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Abstract

The present study was planned to evaluate the in vivo growth-promoting effects of clove powder and
eugenol in broiler chickens. A total of 144 broiler chicks were randomly allocated to six experimental
groups, each consisted of four replicates and each replicate consisted of six chicks. The experimental
groups were (1) Basal diet, (1) Standard antibiotic avilamycin treated group, (l11) clove powder @ 5 g/kg
in feed, (1V) clove powder @ 10 g/kg in feed, (V) eugenol @ 150 mg/kg in feed and (V1) eugenol @ 300
mg/kg in feed. The study was conducted for 42 days. Various growth performance parameters like
weekly body weight, body weight gain, feed consumption, feed conversion ratio and mortality were
observed and at the end of experiment carcass traits were also assessed. Broilers supplemented with diet
containing clove powder and eugenol showed significantly higher body weight and body weight gain as
compared to control group and which was comparable to the standard antibiotic supplemented group.
Feed conversion ratio (FCR) was significantly improved in clove powder and eugenol supplemented
group as compared to control group. Dressing and giblet percentage showed no significant alteration in
clove powder and eugenol supplemented birds as compared to control birds. Results revealed that the
supplementation of broiler diet with clove powder or eugenol at given dosage significantly improved
body weight gain and feed conversion ratio in broiler birds.
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Introduction

The poultry industry plays a vital role in global food security by providing affordable and high
quality animal protein through its meat and eggs ™. In India, poultry production has rapidly
evolved from a backyard sector to an organized commercial sector, contributing primarily to
the national economy . According to FAOSTAT 2024, egg production of poultry in India has
increased at an annual rate of 8.9%, with per capita poultry meat consumption rising from 3.23
to 7.10 kg between 2020 and 2022.

For many years, low-dose antibiotics have been used as antibiotic growth promoters (AGPS) to
improve feed efficiency, disease resistance and growth performance in poultry El. However,
their extensive and indiscriminate use has accelerated the emergence of antimicrobial
resistance (AMR), now a serious danger to public health and food safety [l. It is estimated that
by the year 2050, AMR related deaths may reach 10 million annually if preventive measures
are not taken [, Consequently, there is a shift toward identifying natural, safe and viable
alternatives to AGPs [,

Phytogenic feed additives like herbs, spices, essential oils and plant extracts, have gained
significant attention as promising alternatives to antibiotics in poultry nutrition [, These plant-
derived compounds possess antimicrobial, antioxidant and immunomodulatory properties that
can enhance feed utilization, gut health and overall performance (81,

Among various phytogenics, clove (Syzygium aromaticum), a spice from the Myrtaceae
family, is known for its bioactive components like eugenol. Eugenol constitutes up to 95% of
its essential oil 1. Clove and eugenol exhibit potent antimicrobial, antioxidant, anti-
inflammatory and digestive stimulant activities [%, Several studies suggest that eugenol
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improves digestive activity, nutrient absorption, promotes
growth and feed efficiency in broilers 11,

Therefore, the present study was designed to evaluate the
growth promoting effects of clove powder and eugenol in
broiler chickens to identify potential natural alternatives to
antibiotic growth promoters for sustainable poultry
production.

Materials and Methods

Experimental Birds, Feeding, Housing and Management
The experimental design was reviewed and approved by the
Institutional Animal Ethics Committee of the College of
Veterinary Science and Animal Husbandry, KU, Anand
(India) and was undertaken as per the guidelines of the
CCSEA, Government of India, New Delhi. The experiment
was carried out at Poultry research station of the college at
Anand. The experiment was conducted on day-old Ven-cobb
broiler chicks from a single hatch. A deep litter system was
used for the rearing of chicks with a well-ventilated brooder
house using standard management and health care practices
and monitored daily for any abnormal clinical signs and
mortality if any. According to the age of the birds, all the
birds received broiler feed according to the age of birds i.e., 1-
7 days (pre-starter), 8-21 days (starter) and 22-42 days
(finisher) during the entire experimental period. Clove powder
and eugenol at the different doses mixed with basal feed to
make different treatment feeds. Throughout the experiment,
all birds had ad libitum access to clean, fresh, cool drinking
water to keep the bird stress free. The birds were protected
against various diseases by vaccination.

Experimental Design

The experiment was conducted on 144, day-old ven-cobb
broiler chicks. The chicks were randomly allocated to six
experimental groups, each consisting of four replicates and
each replicate consisting of six chicks. The chicks of group-I
served as a control group and was given basal diet without
administration of any treatments. Chicks of group-Il were
given standard antibiotic avilamycin @ 15 ppm in feed.
Chicks of group-1l1 were given clove powder @ 5 g/kg in
feed. Chicks of group-1V were given clove powder @ 10 g/kg
in feed. Chicks of group-V and VI were given eugenol @ 150
and 300 mg/kg in feed, respectively. The study was conducted
for 42 days. The treatment details for growth promoting
effects are given in Table 1.

Growth Performance Parameters

Various parameters were taken like weekly body weight,
body weight gain, feed consumption and feed conversion ratio
(FCR). Mortality was recorded daily and expressed as a
percentage. At day 42, eight birds from each treatment were
randomly selected, fasted for 6 h (with water ad libitum)
before slaughter and slaughtered for carcass trait evaluation.
Carcass characteristics, including pre-slaughter weight,
dressed weight and weight of organs like liver, heart and
gizzard (giblet) were recorded. Dressing and Giblet
percentage were calculated.

Statistical Analysis

One-way analysis of variance (ANOVA) and completely
randomized design was used to compare the means of various
parameters by using IBM SPSS software (version 25.0).
Significant differences (p < 0.05) between different
experimental groups were analysed by Duncan’s multiple
range test. All the data were presented as Mean + S.E.
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Results and Discussion

Body Weight and Body Weight Gain

The weekly Body Weight (BW) and Body Weight Gain
(BWG) values as Mean + S.E. are given in Table 2 and 3,
respectively. During the initial weeks, body weights did not
differ significantly among birds supplemented with different
treatments and the control group (Group ). At the 4" week,
body weight of all treatment groups was non-significant as
compared to control group I. During the 5" week, birds
supplemented with clove powder at 5 g/kg (Group I11) and the
antibiotic growth promoter (Group 1) showed significantly
high body weights as compared to the control group, whereas
birds in Groups IV and VI had intermediate but non-
significant increases. At 6™ week, the birds of Groups I, 1lI,
V and VI were showed significantly higher body weights as
compared to the control group. Overall body weight gain at
the 6" week of age was significantly higher in birds
supplemented with clove powder at both 5 g/kg feed (Groups
111), eugenol at 150 and 300 mg/kg feed (Groups V and VI)
and the standard antibiotic growth promoter (Group II)
compared to the control group (Group I). Additionally, the
total body weight gain over the 6-week period in birds
supplemented with clove powder and eugenol (Groups I, V
and VI) was comparable to that of the standard antibiotic
avilamycin treated group Il. These results suggest that both
clove powder at lower dose and eugenol at both doses
effectively promote growth performance in broilers, similar to
conventional antibiotic growth promoters. Body weight and
body weight gain recorded in the of present study were in
accordance with the findings of Marcincak et al. (2011) 122
who reported improved body weight of broiler by inclusion of
clove (1%) in the feed and agrimony extracts (0.2%) into
water as compared to birds of control group 2. Similarly, Al-
Mufarrej et al. (2019) 23 reported improvement in body
weight and body weight gain in 1% and 2% clove powder
supplemented group of birds as compared to birds of control
group 131, Olayemi et al. (2020) 14l determined the final body
weight and weight gain at finisher phase was significantly
higher in birds fed with clove powder (1%) in feed as
compared to birds of control group 4. Elbaz et al. (2022) [*3]
observed that broilers fed 100 mg/kg and 200 mg/kg clove
essential oil had significantly higher weight gain (P < 0.05)
than control birds [*°],

Feed Consumption and Feed Conversion Ratio

The Mean + S.E. values of FC and FCR for all the
experimental groups are depicted in Table 4 and 5,
respectively. Birds supplemented with clove powder at 5 g/kg
feed (Group IlI), eugenol at both 150 mg/kg (Group V) and
300 mg/kg feed (Group VI) and the standard antibiotic treated
birds (Group Il) showed no significant alteration in feed
consumption as compared to the control group | at 6™ week of
age. Total feed consumption at the 6™ week period was
significantly lower in birds supplemented with clove powder
at 10 g/kg feed (Group 1V) as compared to the control group
(Group 1). These results indicate that supplementation with
higher doses of clove powder may reduce feed intake without
adversely affecting growth performance. The feed conversion
ratio (FCR) did not differ significantly among the
experimental groups up to the 4" week of age. However, at
the 5" week, FCR was significantly reduced in birds
supplemented with clove powder at both 5 and 10 g/kg feed
(Groups I and V) and eugenol at 150 mg/kg feed (Group
V), as well as in birds given the standard antibiotic growth
promoter (Group I1) as compared to the control group (Group
I). At the sixth week, FCR was significantly decreased in
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birds supplemented with clove powder (5 and 10 g/kg feed),
eugenol (150 and 300 mg/kg feed) and the standard antibiotic
treated group 1l as compared to the control group I. Moreover,
the FCR values in all supplemented groups (I11, IV, V and VI)
were comparable to that of the antibiotic treated group (II).
These findings suggest that both clove powder and eugenol
effectively improve feed efficiency in broilers, comparable to
antibiotic growth promoters. The results of present study were
in agreement with the findings of Othman et al. (2022) [6]
who reported a significant reduction in daily feed
consumption in broilers supplemented with clove bud powder
at higher inclusion levels compared with the control group 1€,
Hussein et al. (2023) 1 observed significantly lower feed
intake in broilers receiving an essential-oil mixture containing
clove (measured values were lower than control), indicating
that clove-containing blends can depress voluntary intake at
certain levels [ Parmar et al. (2024) 08 reported
significantly improved feed conversion ratio in birds
supplemented with clove oil (400 and 800 mg/kg feed) as
compared to birds of control group 18, Kholy et al. (2021)
reported the feed conversion ratio was significantly lower in
post hatch birds treated (In-ovo injection of clove extract 0.1
ml/egg) as compared to birds of control group [*°. Arif et al.
(2022) 2% who observed that significantly improved in feed
conversion ratio in birds treated with clove powder (0.5%) in
feed as compared to birds of control group I,

Carcass Characteristics and Mortality

The Mean + S.E. values of various Carcass Characteristics in
all experimental groups are given in Table 6. Pre-slaughter
weight was significantly higher in birds supplemented with
eugenol (150 mg/kg feed) as compared to the control group I.
Additionally, the pre-slaughter weight of birds receiving clove
powder and eugenol (groups III, 1V, V and VI) was
comparable to that of birds supplemented with the antibiotic
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(group 11). Dressed weight increased significantly in birds
supplemented with eugenol (150 mg/kg feed) as compared to
the control group I. The dressed weights in low and high dose
of clove and eugenol at high dose supplemented groups were
similar to those of birds supplemented with the standard
antibiotic treated group Il. Dressing percentage and giblet
percentage of birds treated with clove powder and eugenol at
low and high doses (group Ill, 1V, V and VI) exhibits no
significant alteration as compared to control group I. Heart
weight was significantly increased in birds supplemented with
eugenol at 150 mg/kg feed as compared to the control group.
However, liver weight of birds supplemented with clove
powder and eugenol at both doses did not differ significantly
among the various experimental groups. Findings of the
present study were in accordance with the results of Essien et
al. (2024) ™1 reported that clove powder at several inclusion
levels (0, 100, 200, 300 g) and found a progressive increase in
dressing percentage from ~85.29% at control to ~87.64% at
the highest clove powder level, but internal organ weights
(heart, liver, gizzard) remained relatively stable (heart%
~0.43-0.45) across treatments 2!, Marcincak et al. (2011) 122
who reported improved dressing percentage in broiler birds
supplemented with clove (1%) in the feed and agrimony
extract (0.2%) into water as compared to birds of control
group 12, Arif et al. (2022) % observed no significant
difference in liver heart and gizzard weight in birds
supplemented with clove powder (0.5%) in feed as compared
to birds of control group 2.

The livability (%) of birds in all experimental groups (Groups
I to VI) was 100%. No mortality was observed in birds
supplemented with clove powder (5 and 10 g/kg feed) and
eugenol (150 and 300 mg/kg feed), indicating that dietary
inclusion of clove powder and eugenol at the given doses had
no any adverse effects in broiler birds.

Table 1: Protocol to study growth promoting effects of clove powder and eugenol in broilers

. L . Number of birds/replications | Total number of birds/
Groups Treatment details (Oral administration) R1 R2 R3 R4 treatments

| Control group (Basal diet only) 6 6 6 6 24

Il Standard group (Basal diet + Antibiotic Growth Promoter) 6 6 6 6 24

1 Basal diet + clove powder (@ 5 g/kg feed) 6 6 6 6 24

v Basal diet + clove powder (@ 10 g/kg feed) 6 6 6 6 24

\Y Basal diet + Eugenol (@ 150 mg/kg feed) 6 6 6 6 24

VI Basal diet + Eugenol (@ 300 mg/kg feed) 6 6 6 6 24

Total number of birds = 144
Table 2: Mean + SE values of clove powder and eugenol on body weight (BW) of broilers
Weekly body weight (g)
Groups BWo BW; BW, BW; BW, BWs BW,s
Group | 41.82+0.69 | 126.09+2.69 | 301.89+7.17 | 528.75+12.42® | 889.59 +23.98 | 1305.16 + 40.46% 1931.51 + 41.08°
Group Il 43.40+0.65 | 129.73+3.02 | 290.52+8.02 | 533.56 +17.04® | 907.97 +26.25 | 1497.58 + 37.40° 2208.78 + 38.32°
Group Il 4254+055 | 131.46+3.12 | 299.88+9.19 | 525.25+17.99° | 957.08 +31.79 | 1509.42 + 37.70° 2109.92 + 42,55
Group IV 41.91+0.40 129.20 + 255 | 294.79 +6.27 |533.32+12.75%® | 895.19 + 19.88 1381.57 + 38.52° 2050.51 + 54.28%
Group V 43.89+0.65 | 131.10+3.32 | 311.79+7.31 | 573.56+13.61° | 933.91+22.58 | 1407.08 + 39.38%° | 2106.27 +53.07"
Group VI 4254+0.86 | 124.56+3.81 | 295.55+8.98 | 550.50 + 16.60® | 886.96 + 26.48 | 1372.02 + 35.01% 2100.31 + 47.66™
[Mean values within the column with different superscript (a,b,c) differ significantly (p < 0.05)]
Table 3: Mean * SE values of clove powder and eugenol on body weight gain (BWG)
Groups Weekly body weight gain (g)
BWGo-1 BWG1-2 BWG2-3 BWGs.4 BWGss BWGs.6 BWGo-s

Group | | 84.27 +2.86 | 175.80 +5.39% | 226.87 +9.50% | 360.83 + 16.91% | 415,57 +22.81% | 626.35+ 12.16® | 1889.69 + 41.092
Group Il | 86.33+2.87 | 160.80 +6.55% | 243.04 + 1060% | 374.41 +22.14% | 589.61 +17.73¢ | 711.20 + 13.16* | 2165.38 + 38.31¢
Group 111 | 88.92 +3.10 | 168.42 +6.76% | 225.38 + 11.66% | 431.83 +19.99" | 552.33 +25.77°¢ | 600.50 + 30.99% | 2067.38 + 42.46>
Group IV | 87.29 +2.46 | 165.59 +5.24% | 238.53 + 8.46% | 361.88 +9.532 | 486.38 + 23.55" | 668.94 + 50.502° | 2008.60 + 54.32%
Group V | 87.21+3.05 | 180.69 +5.34° | 261.78 + 10.86° | 360.35 + 13.75% | 473.18 + 24.27% | 699.18 + 26.58"° | 2062.38 + 52.84%
Group VI | 81.98 +3.33 | 171.04 +6.18% | 254.95+9.39% | 336.46 + 14.53% | 485.06 + 18.95° | 728.29 + 26.78° | 2057.77 + 47.55"

[Mean values within the column with different superscript (a,b,c) differ significantly (p < 0.05)]
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Table 4: Mean + SE values of clove powder and eugenol on Feed Consumption (FC) of broilers

Groups Weekly feed consumption (g)
FCi1 FC> FCs FC4 FCs FCs TFCo-s
Group | | 199.96 +2.03% | 374.58 + 8.85% | 593.13 + 6.91° 962.46 + 2.54P | 909.33 +28.46 | 1072.92+571 | 4112.38 +33.04P
Group Il | 204.00 + 2.49 | 367.88 + 8.45% | 577.80 +6.18% | 951.50 + 12.84"° | 886.42 + 45.67 | 1075.00 + 85.43 | 4062.58 + 112.47%
Group 11| 198.75 + 3.32% | 373,13+ 4.72% | 57554 + 18.97% | 935.04 + 9.20%° | 815.58 + 18.46 | 1021.67 +57.51 | 3919.71 + 68.65%
Group IV | 196.33 +1.22% | 341.67 +22.24% | 545.17 + 18.27?% | 898.25+22.602 | 801.42 +72.54 | 927.08 +98.71 | 3709.92 + 163.162
Group V | 197.29 + 2.02% | 387.63 + 450" | 584.46 +5.46% | 939.25 + 16.55% | 817.25 + 49.72 | 1015.00 + 61.59 | 3940.88 + 104.70%
Group V1| 207.88 + 1.60° | 391.92 +8.47° | 588.13 + 15.82% | 947.08 + 17.92" | 839.33 £54.07 | 973.75+59.77 | 3948.08 + 138.31%

[Mean values within the column with different superscript (a, b, c) differ significantly (p < 0.05)]

Table 5: Mean + SE values of clove powder and eugenol on Feed Conversion Ratio (FCR) of broilers

Groups Feed conversion ratio
FCRo.1 FCRo., FCRo3 FCRo4 FCRos FCRo.s

Group | 1.58 + 0.02%® 1.90 + 0.04% 2.21+£0.05 2.40 +0.08° 2.34+£0.11° 2.13 +0.05°
Group Il 1.58 + 0.06%® 1.97 +0.04® 2.16 £0.02 2.32 £0.07%® 2.00 + 0.06% 1.84 +0.05?
Group 111 1.51+0.03? 1.91 +0.07% 2.18 £ 0.07 2.18 £0.03? 1.92 +0.022 1.86 +0.022
Group IV 1.52+0.01° 1.83 +0.09° 2.03 £0.09 2.22 +0.09% 2.02 +0.09% 1.81+0.072
Group V 1.51+0.03? 1.88 + 0.03® 2.04 +0.05 2.26 +0.05% 2.09 + 0.06% 1.88 +0.06°
Group VI 1.67 +0.02° 2.03 £0.01° 2.16 +0.03 2.41 +0.06° 2.17 £0.07 1.89 +0.09?

[Mean values within the column with different superscript (a,b,c) differ significantly (p < 0.05)]

Table 6: Mean * SE values of clove powder and eugenol on Carcass Characteristics of broilers

Groups |Pre-slaughter weight (g)|Dressed weight (g)| Liver (g) | Heart(g) | Gizzard (g) |Giblet weight (g)|Dressing%| Giblet%
Group | 2079.75 £ 76.732 1324.08 + 46.602 149.90 + 1.25( 9.52 + 0.322 | 58.81 + 1.692| 118.23 +2.802 [63.69 + 0.15/8.97 + 0.18%
Group Il 2146.62 + 44.37® 1365.30 + 28.18% |52.18 + 0.92] 9.80 + 0.18% |60.36 + 0.82%°| 122.33 + 1.59% |63.60 + 0.18/8.97 + 0.10%
Group Ill]  2223.08 + 37.37® 1424.16 + 23.85% |53.01 + 0.6010.12 + 0.15%7|63.09 + 0.59>| 126.21 + 1.22° |64.07 +0.13|8.87 + 0.092
Group IV|  2067.77 + 48.68° 1326.07 + 32.04? 149.83 + 1.10{ 9.49 + 0.192 |63.95 + 0.76%| 123.27 + 1.20® [64.13 + 0.22/9.33 £0.19°
Group V 2299.73 + 86.51° 147458 +51.76" [53.03 + 1.66/10.42 + 0.36°| 65.84 + 1.16% | 129.28 +2.98" |64.24 + 0.44/8.81 + 0.172
Group VI|  2158.13 +71.93® 1379.39 + 45.22% |50.38 + 1.95| 9.89 + 0.29% |61.57 + 1.47%>¢| 121.84 + 3.50%" |63.93 + 0.11/8.85 + 0.102

[Mean values within the column with different superscript (a,b,c) differ significantly (p < 0.05)]

Conclusion

Results of present study revealed that the supplementation of
broiler diet with clove powder at 5 g/kg or eugenol at 150
mg/kg daily once for 42 days significantly improved body
weight gain and feed conversion ratio in broiler birds. No
mortality or adverse effects were recorded in any treatment
groups at given dosage, confirming the safety of these feed
additives.
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