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The role of Clove (Cv) and Tulsi (Ts) supplementation on broiler growth performance and gut health as an
alternative to antibiotic growth promoters has already been established. Therefore, the objectives of this
study were to investigate the role of Cv and Ts on the serum biochemical profile and meat quality traits in
broilers. A total of sixty (60) one-day-old commercial broiler chicks were randomly allotted into four
homogenous groups (15 birds per group). They were then fed Cv powder and Ts extract from day (d) 8
to d 28 with drinking water i.e. zero level of Cv or Ts (T0), 0.5% Cv + 2% Ts (T1), 1.0% Cv + 3% Ts (T2),
1.5% Cv + 4% Ts (T3). Blood and meat samples were collected on d 14, 21, and 28 to analyze the
serum-biochemical profile and meat quality. Supplementation of Cv and Ts improved serum-
biochemical profile by reducing total cholesterol and low-density lipoprotein levels in broilers.
However, they did not affect the serum protein levels while the 0.5–1% Cv and 2–3% Ts supplemented
groups had higher glucose levels on d 21. Production of breast and thigh meat increased with increased
size, and density of myofibers while fed 0.5–1% Cv and 2–3% Ts. On the contrary, 1.5% Cv powder and 4%
Ts extract supplementation improved thigh meat color, breast and thigh meat pH as well as the water-
holding capacity. The current study findings suggest that Cv and Ts can be used in combination to
improve broiler health, production, and meat quality.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Global meat consumption is expected to grow by about 14% by
2030, having a 17.8% growth in poultry meat consumption, in com-
parison to the base period (2018-’20) which will be mostly driven
by the increased income and population (OECD-FAO, 2021). How-
ever, there have been rising concerns regarding the emergence of
antibiotic-resistant pathogens (Agyare et al., 2018). Even though,
the use of growth promoters (GPs) has ensured production but also
sacrificed the quality of production creating ubiquitous public
health risks. Therefore, an organic production system needs to be
established in no time to achieve sustainability in the growth of
this sector.

Production scientists are evaluating different medicinal plants
and their active components as feasible alternatives to antibiotics
to ensure health and production for many years (Chowdhury
et al., 2018; Arif et al., 2022). The beneficial impacts of these plants
or plant products are mostly brought about by their antioxidant,
antimicrobial, appetite-stimulating, and immune-boosting capaci-
ties (Eevuri and Putturu, 2013). Clove (Cv) bud is a phytochemical-
rich spice that contains different bioactive components like hidrox-
ibenzoic acids, quercetin, kaempferol, hydroxiphenyl propens,
hydroxicinamic acids, ferulic, caeic, ellagic, salicylic acids, eugenol,
eugenol acetate and b-cariofileno which have potent antioxidant,
antimicrobial, anticancer, and antidiabetic properties (Batiha
et al., 2020). Tulsi (Ts) is another aromatic plant that is rich in
bioactive ingredients eugenol, oleanolic acid, b-elemene, ursolic
acid, rosmarinic acid, carvacrol, b-caryophyllene, linalool, and ger-
macrene D (Eevuri and Putturu, 2013). These active components
exert antimicrobial, antioxidant, immunomodulatory, digestive
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stimulating, hepatoprotective, cardioprotective effects, and so on
(Eevuri and Putturu, 2013, Diaz-Sanchez et al., 2015).

Both Cv and Ts reportedly promote the gut health and growth
rate of broilers (Chowdhury et al., 2018; Naeem et al., 2021;
Islam et al., 2023). So, they may be used as effective low-cost alter-
natives to synthetic GPs like antibiotics or steroids in producing
safe organic broiler meat. However, meat production is not the
only challenge to overcome by poultry farmers or the poultry
industries. There are negative perceptions about broiler meat
among consumers as it is usually pale, soft, and exudative in nature
(Mir et al., 2017). The slow-growing indigenous breeds of chicken
produce higher quality meat compared to the fast-growing broilers
(Li et al., 2019). According to the earlier report, rapid growth and
weight gain in broilers compromise their meat quality (Petracci
et al., 2015). Color, pH, water-holding capacity (WHC), drip loss
(DL), cook loss (CL), tenderness, juiciness, and characteristics of
myofibers are the major physicochemical and histological indica-
tors that are routinely used to evaluate the quality of meat (Mir
et al., 2017). The pH is linked to meat quality properties i.e. color,
WHC, juiciness, shelf-life, and processing ability of the meat (Mir
et al., 2017; Islam et al., 2022a). High-quality meat is attributed
to optimum pH and WHC, increased juiciness, and tenderness
(Mir et al., 2017, Suliman et al., 2020; Islam et al., 2022a). The his-
tomorphometric properties of myofibers like size or diameter and
density of myofibers also affect meat production and quality attri-
butes like shear value, tenderness, etc. (Ismail and Joo, 2017).

There are abundant resources on the use of Cv and Ts in terms
of growth performance and gut health in broilers. However, data
on serum biochemical profile and meat quality indices in broilers
fed Cv and Ts are very limited. It is also noteworthy that there is
no previous study depicting the combined roles of Cv and Ts on
the aforementioned aspects in broilers. Supplementation of phyto-
biotic extracts in varying dosages (lower to higher) is easier while
supplied with drinking water and it is also easier to prepare a
homogenous mixture with water (Grashorn, 2010). Moreover, sup-
plementation of aqueous extract eliminates the risks of lower feed
intake and feed wastage. The treatment levels were set based on
the earlier study reports. The previous study reports showed that
supplementation of 2–5% tulsi in broilers improves their growth
performances (Hasan et al., 2016). In another study, Mufarrej
et al. (2019) fed 1–6% clove to the broilers and found that feeding
clove at a concentration of 2% or more negatively affects the
growth performance of broilers. It is mentionable that similar com-
binations of clove and tulsi were used to investigate their effects on
broiler growth performance and gut health (Islam et al., 2023).
Therefore, the present study was carried on to picture the roles
of the combined inclusion of different levels (0.5%, 1%, and 1.5%
Cv and 2%, 3%, and 4% Ts) of Cv and Ts on the dynamics of serum
biochemical profile and meat quality in broilers.
2. Materials and methods

2.1. Ethic al statement

The ‘‘Animal welfare and Experimentation Ethics Committee” of
Bangladesh Agricultural University (BAU) approved the experi-
mental design followed for the present study. The ethical approval
identification is - AWEEC/BAU/2021(5).
2.2. Broiler housing and management

Sixty (60) unsexed one-day-old Cobb-500 broiler chicks were
collected from the Nourish Poultry & Hatchery Ltd., Bangladesh
for conducting the present study. Following an acclimatization per-
iod of seven days, they were randomly parted into four groups (15
2

birds in each group) and housed in separate cages (Size: 20 square
feet). The broilers were reared under standard conditions (75-95�F
brooding temperature,70�F rearing temperature, and 50–60% rela-
tive humidity) (Islam et al., 2021). Standard biosecurity protocols
were followed throughout the trial period. Vaccination of broilers
was done against the Newcastle Disease (BCRDV vaccine, Bangla-
desh Livestock Research Institute (BLRI), Bangladesh) at five days
of age and Infectious Bursal Disease (GumboMed Plus Vet, Incepta
Vaccine Ltd., Bangladesh) at 11 days of age.
2.3. Clove and Tulsi supplement preparation

Very fine Cv (Syzygium aromaticum) powder was prepared from
the sun-dried Cv buds and stored in airtight containers to prepare
an aqueous extract. Ts (Ocimum sanctum) extract (aqueous) was
prepared on a daily basis from fresh leaves by blending (Model:
VIS-SBL-005, VISION Blender, Bangladesh) them in adequate
amount of water (2% Ts extract- 20 g fresh leaves/liter drinking
water, 3% Ts extract � 30 g fresh leaves/liter drinking water, and
4% Ts extract � 40 g fresh leaves/liter drinking water) (Islam
et al., 2023).
2.4. Feeding management

The broilers were offered a balanced diet (Nourish Feeds Lim-
ited, Bangladesh) and fresh drinking water (Islam et al., 2022b;
Supplementary table 1). From day (d) 8, the prepared Cv and Ts
supplements were supplied with drinking water in three different
concentrations.

Treatment (T) T0: Control group, received no additional supple-
ment; T1: 0.5% Cv and 2% Ts; T2: 1% Cv and 3% Ts; T3: 1.5% Cv and
4% Ts (Islam et al., 2023). The broilers received the Cv and Ts sup-
plement up to 28 days of age.
2.5. Blood samples collection

Blood (5 ml) was collected from five broilers in each group from
the wing vein on d 14, d 21, and d 28 of the experiment. After col-
lecting the blood samples, they were transferred into sterile tubes
and left undisturbed in a slanting position (at 4 �C temperature,
overnight) for proper clotting. The serum samples were then col-
lected and centrifuged at 1000 rpm for 15 min. The supernatant
serum samples were collected, transferred into screw-capped vials,
and preserved at �20 �C until further use. Following serum prepa-
ration, the glucose (GLU) profile, lipid profile, and protein profile of
the serum were analyzed. Serum GLU was measured following the
method followed by Sultana et al. (2022). The lipid profile, i.e. total
cholesterol (TCHOL), triglyceride (TG), high-density lipoprotein
(HDL), and low-density lipoprotein (LDL), was determined by using
the protocols followed by Sultana et al. (2021) and Islam et al.
(2022c). The serum protein profile, i.e. total protein (TP), albumin
(ALB), globulin (GLB), and albumin-globulin ratio (ALB:GLB), was
measured following the methods specified by Grimsley and Pace,
(2003). The biochemical analyses were performed by spectropho-
tometric technique using a Hyman type Humalyzer 2000 analyzer
(Wiesbaden, Germany).
2.6. Collection of meat samples

Five broilers having homogenous weights were sacrificed on d
28 and immediately dissected to collect the meat (thigh and breast
meat). The meat weights were then measured after trimming off
the adipose tissues (Font-i-Furnols et al., 2015; Islam et al., 2022b).
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2.7. Meat physicochemical properties analysis

As part of the meat physicochemical properties analysis, meat
color [the color coordinates are lightness (L*), redness (a*), yellow-
ness (b*), hue angle (HA), and saturation index (SI)], initial pH (pHi)
at 1 h postmortem (PM), ultimate pH (pHu) at 24 h PM, drip loss,%
(DL), cook loss, % (CL), and water holding capacity, % (WHC) were
measured.

2.7.1. Meat color measurement
The meat samples were preserved (4 �C) for 24 h before the

measurement of meat color. The instrumental meat color coordi-
nates were determined by Chroma Meter (CR-400, Minolta Corpo-
ration, Japan). At first, the Chroma Meter was calibrated using a
white tile. The standard values of the color coordinates were
55.31, 3.42, and 7.69 for the L*, a*, and b*, respectively. Chroma
Meter reading for the color coordinates was taken from the exter-
nal surfaces of the meat samples at 24 h PM (Font-i-Furnols et al.,
2015; Islam et al., 2022b). The HA and SI were then calculated
using the following formulas-

HA ¼ tan�1 b�
a�

SI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a�2 � b�2

q

2.7.2. Measurement of meat pH
The pH values of the meat were determined (from three differ-

ent spots for each meat sample) by pH meter (PH-25, Wincom,
China) at 1 h (pHi) and 24 h (pHu) PM. The pH meter was cali-
brated using a buffered solution (pH: 7.0). The pH meter was recal-
ibrated before taking each reading (Font-i-Furnols et al., 2015;
Islam et al., 2022a).

2.7.3. Meat drip loss measurement
To measure the DL (%) of the meat samples, they were deboned

and stored in separate zipper bags for 24 h at 4 �C after recording
the initial weight of each sample. The weights of the meat samples
were again measured at 24 h PM and the % of DL was calculated
(Kerth, 2013; Font-i-Furnols et al., 2015).

DL ð%Þ ¼ Initialweight � Weight at 24hPM
Initalweight

� 100
2.7.4. Meat cook loss measurement
For the measurement of CL (%), deboned breast and thigh meat

samples (size: 4 cm � 3 cm � 1 cm) were excised at 24 h PM and
weighed. Then the samples were placed on aluminum foil paper
and cooked at 163 �C in a convection oven (FH20-1, Prestige, India)
until the internal temperature reached 80 �C. After cooling at room
temperature, the cooked meat samples were reweighed (Kerth,
2013; Font-i-Furnols et al., 2015). The CL (%) was calculated using
the formula-

CL ð%Þ ¼ Initialweight � Finalweight
Initialweight

� 100
2.7.5. Meat water holding capacity measurement
For the measurement of WHC (%) of the meat samples, 1 g (ini-

tial weight) of each meat sample was chopped properly with a
chopper and loaded into a PCR tube. The PCR tubes were then set
inside a high-performance centrifuge machine (ScanSpeed 1730R
MicroCentrifuge, LaboGene, UK) and centrifuged at 10,000 RCF
for 10 min (4 �C). After removing the supernatant fluid, the meat
samples were reweighed (final weight) (Kerth, 2013; Font-i-
3

Furnols et al., 2015). The WHC (%) was calculated using the follow-
ing formula-

WHC ð%Þ ¼ Initialweight� Finalweight
Initialweight

� 100
2.8. Muscle biology analysis

For the study of muscle biology, muscle samples were pro-
cessed to prepare paraffin sections (5 lm)and stained with the
Harris Hematoxylin and Eosin stain. Photomicrographs of the his-
toarchitecture of breast and thigh muscles were captured (400X
actual magnification) using a photomicroscope (CX41U-LH50HG,
Olympus Corp., Japan). The myofiber count (MFC) per microscopic
field and the cross-sectional area (CSA, square micrometer) of the
myofibers were analyzed using the ‘‘ImageJ freehand tool”.

2.9. Statistical analysis

All the data generated in the present study were analyzed (IBM
SPSS Statistics, version 22) by using the one-way ANOVA approach
and a totally randomized design. The unit of analysis for the pre-
sent study was the individual bird (there was no pen replication).
The normality of the data sets was checked by the Shapiro-Wilk
test before ANOVA analysis. Duncan’s Multiple Range Test (DMRT)
was used to compare the mean values. When P < 0.05, differences
were considered statistically significant.

3. Results

3.1. Serum-biochemical profile

3.1.1. Serum glucose profile
No noticeable variation (P < 0.05) in serum GLU levels was

observed among the groups on d 14 and d 28. Interestingly, GLU
level was substantially (P < 0.05) higher in the T2 group compared
to the T0 and T3 on d 21. On the contrary, GLU level markedly
dropped (P < 0.05) in the T3 group in comparison to the T1 and
T2 on d 21 (data are given in Supplementary table 2).

3.1.2. Serum lipid profile
The role of Cv and Ts inclusion on the dynamics of the serum

lipid profile are summarized in Table 1. On d 14, there was no men-
tionable difference (P > 0.05) in serum TCHOL and LDL levels
among the experimental groups. However, serum TG levels sub-
stantially increased (P < 0.05) in the T2 and T3 groups. Likewise,
serum HDL level was also markedly higher (P < 0.05) in the T3
group while no noticeable difference was observed among T0, T1,
and T3 groups.

On d 21, serum TCHOL levels substantially decreased (P < 0.05)
in the T3 group. On the contrary, the T3 group had the highest level
of TG that was followed by T2, T1, and T0. Though there was no
mentionable difference (P > 0.05) in serum HDL levels, serum
LDL levels considerably (P < 0.05) decreased in the T2 and T3
groups.

On d 28, serum TCHOL levels substantially decreased (P < 0.05)
in the Cv and Ts supplemented groups while the levels of TG mark-
edly rose (P < 0.05). HDL levels substantially dropped(P < 0.05) in
the T2 group while LDL levels also substantially dropped
(P < 0.05) in both T2 and T3 groups.

3.1.3. Serum protein profile
There was no mentionable difference (P > 0.05) in serum pro-

tein levels among the groups on different days of the experiment.
However, the serum TP, ALB, and GLB levels tended to be higher



Table 1
Effects of Clove powder and Tulsi extract supplementation on the dynamics of serum lipid profile in broilers.

Parameter (mg/dl) Treatments1 SEM P-value

T0 T1 T2 T3

d 14
TCHOL 130.79 112.25 131.50 125.70 13.29 0.463
TG 103.74c 99.66c 128.65b 149.84a 8.56 0.001
HDL 35.31b 37.68ab 34.67b 41.58a 1.93 0.011
LDL 74.73 73.88 51.84 53.93 14.04 0.235
d 21
TCHOL 183.67a 175.44a 150.42ab 111.35b 18.90 0.007
TG 79.54c 91.48b 98.29b 117.34a 5.41 0.001
HDL 45.28 42.75 44.33 42.27 2.61 0.641
LDL 85.81a 86.03a 70.22b 71.84b 3.90 0.001
d 28
TCHOL 159.37a 152.08ac 140.22c 122.38bc 8.73 0.004
TG 79.23c 82.58bc 90.72ab 96.94a 3.90 0.001
HDL 40.17a 38.00a 34.04b 37.52ab 1.71 0.019
LDL 95.81a 96.70a 70.89b 72.34b 7.39 0.002

a,b,cWithin a row, values with different alphabetic superscripts differ significantly (P < 0.05).
1T0: represents the control group; T1, T2, and T3 groups represent supplementation of 0.5% Clove + 2% Tulsi, 1% Clove + 3% Tulsi, and 1.5% Clove and 4% Tulsi, respectively.
TCHOL - Total cholesterol, TG - Triglyceride, HDL - High-density lipoprotein, LDL - Low-density lipoprotein.
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in the treatment groups, especially in the T2 in comparison to the
T0 (data are given in Supplementary table 3).
3.2. Breast and thigh meat yield

The yields of breast meat and thigh meat in different experi-
mental groups are shown in Fig. 1. The T2 group had the highest
meat yield while the T3 had the lowest. However, no mentionable
variation (P > 0.05) was found between T2 and T1. Though the
meat yield tended to decrease in T3 in comparison to T0, the differ-
ence was negligible (P > 0.05).
3.3. Physicochemical properties of meat

3.3.1. Meat color
In naked eye observation, no noticeable change in breast meat

color was observed. On the other hand, the thigh meat was found
comparatively darker and more reddish in the T3 group (Fig. 2).
Fig. 1. Yields of breast and thigh meat in broilers supplemented with different concentrat
T1: 0.5% Cv and 2% Ts; T2: 1% Cv, and 3% Ts; T3: 1.5% Cv and 4% Ts. Data are presented as
ANOVA followed by DMRT. Mean values with different alphabetic superscripts significa

4

The color coordinates of the breast meat tended to improve in
the Cv and Ts supplemented groups (P > 0.05). However, no notice-
able variation (P > 0.05) was observed among the groups. Never-
theless, the T1 and T2 had slightly higher b* values (P > 0.05)
indicating increased yellowness of breast meat in these groups.
The groups had no mentionable difference (P > 0.05) in the L*, b*,
and SI values of the thigh meat. However, a* value increased mark-
edly (P < 0.05) in the T3 indicating increased thigh meat redness.
The T3 group also revealed a substantial drop (P < 0.05) in HA com-
pared to the rest of the experimental groups (Table 2).
3.3.2. Meat pH
The pH values of the meat samples are shown in Table 2. The

pHi of the breast meat substantially dropped (P < 0.05) in the T1
and T2 groups while it was considerably higher (P < 0.05) in the
T3 in comparison to the T0. However, no mentionable difference
(P > 0.05) in pHu was found among the T0, T1, and T2 groups.
Notwithstanding, the T3 group had substantially higher
(P < 0.05) pHu in comparison to the rest.
ions of Cv and Ts. Treatment (T) T0: Control group, did not receive any plant extract;
mean ± SEM. Differences among the groups of birds were compared using one-way
ntly differ from each other (P < 0.05).



Fig. 2. Representative images showing the breast and thigh meat color of broilers supplemented with different concentrations of Cv and Ts. Treatment (T) T0: Control group,
did not receive any plant extract; T1: 0.5% Cv and 2% Ts; T2: 1% Cv, and 3% Ts; T3: 1.5% Cv and 4% Ts.

Table 2
Effects of Clove powder and Tulsi extract supplementation on the physicochemical properties of breast and thigh meat in the broiler.

Attributes Treatments1 SEM P-value

T0 T1 T2 T3

Breast meat
L* 61.22 58.82 56.42 56.82 2.21 0.195
a* 3.21 3.36 3.45 3.87 1.09 0.937
b* 8.10 9.01 8.87 7.79 1.47 0.809
HA 67.07 69.54 69.84 63.88 5.91 0.733
SI 24.91 30.72 32.93 31.18 13.15 0.933
pHi (1 h) 6.80b 6.75c 6.76c 6.87a 0.02 0.001
pHu (24 h) 6.15b 6.11b 6.13b 6.34a 0.04 0.003
DL (%) 1.62 1.01 0.81 1.28 0.36 0.209
CL (%) 24.68b 23.89b 27.97a 23.58b 1.07 0.012
WHC (%) 83.20b 80.59c 80.13c 86.57a 1.12 0.001
Thigh meat
L* 57.40 55.59 55.00 53.42 2.60 0.529
a* 5.97ab 4.23c 4.84bc 6.78a 0.71 0.027
b* 7.81 6.76 8.70 6.96 1.17 0.060
HA 52.90a 57.61a 60.71a 35.27b 6.24 0.015
SI 46.78 29.10 42.23 33.42 9.15 0.275
pHi (1 h) 6.97b 6.90c 6.89c 7.03a 0.02 0.002
pHu (24 h) 6.42 6.37 6.29 6.44 0.08 0.251
DL (%) 1.89 1.67 2.03 1.16 0.28 0.064
CL (%) 25.84 26.59 27.53 24.04 1.13 0.073
WHC (%) 82.35b 82.55b 81.01b 85.51a 0.10 0.011

a,b,cWithin a row, values with different alphabetic superscripts differ significantly (P < 0.05).
1T0: represents the control group; T1, T2, and T3 groups represent supplementation of 0.5% Clove + 2% Tulsi, 1% Clove + 3% Tulsi, and 1.5% Clove and 4% Tulsi, respectively.
L* - Lightness, a* - Redness, b* - Yellowness, HA - Hue angle, SI - Saturation index, pHi - Initial pH (1 h postmortem), pHu - Ultimate pH (24 h postmortem), CL - Cook loss, DL -
Drip loss, WHC - Water holding capacity.
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The pHi of the thigh meat also dropped markedly (P < 0.05) in
the T1 and T2 groups while the T3 group had significantly higher
(P < 0.05) pHi compared to the rest of the groups. There was no
mentionable change (P > 0.05) in pHu among the experimental
groups.
5

3.3.3. Drip loss, cook loss and water holding capacity of meat
The impacts of Cv and Ts on the DL, CL, and WHC of meat are

presented in Table 2. The experimental groups had no mentionable
variation (P > 0.05) in terms of DL in both the breast meat and thigh
meat. The CL of the breast meat was markedly higher (P < 0.05) in
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the T2 while no mentionable difference (P > 0.05) was observed in
the case of thigh meat. The breast meat of the T1 and T2 had con-
siderably lower (P < 0.05) WHC. On the other hand, the T3 had
markedly higher (P < 0.05) WHC in comparison to the rest. The
WHC of thigh meat was substantially higher (P < 0.05) in the T3
but no difference was observed among the T0, T1, and T2 groups.
3.3.4. Muscle biology
3.3.4.1. Breast muscle. The breast muscle histoarchitecture is
shown in Fig. 3. The T1 and T2 had significantly lower (P < 0.05)
MFC compared to the T0 and T3. The CSA of myofibers was mark-
edly higher (P < 0.05) in the T2 compared to the T0 and T3. How-
ever, there was no mentionable variation (P > 0.05) between the
T1 and T2 groups (Fig. 4).
3.3.4.2. Thigh muscle. The thigh muscle histoarchitecture is shown
in Fig. 5. The MFC was substantially lower (P < 0.05) in the T2.
The CSA of myofibers was substantially higher (P < 0.05) in the
T2 in comparison to the rest of the experimental groups. However,
there was no noticeable variation (P > 0.05) among the T1, T2, and
T3 groups (Fig. 6).
3.3.5. Benefit-cost analysis
The benefit-cost analyses of the broilers fed Cv and Ts are

shown in Table 3. The results showed that the feed cost was signif-
icantly (P < 0.05) higher in the T2 group indicating higher feed
intake. The total cost of production per broiler was also higher
(P < 0.05) in the Cv and Ts-fed groups. It is mentionable that the
cost of production per kg live broiler was lower (P < 0.05) in the
T2 group generating more profit (P < 0.05) than the other groups.
In line with this, the T2 group also had a higher (P < 0.05)
benefit-cost ratio.
Fig. 3. Representative photomicrographs showing the histoarchitecture of breast muscle
(T) T0: Control group, did not receive any plant extract; T1: 0.5% Cv and 2% Ts; T2: 1% C
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4. Discussion

The careless use of subtherapeutic levels of antibiotics has led
to the emergence of antibiotic-resistant pathogenic bacteria
(Hussein et al., 2020). Moreover, there is rising concern among
consumers about the contamination of edible tissues by these
antibiotic residues (Agyare et al., 2018). In contrast to conventional
farming, the use of antibiotics is prohibited in organic production
systems (Wierup, 2001). Therefore, alternative solutions to aug-
ment the growth and production are thus in dire need for both tra-
ditional and organic poultry farming (Diaz-Sanchez et al., 2015).
Earlier studies have shown the beneficial impacts of Cv and Ts on
broilers’ growth rate and gut health (Agostini et al., 2012; Eevuri
and Putturu, 2013; Al-Mufarrej et al., 2019; Batiha et al., 2020;
Arif et al., 2022). Hence, the present study investigated the poten-
tial effects of the combinations of Cv powder and Ts extract supple-
mentation on the serum biochemistry and meat quality in broilers
for the first time.
4.1. Serum-biochemical profile

Serum-biochemical attributes are very good indicators of the
health status of any living animal. The current study revealed no
substantial difference in GLU levels among the experimental
groups except on d 21 where a marked rise in GLU levels was found
in the treated groups supplemented with 0.5–1% Cv powder + 2–3%
Ts extract and 1% Cv powder + 3% Ts extract. Even so, none of the
serum GLU levels indicated hyperglycemia as all the values were
very close to the normal values (Sultana et al., 2022). However,
Naeem et al. (2021) reported significantly reduced blood GLU
levels in broilers in response to Ts supplementation. Chowdhury
et al. (2018) reported that Cv supplementation doesn’t alter the
serum GLU. Mohammadi et al. (2014) stated that serum GLU drops
with the increase in Cv oil concentration. The level of blood GLU
remains under strict regulation due to its crucial role in maintain-
of the broiler supplemented with different concentrations of Cv and Ts. Treatment
v, and 3% Ts; T3: 1.5% Cv and 4% Ts.



Fig. 4. Effects of Cv powder and Ts extract on the myofiber count (MFC) and cross-sectional area (CSA) of myofibers in breast muscle of broiler chicken. Treatment (T) T0:
Control group, did not receive any plant extract; T1: 0.5% Cv and 2% Ts; T2: 1% Cv, and 3% Ts; T3: 1.5% Cv and 4% Ts. Data are presented as mean ± SEM. Differences among the
groups of birds were compared using one-way ANOVA followed by DMRT. Mean values with different alphabetic superscripts significantly differ from each other (P < 0.05).

Fig. 5. Representative photomicrographs showing the histoarchitecture of thigh muscle of the broiler supplemented with different concentrations of Cv and Ts. Treatment (T)
T0: Control group, did not receive any plant extract; T1: 0.5% Cv and 2% Ts; T2: 1% Cv, and 3% Ts; T3: 1.5% Cv and 4% Ts.
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ing body homeostasis, given that excessively high or low levels of
GLU can cause detrimental impacts on the body (Ji et al., 2020).

A complete lipid profile including TCHOL, TG, HDL, and LDL is
routinely used for predicting cardiovascular risks. Myocardial
infarction and heart disorders are linked to elevated blood TCHOL
and TG levels (Langsted et al., 2011). Elevated TCHOL level is also
strongly associated with increased ischaemic heart disease related
mortality (Lewington et al., 2007). In the current study, serum
TCHOL remained unaffected by the treatment until d 14 but sub-
stantially decreased afterward. This finding coincides with
Mahrous et al. (2017), Hussein et al. (2019), and Sehitoglu and
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Kaya, (2021) who also reported an increase in serum TCHOL in
response to Cv supplementation. On the contrary, Naeem et al.
(2021) showed that serum TCHOL substantially increases following
the dietary inclusion of Ts. The hypolipidemic activity of the Cv
might be linked to its capacity to mitigate free radicals produced
from the body of the broilers and thus improves their health status
(Hussein et al., 2019).

Dietary inclusion of Ts (Naeem et al., 2021) or Cv (Hussein et al.,
2019) reduces the TG level in serum. However, these findings con-
tradict our findings as the serum TG levels were found to be
increased substantially in the treatment groups in the current



Fig. 6. Effect of Cv powder and Ts extract on the myofiber count (MFC) and cross-sectional area (CSA) of myofibers in thigh muscle of broiler chicken. Treatment (T) T0:
Control group, did not receive any plant extract; T1: 0.5% Cv and 2% Ts; T2: 1% Cv, and 3% Ts; T3: 1.5% Cv and 4% Ts. Data are presented as mean ± SEM. Differences among the
groups of birds were compared using one-way ANOVA followed by DMRT. Mean values with different alphabetic superscripts significantly differ from each other (P < 0.05).

Table 3
Benefit-cost analysis of broilers fed different combinations of Clove and Tulsi.

Parameters Treatments1 SEM P-value

T0 T1 T2 T3

Chick cost (Tk./bird) 25 25 25 25 – –
Feed cost (Tk./bird) 108.12b 113.26ab 116.9a 107.7b 2.87 0.015
Cost of clove and tulsi (Tk./bird) 0.00 2.67 5.33 8.00 – –
Bedding, disinfectant, vaccine (Tk./bird) 21 21 21 21 – –
Mortality cost (Tk./bird) 0.00 0.00 0.00 0.00 – –
Labor cost (Tk./bird) 16 16 16 16 – –
Electricity and others (Tk./bird) 09 09 09 09 – –
Total cost of production (Tk./bird) 179.12c 186.93b 193.23a 186.7b 2.87 0.002
Total cost of production (Tk/kg. body weight) 113.58b 112.61bc 109.29c 121.95a 1.74 0.000
Total Income (Tk./bird) (Sale price @ 160 Tk./kg) 252.32c 265.60b 282.88a 244.96c 4.46 0.000
Profit (Tk./ bird) 73.2b 78.67ab 89.65a 58.26c 5.30 0.000
Profit (Tk./kg live bird) 46.42b 47.39ab 50.71a 38.05c 1.74 0.000
Benefit-cost ratio 1.41a 1.42a 1.46a 1.31b 0.03 0.002

a,b,cWithin a row, values with different alphabetic superscripts differ significantly (P < 0.05).
1T0: represents the control group; T1, T2, and T3 groups represent supplementation of 0.5% Clove + 2% Tulsi, 1% Clove + 3% Tulsi, and 1.5% Clove and 4% Tulsi, respectively.
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study. Circulatory TG allows the liver to transport adipose tissue
and blood sugar in both directions (Ji et al., 2020; Xu et al.,
2022). So, the higher GLU and TG levels found in the current study
might be linked to each other. The serum HDL levels tended to
increase initially but decreased onward. According to earlier study
reports, Cv oil or Ts supplementation leads to a significant rise in
serum HDL (Hussein et al., 2019; Naeem et al., 2021). Prior
research has also shown that HDL levels are inversely related to
the risk of cardiovascular disease and may be used to predict risk
(Rader and Hovingh, 2014). Serum LDL levels showed an inverse
relationship with the concentration of Cv and Ts supplementation.
LDL levels considerably decreased in the broilers supplemented
with 1–1.5% Cv powder and 2–3% Ts extract. This finding coincides
with the previous report where a significant reduction in LDL level
was reported in response to Cv oil (0.75–1.5 ml/kg diet) supple-
mentation (Hussein et al., 2019). On the other hand, Naeem et al.
(2021) reported an increase in serum LDL while 1% Ts powder is
supplemented with diet. Higher blood LDL levels are linked to a
lower chance of survival since they pile up in the heart and arter-
ies, causing severe hypertension (Kalantar-Zadeh et al., 2003).
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Therefore, the findings indicate an overall improvement in the lipid
profile of broilers treated with Cv powder and Ts extract. Serum
lipoproteins not only affect the health status of broiler but also
affects the meat quality. However, there is very limited data
depicting the possible linkage between serum biochemical attri-
butes and meat quality in broiler. Higher serum lipoprotein con-
centration causes excessive deposition of lipid particles in the
meat of broilers resulting in undesirable appearance of the meat
(Alvarenga et al., 2011). Serum TCHOL has strong positive correla-
tion with meat TG and LDL and a strong negative correlation with
meat HDL whereas serum TG has strong positive correlation with
meat LDL (Ozlem et al., 2020). TG is also positively correlated with
intramuscular fat accumulation in broilers (Hailemariam et al.,
2022). Therefore, lipoproteins in serum could be directly related
with lipoproteins of chicken products and thus can be transferred
into human creating human health risks (Alvarenga et al., 2011;
Ozlem et al., 2020; Hailemariam et al., 2022).

Serum TP, ALB, and GLB concentrations are often used to evalu-
ate the nutritional status of animals. In the current study, no dis-
cernible change in protein levels was observed even though their
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levels tended to increase in the treatment groups. However,
Mahrous et al. (2017) and Hussein et al. (2019) indicated an
increase in serum TP levels in response to Cv treatment while
Naeem et al. (2021) showed increased levels of TP in broilers fed
Ts powder. Serum TP level is an indicator of the capacity of protein
synthesis by the liver. During the growing period of broiler, the
liver increases protein synthesis to maintain the extensive demand
of amino acids for building muscle mass within a short period
(Tóthová et al., 2019). So, this might be the reason behind having
no significant difference in the protein levels in the broilers supple-
mented with different concentrations of Cv and Ts. However, the
tendency to increase protein levels in the supplement groups is
also an indicatorof boosting the capacity of protein synthesis by
the liver (Tóthová et al., 2019). Nevertheless, a detailed investiga-
tion is necessary to picture the underlying mechanism of regula-
tion of serum protein in broiler.

It is noted that we assessed the overall health status of broilers
by investigating the glucose, lipid, and protein profile. Serum bio-
chemical profiling is frequently used to assess the health status
of broilers (Tóthová et al., 2019; Ayman et al., 2022). However,
‘‘Health” is a very broad idea and therefore, needs to be investi-
gated further from multiple aspects like enzyme and hormone
levels, antioxidant status, immunity, etc.

4.2. Breast and thigh meat yield

The ultimate goal of using any kind of growth promoter is to
increase meat production. Dietary inclusion of Cv oil promotes
weight gain in poultry (Hussein et al., 2019; Arif et al., 2022).
0.5–1.5% Ts inclusion in diet enhances feed consumption, weight
gain, and meat production in poultry (Vasanthakumar et al.
2013; Naeem et al., 2021). In the present study, the meat yield
increased at 0.5–1% Cv and 2–3%Ts inclusion levels. Tariq et al.
(2015) and Azadegan et al. (2014) also reported improved weight
gain and breast meat yield while fed Cv oil with diet. Increased
meat yield was reported in quails while Cv oil was supplied at
0.75 ml/kg with feed (Hussein et al., 2019). Dietary inclusion of
Cv decreases amino acid breakdown and increases their absorp-
tion, thus promoting meat production (Lee and Shibamoto, 2002;
Mansoub, 2011). Ts leaf extract contains several active components
such as essential oils, organic acids, etc. which have anti-oxidative
and antimicrobial properties which also boost the production
(Kelm et al., 2000). However, meat yield substantially dropped
while Cv and Ts supplemented at a higher concentration (1.5%
and 4%, respectively). This indicates that the positive impacts of
Cv and Ts are dependent on their inclusion level. This finding con-
curs with the previous study where decreased growth rate and
weight gain were reported while Cv was supplemented with the
broiler diet at a higher concentration (Mohammadi et al., 2014).

4.3. Physicochemical properties of meat

Nowadays, the quality of meat has become a major concern for
the producers as well as meat scientists as the desired rate of meat
production has already been achieved (Mir et al., 2017). Due to ris-
ing concerns about residual contamination of meat with antibi-
otics, steroids, or other synthetic growth promoters, organic
poultry farming is gaining popularity (Islam et al., 2022a; Wireup,
2001). There is no previous study on the impacts of Ts on meat
quality to the best of our knowledge while very few study reports
are available regarding the dietary inclusion of Cv. Paleness, soft-
ness, and higher exudative characteristics of broiler meat are the
major problems for poultry farmers (Baeza et al., 2002). Therefore,
color is considered one of the most significant meat quality param-
eters as it directly affects the acceptance of meat by consumers
(Mir et al., 2017). The data obtained in the present study showed
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that Cv and Ts inclusion had no impact on breast meat color which
coincides with Sanwo et al. (2019). However, the addition of 1.5%
Cv and 4% Ts resulted in increased L* and decreased HA of the thigh
meat. Kyakma et al. (2022) showed that the inclusion of 4 g Cv/kg
feed markedly increases the L* and a* values of meat without
affecting the b* value. On the contrary, Suliman et al. (2020)
reported that meat color coordinates remain unaffected while 1–
2% Cv is supplied with the diet.

Meat pH is linked to the color and WHC of meat (Husak et al.,
2008). The pHu of meat is related to the muscle glycogen content
and the postmortem conversion of this glycogen into lactic acid
is responsible for pH drop (Nissen and young, 2006). The current
study data implies that Cv and Ts supplementation had significant
effects on the meat’s pH. The pHi of the breast meat substantially
dropped in the groups where 0.5–1% Cv powder and 2–3% Ts were
supplied. Nevertheless, an increased pHi was observed while Cv
and Ts were added at a combination of 1.5% and 4%, respectively.
The previous study reports on the effect of Cv on meat pH are a
bit inconsistent. According to Suliman et al. (2020), the pHi
decreases while 1% Cv is supplemented but it remains unaffected
while supplied at a higher dose (>1%). In another study, Sanwo
et al. (2019) stated that the meat pH remains unaffected in
response to 4 g/kg Cv supplementation. In the present study, the
breast meat pHu was substantially higher in the broilers supple-
mented with 1.5% Cv powder and 4% Ts extract which matches
the findings of Kyakma et al. (2022). However, this finding contra-
dicts the previous study report where a marked drop in the final
pH of meat was reported (Suliman et al., 2020). Lower meat pH
causes the muscle proteins to separate resulting in uneven reflec-
tion of light from the surface leading to the pale appearance of
meat (Swatland, 2008; Mir et al., 2017). Therefore, the present
study results imply that the meat pH is improved while Cv and
Ts are supplemented at a higher concentration (1.5% Cv + 4% Ts).

The DL, CL, and WHC of meat are some major indicators of meat
quality that exhibit the functional properties of meat. They have a
linear correlation with the color, pH, and tenderness of meat (Mir
et al., 2017). Results from the current study showed no mention-
able difference in DL of the meat samples at 24 h PMwhich implies
that Cv and Ts have no impact on DL. However, there was an
increased amount of CL in the case of breast meat of the broilers
supplied 1% Cv powder and 3% Ts extract. This indicates the poor
ability of the breast meat to hold water during processing (Mir
et al., 2017; Kyakma et al., 2022). Suliman et al. (2020) reported
a lower amount of CL in the meat of broilers fed Cv seeds. The
WHC of the breast meat was considerably less in the groups sup-
plemented with 0.5–1% Cv powder and 2–3% Ts extract but a
higher WHC was noticed while fed 1.5% Cv powder and 4% Ts
extract. Sanwo et al. (2019) reported a higher WHC of meat of
broilers fed 3 g/kg Cv which is in line with the current study find-
ing. However, a previous report showed that dietary inclusion of Cv
seeds at different levels does not affect the WHC of meat which
contradicts our findings (Suliman et al., 2020). Higher WHC is an
indicator of improved tenderness as well as juiciness of meat
(Mir et al., 2017). Lower WHC of meat causes increased water out-
flow and thus resulting in the nutrient loss (Otto et al., 2004).

4.4. Muscle biology

The characteristics of myofibers are strongly linked to meat
quality (Tůmová and Teimouri, 2009). The density of myofiber
influences the sensory perception of meat while the CSA of the
myofibers also affects the shear force value as well as the tender-
ness of meat (Verdiglione and Cassandro, 2013). Myofiber charac-
teristics also have a significant role in determining meat color. The
diameter and density of myofibers are negatively correlated with
meat redness and lightness, respectively (Li et al., 2019).However,



N. Sultana, R. Islam, S. Bhakta et al. Saudi Journal of Biological Sciences 30 (2023) 103654
there is no conclusive evidence to establish a relationship between
myofiber characteristics and meat quality. To the best of our
knowledge, there is no previous study reporting the effect of Cv
and Ts on myofiber characteristics. The results of the current study
showed a substantial reduction in MFC with increased CSA of myo-
fibers in the broilers fed 0.5–1% Cv powder and 2–3% Ts extract.
The MFC has an inverse linear relationship with the CSA of myofi-
bers whereas MFC and CSA both have a linear relationship with the
muscle mass (Rehfeldt et al., 2004). In the present study, the high
meat-yielding broilers had the larger CSA of myofibers. The
increased yield of meat is connected to the larger diameter and
density of myofibers which also justifies our findings (Li et al.,
2019).

It is noted that phytobiotics contain many pharmacologically
active components and are ‘‘Generally Recognized as Safe”
(Grashorn, 2010). Phytobiotics contain different irritating ingredi-
ents that may be harmful to the body. The higher concentration
of clove and tulsi reduces palatability, decreases feed intake, and
gut motility in broilers as it contains a large amount of eugenol
(Daniel et al., 2009). According to Kreydiyyeh et al. (2000), a high
concentration of clove may inhibit the intestinal absorption of
some nutrients. On the other hand, some studies on humans
reported that eugenol,a major constituent of both clove and tulsi,
has an allergic efficacy, spermicidal effect, disseminated intravas-
cular coagulopathy, generalized seizures, and hepatotoxicity
(Batiha et al., 2020).
4.5. Benefit-cost analysis

Generating a handsome amount of profit is the primary goal of
every business enterprise that can be achieved by either lowering
the production cost or raising the selling price or both. If the sup-
plementation of phytobiotics to the broiler’s diet doesn’t make it
more profitable, the producers won’t use them even if they ensure
healthier and organic production. However, the profit margin
depends on so many factors like the availability and cost of differ-
ent inputs, diseases and mortality, quantity and quality of the out-
put, market demand, etc. (Ahammed and Rahman, 2022; Janjić
et al., 2022). The current study findings showed that the profit
margin (50.71 Tk./kg liver bird) notably higher in the groups sup-
plemented with 1% Cv and 3% Ts despite having a higher produc-
tion cost determined by the higher feeding cost and the costs of
the phytobiotics. This is in line with the earlier studies where the
supplementation of synbiotic, probiotic, and phytobiotic in broilers
generated Tk. 42.87, 38.89, and 37.30, respectively (Ahammed and
Rahman, 2022). The benefit-cost ratio (1.46) was the maximum for
the broilers fed 1% Cv and 3% Ts. This finding also correspondence
with an earlier report where a benefit-cost ratio of 1.47 was found
in broilers (Jahan and Kamruzzaman, 2022). Therefore, phytobiotic
supplementations like Cv and Ts had positive impacts on enhanc-
ing the economic viability of broiler production. There are not
many published articles that have investigated the role of different
types of phytobiotics on economic viability of broiler production.
Therefore, the current study will open up numerous opportunities
for further research.
5. Conclusion

The results from the current study suggest that Cv and Ts have
the potential to bring about positive impacts on the broiler which
is largely dependent on the concentration supplied. They have the
potential to improve serum biochemistry by reducing serum
TCHOL and LDL levelswhich indicates an improvement in the
health status of the broilers. Supplementation of 0.5–1% Cv powder
and 2–3% Ts extract increased breast and thigh meat yield which
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also resulted in more profit generation. On the other hand, 1.5%
Cv powder and 4% Ts extract were found to be more effective in
maintaining a healthy serum-biochemical profile as well as the
meat quality attributes (i.e. color, pH, WHC, and myofiber charac-
teristics). In these contexts, it may be concluded that Cv and Ts can
be used in combination to improve broiler health, production, and
meat quality. Nevertheless, further study is suggested to evaluate
the quality of meat from the panel taste, microbiological and nutri-
tional aspects.
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