
acidifier was superior in terms of live weight, FCR and cost-effectiveness over their use in the diet singly. It is
therefore concluded that combining the probiotic with the acidifier exhibited an additive benefit in growth
performance of broilers and profitability of broiler production.
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