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Abstract
In this experiment the effect of dietary supplementation of clove essential oil and organic acids alone or
in combinations on immunity and gut health of broilers was investigated. A total of 420 ‘Vencobb-400’
broilers were divided into 8 dietary treatments with 3 replicates of 20 chicks each. The control group (A)
received basal diet and the dietary different treatment group B received basal diet supplemented with
clove essential oil at 200 mg/kg, whereas, groups C, D and E received basal diet supplemented with
sorbic acid, fumaric acid and propionic acid at a dose of 1%, and groups F, G and H received basal diet
with combination of clove essential oil at 200 mg/kg along with sorbic acid, fumaric acid and propionic
acid at a dose of 1%, respectively. The different dietary treatment found to significantly (P< 0.01)
influence the immune responses against ND at 6 th week of age. The total viable count was reduced
significantly (P< 0.01) in all treatment groups compared control. The E. coli count was significantly (P<
0.01) reduced in treatment group G, H and F offered blend of organic acid and clove essential oil
compared to control and other treatment groups. The study suggests that modulation of broiler gut
microbiota composition and enhance immunity through the administration of combination of essential oil
and organic acids offers an effective means for improving economics of broiler production. Furthermore,
the combination of clove essential oil with fumaric acid gave the best results in this experiment.
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Introduction
The intestinal health of broiler chickens depends on microbota balance, management, water
quality [1]. The disturbance in the gastrointestinal tract can affect digestive, absorptive,
metabolic, and immunological functions in birds which in turn lead to economic losses.
Antibiotic growth promoters have been used in poultry production to promote growth
Antibiotics used as growth promoters in poultry feeds have been banned recently due to
development of antibiotic resistant to human pathogenic bacteria [2]. In order to find substitutes
for AGP, different natural additives have been evaluated [3]. Currently, such alternatives are the
addition of organic acids and essential oil in poultry diets.
Organic acids are naturally found in the intestinal tract of animals, being originated from
microbial fermentation organic acids have shown positive results in poultry production, for
reducing the intestinal pH and bacterial growth intolerant to pH changes [4, 5]. One of the
characteristics of these acids is that they do not dissociate completely in water and are related
to the inhibition of bacterial growth [6]. The essential oil extracted from aromatic plants has
been shown antifungal, anticoccidial, antibacterial [7], and antioxidant [8] activities.
Although, there are several studies showing the effects of organic acids and essential oils on
intestinal health and growth performance of broiler chickens [1, 9]. Therefore, the objective of
the present study was to evaluate, combining the effects of organic acids and essential oils as
an alternatives option to the use of antibiotics in broiler diets, with possible complementary
effect. Therefore, the purpose of this experiment was to investigate the effects of feeding
blends of different organic acids and clove essential oil on the, immunity and the gut health of
broiler chickens and economics of production.
Materials and Methods
The experiment was conducted on four hundred eighty Vencobb-400 strain straight run
broilers for the period of six weeks to study the effect of clove essential oil and organic acids
on performance of broilers. The day-old broiler chicks, immediately after arrival, were
randomly divided into eight equal groups of 60 birds each viz., A to H having three replicates
of 20 birds each. The birds in control group (A) offered basal diet adequate in all nutrients as
per BIS (2007) [10]. The birds in dietary treatment groups B were offered diets containing clove
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essential oil at dose rate of 200mg/kg. The birds in dietary
treatment groups C, D and E were offered different organic
acids viz. 1% sorbic acid, 1% fumaric acid and 1% propionic
acid, respectively in diet of broilers. Birds in groups F, G and
H were offered diet containing clove essential oil at dose rate
of 200mg/kg in combination with different organic acids viz.
sorbic acid, fumaric acid and propionic acid at 1% level,
respectively. All the diets were isocaloric and isonitrogenous.
The birds from the experimental trials were assessed for the
antibody titer against the Newcastle Disease (ND) at 21 st and
42nd days of age. Two birds from each replicate were
randomly selected and the blood samples were collected via
wing vein. The serum was separated by centrifugation at 3000
RPM for 20 minutes and stored at -200C. The
Haemagglutination Inhibition (HI) test was performed as per
O.I.E. (1992) [11]. Two fold serial dilutions of antigen and
serum was used as antigen for HI test. The HI titer was
expressed as log2 value of the highest dilution of serum
causing complete inhibition of 8 HA unit of antigen. The
initial ND titers were also assed at 0 day of age.
The total viable count and E. coli count in all the treatment
groups was studied for gut health at 21st day age following
standard laboratory procedures. At 21 st day for determination
of total viable count and E. coli count, one bird from each
replicate was scarified. Large intestine was opened
immediately after sacrificing and weighed, 1 g of ceacal
content was collected in sterile glass vial diluted in 9 ml
Normal saline and then 2 serial dilutions were made for
inoculation. Then, 10μl content from the last test tube was
poured on the EMB agar plates and Nutrient agar plates and
kept for incubation for 24 hrs at 37 0C. After incubation, total
bacterial colonies were counted as colony forming units (CFU
/per gram) of samples [12] (DIFCO, 1977). The average
number of colonies in a particular dilution was multiplied by
the dilution factor to obtain the total viable count. The total
viable count was calculated according to ISO (1995) [13]. The
results of the total bacterial count were expressed as the
number of organism of colony forming units per gram
(CFU/gm) of cecal samples. The initial total viable count and
E. coli count at “0” day of age in experimental chicks was
determined.
The economics of broiler production was worked out by
considering the prevailing prices of inputs and sale price of
broilers in local market. The data was analyzed following the
Complete Randomized Design as described by Snedecor and
Cochran [14].
Results and Discussions
Immune Response
The immune response was judged by employing HI test to
detect the antibody titer against New Castle Disease (ND) at
3rd and 6th weeks. The results for antibody titer against New
Castle Disease (log2 values) at 3rd and 6th weeks are presented
in Table 1. The analysis of variance for the antibody titers
against ND (log2 values) revealed non-significant differences
in all treatment groups at 3rd weeks of age. The antibody titers
against ND (log2 values) were numerically higher in treatment
groups receiving supplementation of clove essential oil and
organic acids singly or in combinations compared to control,
but statistical difference was non-significant.
The different dietary treatment found to significantly (P<
0.01) influence the immune responses against ND at 6 th week
of age. The antibody titers against ND were improved in birds
fed either essential oil or organic acids independently.

Moreover, the combinations of essential oil with organic acids
have further enhanced the immune response in broilers.
Table 1: Antibody titers against ND (log2 values) at 3rd and 6th
weeks in broilers fed clove essential oil and organic acids
ND titers (log2 values) ND titers(log2 values)
3rd week
6th week
A
2.83± 0.31
3.33c±0.33
B
4.83±0.70
5.67ab± 0.33
C
4.33±0.33
4.67b±0.21
D
4.00±0.58
5.00ab±0.52
E
4.67±0.61
5.17ab± 0.31
F
4.83±0.65
5.83ab± 0.31
G
5.33±0.71
6.17a± 0.60
H
4.33±0.76
5.50ab± 0.56
CD
NS
1.600**
CV %
33.71
19.83
Means bearing different superscripts within a column differ
significantly. **P< 0.01. NS-Non-significant.
Treatment Groups

Table 2: Analysis of variance for Antibody titers against ND (log2
values) at 3rd and 6th weeks in broilers fed clove essential oil and
organic acids
3rd week
Source
df
ND titers
MSS
‘F’ value
Treatments
7 3.378
1.538NS
Error
40 2.196
**P< 0.01, NS-Non-significant.

6th week
ND titers
MSS
‘F’ value
4.667
4.444**
1.050
-

The findings are in accordance with researchers who revealed
that the essential oils promote the production of antibodies,
thus enhancing the efficacy of vaccination [15, 16, 17). Similarly,
Youdim and Deans [18], reported that the better performance
might be due to the antioxidant properties of essential oil
utilized by the cells, thus having a sparing effect on the
intracellular antioxidant systems. Acamovic and Brooker [19]
and Silveira et al. [20] reported that herbs rich in ﬂavonoids
such as thyme and carvacrol could improve the immune
functions through acting as antioxidants and extending the
activity of vitamin C. Hashemipour et al. [21] reported that
feeding birds with diets contained carvacrol plus thymol
linearly increased the primary and secondary response against
SRBC antigen and IgG. Similarly, Saleh et al. [22] revealed
that supplementing diets with thyme and ginger oils at 100
and 200 mg/kg, respectively, in chicken diet increased
antibody production. Serum immunoglobulin levels in birds
was signiﬁcantly increased [23]. Furthermore, Ozek et al. [24]
reported that essential oil enhanced ND Ab titre in laying
hens. It has been observed by several researchers that addition
of some phytogenic additives or their products such as cold
pressed oil, essential oil or extracts to animal and poultry diets
improved immune response [25, 26].
Several studies demonstrated that organic acids could
stimulate the natural immune response in poultry. Dehghani
and Jahanian [27] reported that addition of organic acid in the
broiler diet significantly increased antibody titers against New
Castle disease virus at 12th day post vaccine in chicks. This
finding is advocated by Abdel-Fattah et al. [28] and Rahmani
and Speer [29], who reported that the addition of organic acid
to broiler diets increased immunity of birds.
Khan and Nagra [30] reported that level of antibody titer
against New Castle Disease vaccination was statistically
similar in both conventional premix and organic acid group in
broilers.

~ 1418 ~

Journal of Pharmacognosy and Phytochemistry

http://www.phytojournal.com

Gut Health
The ceacal contents were examined for determination of Total
viable count and E. coli count at the 21st day of age and
presented in (Table3) and Analysis of variance of Total viable
count and E. coli count presented in (Table 4).
Table 3: Bacterial count log10 (CFU/gm) of Broiler Chicken
Intestine at 21st day fed clove essential oil and organic acids
Treatment group
TVC
A
8.30a ±0.05
B
7.77bc ±0.05
C
7.85bc±0.09
D
7.88b±0.03
E
7.82bc± 0.03
F
7.71bc±0.05
G
7.64c±0.10
H
7.67c±0.10
CD
0.286**
CV %
1.53
Means bearing different superscripts within a
significantly. **P< 0.01.

Coliform
7.09a ±0.06
6.40d±0.07
6.85b±0.06
6.62c±0.04
6.90b±0.05
6.27de±0.02
6.23e ±0.05
6.28de ±0.03
0.208 **
1.32
column differ

Table 4: Analysis of variance for Bacterial count log 10 (CFU/gm)
of Broiler Chicken Intestine at 21st day fed clove essential oil and
organic acids
Source

df

Treatments
Error

7
16

Total viable count
MSS
‘F’ value
0.132
9.161**
0.014
-

Coliform count
MSS
‘F’ value
0.333
43.956**
0.008
-

**P< 0.01.
The total viable count was reduced significantly (P< 0.01) in
all treatment groups compared control. The E. coli count was
significantly (P< 0.01) reduced in treatment group G, H and F
offered blend of organic acid and clove essential oil compared
to control and other treatment groups. Treatment group G
offered blend of clove essential oil and fumaric acid showed
numerically lower E. coli count among all treatment groups.
The structure of essential oils is one of the central factors
determining the efficacy of essential oils as antimicrobial and
antioxidant activities [31]. Clove oil contains about 831 g/kg of
eugenol [32]. The suppression of harmful microorganisms
resulted in better growth and metabolism of beneficial
microbes, which may have improved the growth performance
observed in this study.
The present findings are in the line of many investigations
where the antimicrobial properties of plant essential oils have
been confirmed [33, 34]. Many researchers reported that
essential oils derived from oregano, clove and anise have been
posse’s antimicrobial properties [35, 36]. Similarly,
Hashemipour et al. [37] studied the effect of EO (thymol and
carvacrol mixture) on ileal microbial population in broiler
chickens and observed that coli population was significantly
decreased in birds fed 100 and 200 mg/kg EO. Valero and
Salmeron [38], noted that essential oil molecules from nutmeg,
peppermint, clove, cinnamon and thyme have a positive effect
against Bacillus.
The findings are also corroborate with Hussein et al. [39]
revealed that the intestinal bacterial population, coliforms,
Escherichia coli, and Salmonella spp. in the ileal content were
lower in groups treated with cold-pressed clove oil (1.5
ml/kg) compare to control group. Nunez and Aquino [32]
reported that the main compositions of clove are eugenol (831
g/kg), β caryophyllene (68.8 g/ kg), α-humulene (24.8 g/kg),
oxicaryophylene (35.9 g/kg) and eugenyl acetate (24.1 g/kg).
Eugenol is primarily responsible for bacteriocidal/
bacteriostatic properties [40, 41].

The findings in the present study are in analogy with reports
of Arzu et al. [42] revealed that dietary organic acid blend and
oregano essential oil combination significantly decreased
ileum pH and Clostridium perfringens count in the ileum
content. As per our findings Gunal et al. [43] also revealed that
the use of organic acid mixture in broiler chicken diet
significantly decreased the total bacterial and gram negative
bacterial counts. Moharrery and Mahzonieh [44] recorded that
broiler chicken fed diet with malic acid decrease
in E.Coli population in the intestines. Some researchers
reported that the feed supplementation of some materials,
such as organic acids and essential oils have been used to
inhibit bacterial growth [45, 46] and to reduce the bacterial load
of carcasses [47]. The suppression of harmful microorganisms
resulted in better growth and metabolism of beneficial
microbes, which may have improved the growth performance
observed in this study.
Results of presents study are in agreement with results of
studies in which different essential oils or organic acids were
added to poultry diets. Aksit et al. [48] reported that
supplementation of organic acid combination (for each kg of
the diet, 200 mg lactic acid, 250 mg formic acid, and 80 mg
propionic acid) or essential oil (for each kg of the diet 15 mg
Origanum unites) could be beneficial to reduce
microbiological load thus preventing food poisoning and early
spoilage of chicken meat.
Economics of broiler production
The economics of broiler production of all the treatment
groups was worked out by considering the prices of inputs
prevalent in the market at the time of experiment. The broilers
were sold at the rate of Rs. 80/kg on live body weight basis.
Other expenses like labour, electricity and miscellaneous
expenses were also considered as uniform for all the treatment
groups. The details of the same are presented in Table 5.
From the table, it is observed that cost of production (Rs.
/bird) was 155.43, 154.34, 167.46, 163.91, 161.17, 168.79,
163.90 and 161.65 for treatment groups A, B, C, D, E, F, G
and H, respectively. Whereas, the cost of production (Rs. /kg
live weigh) in treatment groups A to H was 71.60, 70.02,
77.04, 70.52, 69.95, 76.28, 67.45 and 70.15, respectively.
By considering the selling price of broilers at Rs.80 per kg on
live body weight basis, the net profit (Rs./ bird) were 8.40,
9.98, 2.96, 9.48, 10.05, 3.72, 12.55 and 9.85 for the treatment
groups A, B, C, D, E, F, G and H, respectively.
The result on economics of broiler production revealed that
broiler offered diet with blend of clove essential oil and
fumaric acid proved to be economically most beneficial.
Among different dietary treatments, the lowest feed cost per
kg live weight gain for total period was observed in treatment
G which might be due to better FCR in this group.
Present findings corroborate with Borazjanizadeh et al. [49]
who evaluated the economic value of clove and oregano on
broiler chickens diets. Treatments were 0, 0.5 and 1% of
clove and oregano that showed significant effects on feed
intake and the cost of 1 kg feed and cost of 1 kg meat
production. Nath et al. [50] reported tulsi (Vitex negundo),
black pepper (Piper nigrum) and clove (Curcuma longa)
extract is economic and safe in broiler production. Singh et al.
[51]
found highest benefit: cost ratio in cinnamon at 0.5 groups,
and it was lowest in cinnamon at 1.0% and cinnamon at 1.5%
groups. Mustafa and Mukhtar [52] the addition of 200g/kg
Mixture of EO (Anise, Clove, Caraway; 1:1:1) recorded
economic benefits. Singh et al. [53] lowest feed cost/kg body
weight gain was observed in broilers fed diet supplemented
with calcium sorbate @ 3% with better economics.
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Table 5: Economics of broilers fed Clove essential oil and different organic acids
Sr. No.

Parameter

1
2

Chick cost (Rs.)
Feed intake (g)
a) Pre-starter
Starter
b) Finisher
Total Feed Intake (g)
Feed price per kg (Rs.)
a) Pre-starter
b) Starter
c) Finisher
Feed cost per bird (Rs.)
a) Pre-starter
b) Starter
c) Finisher
Total feed cost per bird (Rs.)
Miscellaneous cost per bird (Rs.)
Net cost of production per bird (Rs.)
Cost of production per kg live weight (Rs.)
Live body weight at the end of 6th week (g)
Returns on sale @ Rs. 80 per kg live body weight
Net profit per bird (Rs.)
Net profit per kg(Rs.)

3

4

5
6
7
8
9
10
11
12

Dietary Treatment Groups
C
D
E
F
38
38
38
38

A
38

B
38

114.10
756.43
2894.72
3765.26

112.57
754.16
2813.53
3680.25

116.48
749.59
2805.60
3671.67

114.02
793.48
2984.32
3891.82

112.93
772.55
2879.93
3765.41

28.83
29.00
28.40

29.19
29.36
28.76

32.83
33.00
32.40

30.08
30.25
29.65

3.29
21.94
82.21
107.43
10.00
155.43
71.60
2170.81
173.66
18.23
8.40

3.29
22.14
80.91
106.34
10.00
154.34
70.02
2204.15
176.33
21.99
9.98

3.82
24.74
90.90
119.46
10.00
167.46
77.04
2173.66
173.89
6.44
2.96

3.43
24.00
88.48
115.91
10.00
163.91
70.52
2324.41
185.95
22.04
9.48

Conclusions
Essential oil combined with organic acids administration in
feed displayed synergistic modulation effects on immunity
and gut health which is very important for the exploration of
new alternatives for antibiotic growth promoters in broiler
production. Thus, the present study shows that administration
of combination of clove essential oil and organic acids exerts
a positive effect on gut health and enhancement of immunity
with a concomitant enhancement in economics of broiler
production.
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