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Abstract

An eight week feeding trial was carried out to compare the effect of antibiotic growth promoter
(streptomycin) (AGP) and formic acid (FA) on growth and nutrient digestibility in broiler. A number of
150 day old (Hubbard strain) birds were allocated in 05 dietary groups viz. control, control with 0.02%
AGP, control with 0.25% FA, control with 0.50% FA, control with 0.75% FA. Each group was replicated
thrice having 10 birds and the birds were fed diet and water ad libitum for 8 weeks. Apparent
digestibility of nutrients was determined at the end of the experiment. A significantly (p<0.05) reduced
feed intake, improved feed: gain ratio and protein utilization were obtained for starter broilers fed
0.02% AGP, 0.5% FA and 0.75% FA. During finisher phase, AGP and 0.5% FA performed better in live
weight, feed conversion ratio and protein utilization. Streptomycin and all the levels of FA resulted to
better protein and ether extract digestibility. It may be suggested to use 0.50% FA in the diet of broilers
in place of antibiotics.
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Introduction (Dibner 2004). The removal of antibiotics in
broiler diet could lead to fall in performance and
profitability (Ndelekwute et al. 2012). To reduce
the effect of this removal, the use of certain

Certain strategies have been adopted by
nutritionists to improve the performance of

broiler chickens. Such includes addition of feed . . . - L
substances including organic acids, probiotics and

prebiotics have been tested (Waldroup et al.
2005; Windisch et al. 2007; Wolfenden et al.
2007).

additives to broiler feeds such as antibiotics
which act as growth promoters (Maynard et al.
1981). Antibiotics as feed additives are
substances that are added to animal feeds to
improve growth and other productivity
parameters, treat clinically sick animals and
preventing or reducing the effect of pathogens
(Aalback et al. 2000). Antibiotics have been used
in animal feed for about 50 years ever since the
discovery, not only as an anti-microbial agent but
also as a growth promoting agent (Aalback et al.
2000). Recent concern on the use of antibiotics
has been the issue of antibiotic residue always

Organic acids are carboxylic acids which are weak
in nature and do not completely dissociate in
water (Dibner 2004). They were reported to
induce endogenous secretions improved and
exert antibacterial effect both in feed and in the
gut (Paul et al. 2007), cumulating to better
performance of animals (Dibner 2004). Formic
acid is one of the organic acids with the structural

formula HCOOH and naturally found in ants
associated with meat produced with antibiotics (Ndelekwute et al. 2010). It is one of the

(Ndelekwute et al. 2012). Accumulation of
antibiotics in meat has been reported to cause processes in the body of animals (Maynard et al.
antibiotic resistance both in farm animals and 1981; Rodwell 2006). Its positive effect on
humans who consume the meat (Ndelekwute et nutrient digestibility and antibacterial action in
al. 2013). This has lead to total or partial ban in the digestive tract has been reported
some countries such as the United States of (Ndelekwute et al. 2012).

America and countries of the European Union

products of biochemical and fermentation
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The objective of this research was to compare the
effect of an AGP (streptomycin) and FA (formic
acid) on performance and nutrient utilization of
broiler.

Materials and Methods

The design was completely randomized design
(CRD). There were five dietary groups viz. 1: the
control diet containing neither streptomycin nor
FA, 2: containing 0.02% streptomycin, 3:
containing 0.25% FA, 4: containing 0.5% FA and
5: containing 0.75% FA. Each treatment had 30
birds of Hubbard strain with 10 birds per replicate
giving a total of 150 birds.

The feeding trial was conducted in an open sided
poultry house. The birds were brooded for three
weeks using kerosene stove as heat source.
Adequate vaccination against Gumboro and
Newcastle diseases was carried out. Prophylactic
treatments were given to control coccidiosis,
Chronic respiratory disease and bacteria diseases.
Administration of vitamins and minerals through
the drinking water at the first week and at
intervals was done. The birds were feed and
water given ad libitum. The feed contained
conventional feedstuffs and other ingredients
(Table 1 and 2). The diets were formulated using
trial and error method (Olomu 1995).

Data on live weight and feed intake were
collected and used to calculate the feed: gain
ratio, protein intake and protein efficiency ratio.
Apparent nutrient digestibility was carried out
using total collection method (Ndelekwute et al.
2011). At the end of the feeding trial, one bird
from each of the replicates of a treatment was
individually housed in a metabolic cage. They
were fed their respective experimental diet. They
were allowed to acclimatize for four days. Each
daily fecal output during the acclimatization
period was discarded. At the end of the
acclimatization period, known quantity of their
feed was fed daily and daily intake noted. Daily
collection of feces was by placing a tray under the
cage. Each daily fecal sample was weighed after
which they were dried in an oven at 60°° till
constant weight was reached. Proximate analysis
was carried out according to AOAC (1990).
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Table 1. Ingredient and composition of starter
diets

Ingredients (%) control AGP  0.25% 0.50% 0.75%
FA FA FA

Maize 5300 53.00 53.00 53.00 53.00
Soybean meal 30.00 30.00 30.00 30.00 30.00
Fish meal 3.00 3.00 3.00 3.00 3.00
Palm kernel cake 6.20 6.20 6.20 6.20 6.20
Wheat offal 4.00 3.98 3.75 3.50 3.25
Bone meal 3.00 3.00 3.00 3.00 3.00
Streptomycin 0.02 -

FA - - 0.25 0.50 0.75
Salt 0.25 0.25 0.25 0.25 0.25
Lysine 0.20 0.20 0.20 0.20 0.20
Methionine 0.10 0.10 0.10 0.10 0.10
Premix* 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100

Nutrient Composition (%)

Crude Protein 2235 2235 2230 2228 2222

Crude Fibre 4.13 4.13 4.10 4.09 4.06
Ether Extract 4.10 4.10 4.10 4.10 4.10
Total Ash 8.00 8.00 8.00 8.00 8.00
Calcium** 1.08 1.08 1.08 1.08 1.08
Phosphorus** 1.01 1.01 1.01 1.01 1.01
Lysine** 1.10 1.10 1.10 1.10 1.10
Methionine** 0.50 0.50 0.50 0.50 0.50

Energy (KcalME/ 2875 2875 2871 2867 2862
kg diet)**

AGP, antibiotic growth promoter (streptomycin); FA, formic acid; *,
premix supplied per kg diet: vitamin A 15,000 1U, vitamin D3 13000
IU, thiamin 2mg, riboflavin 6mg, pyridoxine 4mg, niancin 40mg,
cobalamine 0.05g, biotin 0.08mg, chooline chloride 0.05g,
manganese 0.096g, zinc 0.06g, iron 0.024g, copper 0.006g, iodine
0.014g, selenium 0.24mg, cobalt 0.024mg and antioxidant 0.125g;
*calculated

The Proximate result was used to calculate the
moisture content of the fecal samples and
nutrient digestibility as thus:

Moisture content of feces = Wet weight - Dry weight x 100
Wet weight

Digestibility = Nutrient in feed — Nutrient in feces x 100
Nutrient in feed

Data collected were subjected to analysis of
variance according to Steel and Torrie (1980).
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Table 2. Ingredient and composition of finisher
Diets

Ingredients (%) control  AGP 0.25% 0.50% 0.75%
FA FA FA

streptomycin, 0.50% and 0.75% FA showed a
significant (p<0.05) improvement in feed: gain
ratio as against the chicks fed control diet and
0.25% FA. Addition of 0.02% streptomycin,
0.50% and 0.75% FA culminated to reduction in
protein intake.

Table 3. Effects of diets on growth performance
of starter broiler chicks

Control AGP 0.25% 0.50% 0.75%
FA FA FA

Ingredients (%)

Maize 5400 5440 54,00 54.00 54.00
Soybean meal 27.00 2700 27.00 27.00 27.00
Palm kernel cake ~ 9.30 9.30 9.30 9.30 9.30
Wheat offal 6.00 5.98 5.75 5.50 5.25
Bone meal 3.00 3.00 3.00 3.00 3.00
Streptomycin - 0.02

FA - - 0.25 0.50 0.75
Salt 0.25 0.25 0.25 0.25 0.25
Lysine 0.10 0.10 0.10 0.10 0.10
Methionine 0.10 0.10 0.10 0.10 0.10
Premix* 0.25 0.25 0.25 0.25 0.25
Total 100 100 100 100 100
Nutrient Composition (%)

Crude Protein 2045 2045 2041 20,36 20.32
Crude Fibre 453 4.53 4.49 4.44 4.00
Ether Extract 4.10 4.10 4.10 4.10 4.10
Total Ash 8.00 8.00 8.00 8.00 8.00
Calcium** 1.08 1.08 1.08 1.08 1.08
Phosphorus** 1.01 1.01 1.01 1.01 1.01
Lysine** 1.10 1.10 1.10 1.10 1.10
Methionine** 0.50 0.50 0.50 0.50 0.50

Energy (KcalME/ 2901 2901 2897 2893 2888
kg diet)**

Initial body weight () 36.67 36.67 36.67 36.61 36.81
Final body weight (g) ~ 524.67 531.67 531.67 507.67 470.33

Daily gain (g) 1743 1768 1768 1611 1548
Daily feed intake (g) 39.302 30.83» 39.39a 31.37> 31.11b
Feed: gain ratio 2252 1.74c 223 1950 201b

Daily protein intake () ~ 8.80a  6.910 8.782 6.93> 6.91P
Protein efficiency ratio 1,98 2552 201c 2320 224b

AGP, antibiotic growth promoter (streptomycin); FA, formic acid; *,
premix supplied per kg diet: vitamin A 15,000 IU, vitamin D3z 13000
IU, thiamin 2mg, riboflavin 6mg, pyridoxine 4mg, niancin 40mg,
cobalamine 0.05g, biotin 0.08mg, chooline chloride 0.05g,
manganese 0.096g, zinc 0.06g, iron 0.024g, copper 0.006g, iodine
0.014g, selenium 0.24mg, cobalt 0.024mg and antioxidant 0.125g;
** calculated

Results

Effect of dietary streptomycin and FA on
performance of starter broiler chicks is shown on
Table 3. It was observed that there were no
significant differences (p>0.05) in final live
weight and daily weight gain, though marginal
differences occur. It could be noted also that as
the level of formic acid was increased the final
live weight was marginally reduced. Addition of
0.02% streptomycin, 0.50% and 0.75% FA
significantly (p<0.05) reduced both total and
daily feed intake which assumed similar trend.
There was no significant difference (p>0.05)
between the feed intake of 0.25% FA and the
control. Chicks fed diets supplemented with

AGP, antibiotic growth promoter (streptomycin), FA, formic acid;
means with different superscripts in the same row differed
significantly (p<0.05)

The effect of streptomycin and FA on growth
performance of finisher broiler chickens has
in Table 4. Final live weight was
significantly influenced by treatment (p<0.05).
Inclusion of 0.02% streptomycin and 0.5% FA
improved final live weight over the control and
the other levels of FA. Better daily gain was also
expressed by streptomycin and 0.5% FA
compared to control. Total feed intake, daily feed
intake and protein intake took similar trend in
which  streptomycin  significantly  (p<0.05)
increased feed and protein intakes.

shown

Table 4. Effect of diets on growth performance of
broiler finisher

Ingredients control  AGP 0.25% 050% 0.75%
(%) FA FA FA

Initial body weight (9) 524.67 531.67 531.67 507.67 470.33
Final body weight (g) 1800.00¢ 2040.00= 1810.00c 1900.00> 1770.0¢
Daily weight gain (g)  45.55¢  53.87a  45.66c  50.443b  46.42bc
Daily feed intake 128.96 144.642 129.06° 127.93> 126.24°
Feed : gain ratio 2.83 2.68¢ 2.83 2.54d 2.73

Daily protein intake (g) 26.65 29.652  26.673> 26.450  25.96b
Protein efficiency ratio 1.71¢ 1.820 1.71¢ 1.91a 1.79¢

P

AGP, antibiotic growth promoter (streptomycin); FA, formic acid;
Means with different superscript in the same row differed significantly
(p<0.05)
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Better feed: gain ratio was significantly (p<<0.05)
recorded by 0.5% formic FA followed by
streptomycin. There was no significant difference
(p>0.05) between the feed: gain ratio of the
control, 0.25% and 0.75% FA. Protein efficiency
ratio was highest in 0.5% FA followed by
streptomycin. The protein efficiency ratio of
0.25%, 0.75% and
significantly (p>0.05)

control did not differ

Addition of either streptomycin or FA to the diets
did not significantly (p>0.05) influence dry
matter, crude fibre and ash digestibility (Table 5).
However, both the antibiotic and organic acid at
all levels (p<0.05) gave better protein and ether
extract digestibility compared to the control.

Table 5. Effect of Streptomycin and FA on
Apparent Nutrient Finisher Broilers

Ingredients (%)  control  AGP 0.25% 0.50% 0.75%
FA FA FA

Dry matter 68.44 70.01 69.00 69.67 70.78
Protein 65.000 75342 74.07a  76.002  77.072
Ether extract 66.520  78.11a 75702  76.092  80.432
Crude fibre 3577 3699 3504 36.88  37.03
Ash 58.88 5890 59.03 60.10  60.55

AGP, antibiotic growth promoter (streptomycin); FA, formic acid;
Means with different superscript in the same row differed significantly
(p<0.05)

Discussion

The nutrient composition of the experimental
starter diets (Tables 1) conformed to the
requirements of tropical
environment (NRC 1994; Oluyemi and Roberts
2000). Marginal reduction of live weight as the
level of FA was increased at starter phase is an
indication that at certain higher level FA could
induce poor growth. This result was in harmony
with Owens et al. (2008) who reported no
significant difference in the live weight of broiler
chickens fed antibiotics and organic acid
supplemented diets. However, this was in
variance with the result of Ndelekwute et al.
(2010) who observed higher live weight of starter
chicks fed 0.25% FA compared to the control.
The reduction in the feed intake at higher level of
FA could be due to the strong taste associated
with organic acids which would have induced
repulsive effect to reduce the palatability of the

broilers raised in
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feed, thereby reducing feed intake. On the part of
streptomycin report showed that antibiotics
tended to reduce the size of the intestine
(Maynard et al. 1981). This could have led to low
capacity of the intestine to hold enough feed
resulting to low feed intake especially at young
age. Similar result was reported by Leeson et al.
(2005) who observed reduction in the feed
consumption in groups fed 0.02% antibiotics and
those fed 0.50% FA compared to the group fed
control diet. Taylor (2001) also reported that one
of the characteristics of antibiotics in feed was
reduction in feed consumption. Reduction in feed
intake would have contributed to the marginally
lower live weight of chicks fed 0.5 and 0.75% FA.
Obioha (1992) reported that body weight was
related to feed intake. The improvement in feed:
gain ratio resulting from feeding of FA and
streptomycin could possibly be due to some
explanations offered elsewhere. Leeson et al.
(2005) associated this to better utilization of
nutrients resulting from modulating effect of
antibiotics and organic acids due to their
antibacterial effect and inducement of secretion
of mucus. Organic acids are important in young
monogastric animals for protein digestion which
could improve feed utilization (Chowdhury et al.
2008). This result is in consonant with the reports
of Vogt et al. (1981) who reported that organic
acids improved the feed: gain ratio in broiler
chickens. Leeson et al. (2005) had also reported
better feed: gain ratio of birds fed dietary organic
acids. Low protein intake was as a result of low
feed intake as all diets were iso-proteineous.
Though this reduction existed, they showed
significantly (p<<0.05) better utilization of protein.

The nutrient composition of the experimental
finisher diets (Tables 2) conformed to the
requirements of tropical
environment (NRC 1994; Oluyemi and Roberts
2000). The result at the finisher phase could be
indicative of better utilization of nutrients
resulting from inclusion of streptomycin or FA to
the diets, which better
performance. This agreed with Taylor (2001) and
Abdel Fattah et al. (2008) that antibiotics and
organic acids were respectively added to broiler
improved productivity. Birds that
consumed diet containing 0.75% FA which
recorded the lowest final live weight was an

broilers raised in

culminated to

diets for
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indication that at higher level FA could induce
negative impact on growth of broilers. This
indication was expressed at the starter phase
when 0.75% FA reduced live weight marginally.

The non significant difference of the live weight at
starter phase which later became significant at
the finisher phase signified cross-over effect. This
shows that for growth promoting effect of FA to
be realized, broilers need to be exposed to it for a
long period. Significant gain in weight recorded
by streptomycin and FA was possible because
according to Thomke and Elwinger (2004)
antibiotics increased growth performance due to
their role in combating pathogenic bacteria which
retard growth, and that could have been
responsible in this case. Also diets containing
organic acids have been reported to give better
weight gain than organic acid-free-diets, because
of their ability to control pathogens and induce
endogenous secretions (Dibner 2004). Improved
feed intake at the finisher phase by streptomycin
judging from the result of the starter phase,
could be due to adaptive effect. Second, the feed
intake of streptomycin group could have been
influenced by the live weight. It could also mean
that streptomycin modulated the gastro intestinal
tract making it healthier and conditioning it to
process feed better, resulting to increase in feed
intake and body weight. Maynard et al. (1981)
noted that antibiotic growth promoters could
increase feed intake. Non significant effect in feed
intake of control and all the levels of FA shows
improvement on the side of FA as compared to
the starter phase. This suggests also adaptive
posture by birds that consumed FA diets. The
results of feed: gain ratio and protein efficiency
ratio had similar trend to the result of final live
weight. Thomke and Elwinger (2004) and Abdel
Fattah et al. (2008) respectively reported that
streptomycin and organic acids could improve
both live weight and feed: gain ratio. Ndelekwute
et al. (2014b) have also reported the economic
importance of formic acid in broiler diet. In a
different report, Ndelekwute et al. (2014a) noted
that 0.25% of acetic acid could not improve
growth performance and suggested increasing
the dietary level above 0.25% which this result
has achieved.

Better protein and ether extract digestibility
means that more energy and amino acids were

available to the birds that consumed
streptomycin or FA. The performance of birds fed
streptomycin and FA at 0.50% level could be
linked to this result. This result is in consonant
with the report of Ndelekwute et al. (2011) who
observed better nutrient digestibility using 0.25%
of acetic, butyric, formic or citric acid, and
Maynard et al. (1981) who
importance of antibiotic in nutrient utilization by
monogastric animals.

stressed the

Conclusion

Though, inclusion of FA did not bring about better
performance compared to streptomycin, 0.5% FA
performed better than the control and as such FA
could be used to replace streptomycin and other
antibiotics used as feed additives which have
been banned or regulated in farm animal feeds.
This is necessary because for now no negative
effect of organic acids on man or farm animals
has been reported (organic acids are part of
metabolic processes of the body). It is therefore
recommended that 0.5% level of FA could be
used in the to replace of antibiotics in diets for
broiler chickens.
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