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Effect of dietary addition of herbal and microbial supplements on growth
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ABSTRACT

Gurram, S., Bora, S., Thota, S., Reddy, S., Supriya, R., Sushmasri, K., Mendu, M. and Gupta, S. 2024. Effect of dietary addition of herbal
and microbial supplements on growth performance, nutrient retention and immunity of commercial broiler chicken. Indian Journal of
Poultry Science, 59(3): 347-353.

This study evaluated the effect of dietary supplementation of herbal and microbial supplements on growth, immunity and
nutrient retention in broiler chicken. The experiment was conducted using 420 day-old commercial broiler chicks, which wererandomly
divided into 7 dietary treatments, with 12 replicates having 5 chicksin each. Dietary treatmentsinclude T1: Basal diet (BD) alone, T2:
BD + Nbiotic at 250 g/tonne of feed; T3: BD + Ligbiotic (in drinking water; per day/100 birds) 0-2 weeks: 2.5 mL; 2-4 weeks: 5.0 mL;
4-6 weeks: 10.0mL; T4: BD + Salcochek Pro at 500 g/tonne of feed, T5: BD + AV/EGM/19 at 250 g/tonne of feed, T6: BD + AV/EGM/
20 at 250 g/tonne of feed, T7: BD + Clostat (Bacillus subtilis) at 100 g/tonne of feed. The results revealed that significantly (p<0.05)
higher body weight gain (BWG) and better feed conversion ratio (FCR) were observed in Nbiotic (T2), Ligbiotic (T3), AV/EGF/20 (T6)
and Clostat (T7) groups during finisher phase when compared to control (T1) and other treatment groups. Dietary treatments did not
show any significant effect on feed intake during pre-starter and starter phases, however significantly higher feed intake was observed
in Nbiotic (T2) group. The humoral immune response was significantly (p<0.05) higher in Nbiotic (T2), Ligbiotic (T3) and Salcochek
Pro (T4) groups when compared to control (T1) and other treatment groups. Dietary inclusion of herbal and microbial supplements,
significantly (p<0.05) improved the crude protein (CP) digestibility, whereas energy and dry matter digestibilities were not affected.
Finaly, it could be concluded that supplementation of Nbiotic (T2), Ligbiotic (T3), AV/EGF/20 (T6) and Clostat (T7) can be recommended
to improve the finisher phase BWG and FCR of broiler chicken. The CP digestibility was improved in al the dietary supplemented
groups when compared to control group, whereas improved immunity was noticed in Nbiotic (T2), Ligbiotic (T3) and Salcochek pro

(T4) supplemented groups.
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INTRODUCTION

Theincreasing global demand for poultry products
necessitates the exploration of alternative feed additives
that can enhance the performance and health of broiler
chickens. Traditional methods, primarily relying on
antibiotic growth promoters (AGPs), havefaced scrutiny
dueto concernsover antibiotic resistance and food sefety.
Consequently, there is a growing interest in herbal and
microbial supplements as viable alternatives that can
promote the health and productivity of poultry without
any adverse effects associated with AGPs.

Herbal supplements, derived from various plants,
have demonstrated significant potential in improving
broiler performance. Herbs and spices have appetizing
and stimulatory effects on the digestion process by
increasing the production of digestive enzymesand juices,
which stimulates digestion and peristaltic motion, thus
improving feed efficiency (Rgjeshwari and Andallu, 2011;
Naeemasaet d ., 2015) and aso haveimmunity activation,
antiviral, antioxidant and anthelmintic properties. Studies
indicate that these natural additives can enhance feed
efficiency, weight gain and overall health by modulating
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the gut microbiota and improving nutrient absorption
(Omar et a., 2016). Furthermore, the combination of
different herbs often yields synergistic effects that
enhancetheir benefits, making them promising candidates
for inclusion in poultry diets (Sun et al., 2024).

In addition to herbal additives, microbial
supplements such as probiotics have gained attention in
poultry nutrition. Probiotics are beneficial live microbes
that provide health benefits to the host when taken in
sufficient quantities. They play acrucial rolein enhancing
gut health by outcompeting pathogenic bacteria, thus
improving FCR and overall growth performance (Krysiak
et al., 2021). Research has shown that probiotics also
stimulate immune responses, leading to better disease
resistance among broiler chickens (Kumar et al., 2013).

The studies on the pharmacological actions of
individual herbal extracts in animals are available very
well, but the studies on the combination of different herbal
products in comparison to probiotics (microbial
supplements) in poultry are scanty. Hence, the present
research was conducted to investigate the effect of
different herbal and microbial supplements on growth,
immunity and nutrient retention in commercia broiler
chicken.
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MATERIALSAND METHODS

To conduct the proposed study, 420 day-old broiler
chicks were weighed individually and wing banded. The
birds were randomly distributed into 7 dietary treatment
groups with 12 replicates of five birds each. T1: Basa
diet (BD); T2: BD + Nbiotic (Garlic, Ginger, Thymus
vulgaris and MOS) at 250 g/tonne of feed; T3: BD +
Ligbiotic (Contain essential oils of eugenol, thymol and
cineole, supplied in drinking water; per day/100 birds)
0-2 wks: 2.5 mL; 2-4 wks: 5.0 mL; 4-6 wks: 10.0 mL;
T4: BD + Salcochek Pro (a mixture of extracts from
plants Woodfordiafruticose, Acaciacatechu, Holarrhena
antidysentrica, Plantago ovate, Berberisaristataand Aegle
marmelos) at 500 g/tonne of feed; T5: BD + AV/EGM/19
(Ajwain and Tulasi oil) at 250 g/tonne of feed; T6: BD +
AV/EGM/20 (Garlic essentia oil) at 250 g/tonne of feed;
T7: BD + Clostat (Bacillus subtilis PB6) at 100 g/tonne
of feed.

The chicks were reared in battery brooders in an
open-sided house under standard managemental
conditions and fed with iso caloric and iso nitrogenous
corn soya-hased diets (as per Vencobb recommendations)
from day old to 42 days of age. Body weights were
recorded for individual birds, while cumulative feed
consumption wasrecorded for each replicate group every
week. Inthe event of mortality, thefeed for that particular
group was weighed back to ensure accurate feed
consumption data. The feed conversion ratio (FCR) was
calculated using the data on feed consumption and body
weight gain. Mortality among the birds was recorded
throughout the experimental period and the causes were
determined. Blood sampleswere collected on the 3¢ and
6" week of age from the wing vein of broilers (1 bird/
replicate) to estimate New Castle disease (ND) titers.
Haemaggl utination inhibition (HI) activity of serum was
estimated and the antibody titers (log,) were measured
following the standard procedure (Wegmann and
Smithies, 1966). During the last 3 days of the trial, the
metabolic trial was conducted on 8 birds/treatment.
Before the start of metabolic trial, the birds were fasted
for 12 hours to ensure their gastrointestinal tracts were
empty, marking the start of the feces collection process.
The feces collected were oven-dried for a period of 18
hours at atemperature of about 105°C and weighed daily.
At the end of the collection period, the fecal samples
collected from each treatment per day were pooled,
ground and thoroughly mixed to obtain a homogenous
mixture. Samples of feces were subjected to proximate
analysis according to the standard methods outlined
(AOAC, 2012) and the results obtained were used to
calculate the apparent digestibility using the following
formula.

Apparent digestibility coefficient =
Nutrient in feed—Nutrient in feces
Nutrient in feed

x 100
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Total nitrogenin feedsand excretawas determined
using the Kjeldahl method (AOAC, 2012) and the nitrogen
utilization was calculated as follows:

N utilization (%) = '”tak,fl in':'ake’écret'on)

The datawere subjected to one-way ANOVA using
the general linear model process of the statistical package
for social sciences (SPSS) 20" version.

x 100

Table 1: Ingredient (kg/quintal) and nutrient composition
(%) of broiler diets

Ingredient Pre-starter ~ Starter  Finisher
Maize 555 585 595
ol 28 4 5
Soybean meal 378 3 D
Stone grit 14 145 11
Dicalcium Phosphate 175 175 217
Sat 04 042 042
Threonine - - 0.001
DL-Methionine 017 02 019
Lysine 014 0.16 017
Traceminera mixture 01 01 01
VitaminAB2D3K 002 002 002
B-complex vitamins 0025 0025 0025
Choline 01 01 01
Toxin binder (herbal) 01 01 01
Nutrient composition (Calculated values)
Metabolizable Energy 3020 3105 3150
(Kcal/kg)

Crude protein (%) 2305 2098 1961
Lysine (%) 129 121 112
Methionine (%) 050 049 048
Calcium (%) 0920 0920 098
Available Phosphorus (%) 043 042 048

*AB,D K provided per kg diet: Vitamin A 20000 IU,
Vitamin B, 25 mg, Vitamin D, 3000 U, Vitamin K 2 mg.
** Vitamin B-Complex provided per kg diet: Riboflavin
25mg, Vitamin B, 1mg, Vitamin B, 2mg, Vitamin B, 40
mg, and Niacin 15 mg.

***Trace mineral provided per kg diet: Manganese 120
mg, Zinc 80 mg, Iron 25 mg, Copper 10 mg, lodine 1
mg

RESULTSAND DISCUSSION

Growth

Thedataon BWG feed intake and FCR of broilers
in different dietary treatment groups were presented
phase-wise in Table 2.

During the pre-starter and starter phases, the BWG
of broilers was not affected by the dietary treatments.
However, during thefinisher phase, significantly (p<0.05)
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Table-2
Treatment Pre starter phase Starter phase Finisher phase
(0-2weeks) (3-4 weeks) (5-6 weeks)
BWG A FCR BWG A FCR BWG Fl FCR
T, Control 352.80 44260 1.26° 82500 130080 158 1167000 211520~ 1.81°
T, Nbiotic 33280 44560 1148 853.02 129080 1517 123680* 2187.60¢ 1.77*
T, Ligbiotic 38500 44360 115 855.05 131040  153* 1218600 2144000 1.76*
T, Salcochek 356.00 446.00 1.25° 82040 133000 162 1170600 212300 1.8
Pro
T, AV/EGM/19 36840 43940 119 829.80 132500  1.60~ 1175200 2136000 1.8~
T, AV/EGF20 380.00 44060 116° 856.20 128540 150 1235000 2121.00¢ 172
T, Clostat 379.20 444.00 117 861.00 12080 15717 1220600 2090006 1.71°
SM 239 141 008 481 748 008 119 743 0.09
P-value 062 0.24 001 014 0.78 002 003 004 001

higher BWG was observed in Nbiotic (T2), Ligbiotic (T3),
AV/EGF/20 (T6) and Clostat (T7) groupswhen compared
to control and other treatment groups. The present
findingsin the T2 group arein accordance with Darwish
et a. (2021) with supplementation of 1 % ginger powder,
Eltazi (2014) with 1.75 % mixture powder (1.5 % garlic
+ 0.25 % ginger), Giannenas et a. (2019) and Swaroop
et d. (2022) with herbal feed additive (Nbiotic) inbroilers,
reported significant improvement in BWG of broilers.
Similar to T3 findings in this study, Xing et al. (2019)
found higher average daily gainin broilers supplemented
with thymol essential oil @ 15 g/ton and cinnamal dehyde
@ 5 g/ton inthe diet. In support of T6 findings, Elbaz et
al. (2022a) reported that dietary supplementation of garlic
essential oil @ 200 mg/kg in broilersimproved the BWG.
Garlic and thymol essentia oils improve body weight
gain in broilers primarily through their antioxidant
propertiesand enhanced feed conversion efficiency. Garlic
oil has been shown to lower serum cholesterol levels
and improve metabolic rates, while thymol promotes gut
health by enhancing digestive enzyme activity and
reducing pathogenic bacteria, leading to better nutrient
absorption and overall growth performance in poultry
(Moustafa et a., 2020).

The T7 group findings are in accordance with Sen
et a. (2012), Sikandar et al. (2020) and Zhang et al.
(2021) with dietary supplementation of Bacillus subtilis
PB6 (CLOSTAT™), found significant (P<0.05)
improvement in BWG of broailers. Probiotic (Bacillus)
supplementation in broilers enhances body weight gain
primarily by improving gut health, which leads to better
nutrient absorption and feed efficiency. Additionally,
Bacillus probiotics hel p control harmful pathogensinthe
gut, further promoting overall growth and healthin broiler
chickens (Ogbuewu et al., 2022).

During the pre-starter and starter phases, no
significant differencein the feed intake of broilersamong
the treatment groups. However, in the finisher phase,
the feed intake was significantly (P<0.05) higher in the

Nbiotic (T2) group when compared to the control and
other treatment groups, whereas other treatment groups
had comparable feed intake to the control group. The
present findings are in accordance with report of Ozek
et al. (2011) with essential oil mixture (containing
carvacrol, thymol, 1:8-cineole, p-cymene and limonene)
supplementationin layers, Xing et al. (2019) with thymol
essentia ail, Kirkpinar et d. (2011) and Elbaz et al. (2022)
with garlic essential oil @ 300 mg/kg and 200 mg/kg,
respectively in broilers, a so reported the non-significant
effect on feed intake.

During the pre-starter, starter and finisher phases,
a significant (P<0.01) improvement in FCR of broilers
in Nbiotic (T2), Lighiotic (T3), AV/EGF/20 (T6) and
Clostat (T7) groups when compared to control and other
treatment groups. The present findings of the T2 group
werein accordance with reports of Darwish et al. (2021)
with the supplementation of ginger or garlic, Eltazi (2014)
with 1.75 % mixture powder (1.5 % garlic 0.25 % ginger)
and Giannenas et a. (2019) with herbal feed additive
(Nbiotic) also reported asignificant improvement in FCR
inbroilers. Similar to T3 findings, Ghanimaet al. (2020)
found thymol, carvacrol & eugenol supplementation @
300 mg/kg in the diet of layers significantly improved
the FCR from 28 to 78 weeks of age. In support of T6
findings, Elbaz et al. (2022) reported that diet
supplemented with 200 mg/kg of garlic essential ail in
broilers, significantly improved the FCR.

The improved growth performance with herbal
supplements might be due to improved digestibility of
nutrients by stimulating the digestive enzyme secretion
and activity and by increasing the bile synthesis
(Rajeshwari and Andallu, 2011).

Similar to the present findingsin case of T7 group
was reported by Melegy et al. (2011), Sikandar et al.
(2020) and Zhang et al. (2021) with Bacillus subtilis PB6
(CLOSTAT™) supplementation in broilers. The positive
impact of dietary supplementation with CLOSTAT™ on
broiler performance could be associated with improved
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Table 3: Effect of herbal and microbial supplementson digestibility of chemical constituents (%)

Dry Organic Crude

Crude Ether

Treatment Diets matter etter orotein fibre extract NFE Cdcium Phosphorous
T, Control 66.02 6803 65.36° 52.32 7021 7112 65.09 4105
T, Nbiotic 67.75 69.99 69.88° 5389 721 7021 66.01 4201
T, Lighiatic 68.02 7203 67.98° 54.03 7032 7105 66.05 4012
T, Salcochek Pro  69.32 7203 66.9% 54.12 7039 7014 67.23 4123
T, AV/EGM/19 68.95 7128 68.79% 5339 7111 7232 66.08 4169
T, AV/EGF/20 66.00 7136 66.89° 54.00 721 7365 65.12 41.32
T, Clostat 7102 7123 69.08° 55.36 7012 7123 67.08 4006
SEM 0.890 0623 0.239 102 126 0.998 232 101
N 8 8 8 8 8 8 8 8
P-value 0.856 0411 0.003 0112 0236 0659 0325 0421

gut health and isthought to be caused by better absorption
of different nutrients by the birds. Contrary results in
comparison to the present findings in the case of T7
werereported by Rodjan et a. (2018) with Bacillussubtilis
supplementation.
Nutrient digestibility

Dry matter (DM %), organic matter (%), crude
fiber (%), Ether extract (EE %), Nitrogen free extract
(NFE %), Calcium (%) and Phosphorus (%) digestibility
were not influenced by the dietary treatments (Table 3).
However, the crude protein (CP) digestibility was
significantly (P<0.01) improvedin al thedietary treatment
groups (T2 to T7). Supplementation of Nbiotic (T2) and
Clostat (T7) showed significantly (P<0.01) higher crude
protein digestibility when compared to other treatment
groups. However, the CP digestibility in other treatment
groupswasintermediate and significantly (P<0.01) higher
than the control group. The present findings agree with
reports of Bai and Li (2022) who found that dietary
supplementation of Chinese herbal medicine @ 8 g/kg
feedin broilerssignificantly improved the CPdigestibility,
however did not show any effect on DM digestibility.
Similarly, Guler et al. (2006) with Coriander

supplementation in layer Japanese quails and Singh and
Kumar (2018) with dietary black cumin (Nigella sativa)
in broilers reported significant (p<0.05) improvement in
CP retention. Aswal et al. (2017) found Garlic powder
@ 2 g/kg and amla powder @ 5 g/kg addition to White
Leghorn hen diet, improved the retention of DM, CPand
EE. The improved crude protein digestibility in broilers
by using herbal additives might be due to modulating gut
microbiota, increasing digestive enzyme activity, and
reducing anti-nutritional factors. These effects lead to
improved nutrient absorption and overall feed efficiency,
contributing to better growth performance in the birds
(Vlaicu et a., 2021).

The present findings in the T7 group are in
accordance with Sen et al. (2012) who reported that
apparent retention of CP was higher in birds that are
supplemented with B. subtilis when compared to the
control group. Probiotic (Bacillus) supplementation
improves crude protein digestibility by enhancing gut
health, increasing the secretion of digestive enzymes, and
reducing intestinal inflammation, collectively leading to
better nutrient absorption. Studies have shown significant
increases in protein digestibility when broiler diets are

Table 4: Effect of herbal and microbia supplementson NDV titers (log,) and Immune organ weights (% live weight) of broiler

chicken
Treatment Diets 3dweek 6" week Bursa Spleen Thymus
(HI titertoND  (HI titertoND
vaccine) vaccine)

T, Control 3.03 316 0072 014 023
T, Nbiotic 3.35 340 0132 0.18 0.522
T, Ligbiotic 3317 3317 0910 0.16 0.39*
T, Salcochek Pro 3.26* 3.2 0.110 0.16 0.3
T, AV/EGM/19 3.09° 315 0.720 0.19 0.3
T, AV/EGF20 3.10 310 0.730 015 030
T, Clostat 3.09% 315 0104 0.18 0.26°
SEM 0024 0.20 0.006 0.006 0021
N 12 12 12 12 12
P-value 0.001 0.001 0.097 0.245 0030
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supplemented with Bacillus probiotics, indicating their
beneficial impact on overall feed efficiency and growth
performance (Bao et a., 2022).

Immunity

The data on humoral immune response was
evaluated interms of antibody responseto the New Castle
disease (ND) vaccine at 21 and 42 d of age using serum
Hemaggl utination inhibition (HI) and expressed in mean
log, titer values (Table 4). Significantly (P<0.05) higher
ND titers were recorded in Nbiotic (T2) and Ligbiotic
(T3) and Salcochekpro (T4) groups when compared to
control and other treatments during 3 and 6" week of
age, whereas the NDV titers in other treatment groups
were comparable to the control group.

The present findings of the T2 group were in
accordancewith Saleh et al. (2014) who reported antibody
titersagainst NDV weresignificantly higher in birdsthat
are supplemented with thyme essential oil @ 200 mg/kg
and garlicessentia oil @ 100 mg/kg. Similar to the present
findings, Reema (2011) reported increased
immunoglobulin (1g) G levelsin miceand pigswhich are
fed on a diet supplemented with thyme and oregano as
compared to the control diet. El-Hack and Alagawany
(2015) conveyed that dietary addition of Thymol powder
@ 6 g/kginlayers, significantly improved the IgG levels
in serum. Di et al. (2022) found that dietary
supplementation of 20-30 mg/kg of 1,8-cineole, increased
serum IgA, 1gG and IgM levels at 21 and 42 days of age
(P<0.05). Elbaz et al. (2022b) revealed that Clove essential
oil supplementation in the diet of broilers significantly
increased (P<0.05) serum IgA level.

Dietary treatments did not show any significant
effect on immune organ weights (Bursa and Spleen)
during 6" week of age. However, significantly (P<0.05)
higher thymus weight was observed in the Nbiotic group
(T2) compared to control and other treatment groups.
The non-significant effect on immune organ weights of
the spleen and bursa was in accordance with Rahimi et
al. (2011) with essential oils supplementation and Melegy
et al. (2011) with Bacillus subtilis supplementation.
Mortality

The mortality rate among the experimental dietsis
shown in Table 5. It was observed that all the mortality
occurred during the pre-starter phase (0-14 d), which
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was primarily due to unabsorbed yolk condition.
However, the mortality rate was within the acceptable
range and no specific disease outbreak was recorded.
General health and appearance

None of the groups exhibited any negative
symptoms or changes in behavior throughout the study.
All the birds were active and showed normal appetite
during the period of study.

CONCLUSION

Finaly, it could be concluded that dietary addition
of Nbiotic (T2), Ligbiotic (T3), AV/EGF/20 (T6) and
Clostat (T7) can be recommended to improve the BWG
and FCR of broilers during finisher phase. Nbiotic (T2),
Ligbiotic (T3) and Salcochek pro supplementation,
improved the immunity in broilers chicken. The CP
digestibility wasimprovedin al thedietary supplemented
groups when compared to control group.

Ethical approval and consent statement

The experiment was approved by the Institutional
Animal Ethics Committee (IEAC) of the College of
Veterinary Science, Rajendra Nagar.

ACKNOWLEDGEMENT

Theauthorsarethankful to Ayurvet Limited, Katha,
Baddi, Himachal Pradesh for funding the research project.
Conflict of interest

The authors report no conflict of interest.

REFERENCES

AOAC. 2012. Official methods of analysisof AOAC International.
(19" Ed.) Association of Official Analytical Chemists,
Gaithersburg, Maryland, USA.

Aswal, P, Kumar, A. and Singh, PK. 2017. Garlic (Allium sativum)
and amla (Emblica officinalis) powder addition to the diet
affectsthe production performance of White Leghornlaying
hens. Indian Journal of Animal Nutrition, 34(1): 80-86.

Bai, J. and Li, Y. 2022. Effects of Chinese herbal medicinesonthe
productive performance, nutrient retention, egg quality and
immune function of laying hens. Biology, 1: 1-9.

Bao, C., Zhang, W.,Wang, J,, Liu, Y., Cao, H., Li, F, Liu, S,, Shang,
Z.,Cao,Y.and Dong, B. 2022. The effects of dietary bacillus
amyloliquefaciens TL 106 supplementation, asan aternative
to antibiotics, on growth performance, intestinal immunity,
epithelial barrier integrity, and intestinal microbiota in
broilers. Animals, 12(22): 3085.

Table 5: Effect of herbal and microbial supplements on phase-wise mortality of broiler chicken

Treatment Diets No. of birds No. of birds Mortality %
housed died Pre-starter(0-14d) Starter(15-28d) Finisher(29-42d)

T, Control G4 1 166 - -
T, Nbiotic a0 2 333 - -
T, Ligbiotic (0] 1 166 - -
T, Salcochek Pro Y 2 333 - -
T, AV/EGM/19 a0 1 166 - -
T, AV/EGF20 a0 2 333 - -
T Clostat a0 1 166 - -

~

Indian Journal of Poultry Science (2024) 59(3): 347-353/ 351



Gurram et al. / Herbal and Microbial Supplements in Broiler Nutrition

Darwish, H., Al-Hamid, A., Osman, M. and Hassan, S.S. 2021.
Effect of dietary ginger and garlic supplementation on
growth performance, carcass characteristics and blood
biochemical of broiler chicks. Journal of Agricultural and
Environmental Sciences, 20(2): 1-32.

Di,Y., Cao,A., Zhang, Y., Li,J., Sun, Y., Geng, S., Li, Y. and Zhang,
L. 2022. Effects of dietary 1,8- cineole supplementation
on growth performance, antioxidant capacity, immunity
and intestine health of broilers. Animals, 12: 2415.

Duncan, D.B. 1955. Multiple ranges and multiple F test.
Biometrics, 11(1): 1-42.

Elbaz, A.M., Ashmawy, E.S., Salama, A.A., Abdel-Moneim,A.M.,
Badri, F.B. and Thabet, H.A. 2022a. Effects of garlic and
lemon essential oils on performance, digestibility, plasma
metabolite, and intestinal health in broilers under
environmental heat stress. BMC Veterinary Research,
18(1):1-2.

Elbaz, A.M., Ashmawy. E.S., Farahat, M.A., Ali, SA., Amin,
S.A., Thabet, H.A. and Gad, G.G. 2022b. Effect of different
levels of clove essential oil on the growth performance,
lipid metabolism, immunity and intestinal microbial
structure of broiler chickens. Egyptian Journal of Nutrition
and Feeds, 25(3): 361-368.

El-Hack, M.A. and Alagawany, M. 2015. Performance, egg quality,
blood profile, immune function and antioxidant enzyme
activities in laying hens fed diets with thyme powder.
Journal of Animal Feed Science, 24(2): 127-133.

Eltazi, S. 2014. Response of broiler chicks to diets containing
different mixturelevelsof garlic and ginger powder asnatural
feed additives. International Journal of Pharmaceutical
Research andAllied Sciences, 1: 3(4).

Ghanima, M.M.A., Alagawany, M., Abd El-Hack, M.E., Taha,
A., Elnesr, S.S.,, Ajarem, J., Allam, A.A. and Mahmoud,
A.M. 2020. Consequences of various housing systemsand
dietary supplementation of thymol, carvacrol, and eugenol
on performance, egg quality, blood chemistry and antioxidant
parameters. Poultry Science, 99(9): 4384-4397.

Giannenas, |., Bonos, E., Filliousis, G, Stylianaki, I., Kumar, P,
Lazari, D., Christaki, E. and Florou-Paneri, P. 2019. Effect
of a polyherbal or an arsenic-containing feed additive on
growth performance of broiler chickens, intestinal
microbiota, intestinal morphology and lipid oxidation of
breast and thigh meat. Journal of Applied Poultry Research,
28(1): 164-175.

Guler, T., Ertas, O.N., Ciftci, M. and Dalkilic, B. 2006. Effect of
feeding Coriander (Coriandrum sativum) on egg production
performance and nutrient retention in laying Japanese Quails.
Journal of Applied Animal Research, 30(2):181-184.

Huyghebaert, G, Ducatelle, R. and Van Immerseel, F. 2011. An
update on alternatives to antimicrobial growth promoters
for broilers. The Veterinary Journal, 187(2):182-188.

Kirkpinar, F., Unlu, H.B. and Ozdemir, G. 2011. Effects of oregano
and garlic essential oilson performance, carcass, organ and
blood characteristics and intestinal microflora of broilers.
Livestock Science, 137(1-3): 219-25.

Krysiak, K., Konkol, D. and Korczyfiski, M. 2021. Overview of
the use of probioticsin poultry production. Animals, 11(6):
1620.

Kumar, L., Singh, PK. and Kumar, M. 2013. Effect of dietary
supplementation of combination of probiotics on the growth
performance and immune response of broiler chickens.
Animal Nutrition and Feed Technology, 13(1): 15-25.

Melegy, T., Khaled, N.F,, ElI-Bana, R. and Abdellatif, H. 2011.
Effect of dietary supplementation of Bacillus subtilis PB6

352 / Indian Journal of Poultry Science (2024) 59(3): 347-353

(CLOSTAT™) on performance, immunity, gut health and
carcasstraitsin broilers. Journal of American Science, 7(12):
891-898.

Moustafa, N., Aziza, A., Orma, O. and Ibrahim, T. 2020. Effect of
supplementation of broiler diets with essential oils on
growth performance, antioxidant status and general health.
Mansoura Veterinary Medical Journal, 21(1): 14-20.

Naeemasa, M., Qothi, A.A., Seidavi, A., Norris, D., Brown, D.
and Ginindza, M. 2015. Effects of coriander (Coriandrum
sativum L..) seed powder and extract on the performance of
broiler chickens. South African Journal of Animal Science,
45(4): 371-378.

Ogbuewu, 1.P, Mabelebele, M. and Sebola, N.A. 2022. Bacillus
probiotics as alternatives to in-feed antibiotics and its
influence on growth, serum chemistry, antioxidant status,
intestinal histomorphology and lesion scores in disease-
challenged broiler chickens. Frontiersin Veterinary Sciences,
9: 876725.

Omar, JA., Hegjazi, A. and Badran, R. 2016. Performance of broilers
supplemented with natural herb extract. Open Journa of
Animal Sciences, 6(1): 68-74.

Ozek, K., Wellmann, K.T., Ertekin, B. and Tarim, B. 2011. Effects
of dietary herbal essential oil mixture and organic acid
preparation on laying traits, gastrointestinal tract
characteristics, blood parameters and immune response of
laying hensin ahot summer season. Journal of Animal and
Feed Sciences, 20(4): 575-586.

Rafeeq, M., Rashid, N., Tarig, M.M., Sheikh, |.S., Mustafa, M.Z.,
Shafee, M., Mehmood, K., Bilal, R.M. and Asmat, T. 2021.
Effect of herbal extract on the growth performance, serum
biochemical composition, ileal histo-morphology and
immune response of broiler chickens.

Rahimi, S., Teymouri Zadeh, Z., Karimi Torshizi Mleh, A.,
Omidbaigi, R. and Rokni, H. 2011. Effect of three herbal
extracts on growth performance, immune system, blood
factorsand intestinal selected bacterial populationin broiler
chickens. Journal of Agricultural Science and Technology,
13: 527-539.

Rajeshwari, U. and Andallu, B. 2011. Medicinal benefits of
coriander (Coriandrum sativum L). SpatulaDD, 1: 51-58.

Reema Abed, M. 2011. Cytotoxic, cytogenetics and
immunomodulatory effects of thymol from Thymus
vulgarison cancer and normal cell linesinvitroandinvivo.
Almustansiriyah Journal of Science, 22: 41-53.

Rodjan, P, Soisuwan, K., Thongprajukaew, K., Theapparat, Y.,
Khongthong, S., Jeenkeawpieam, J. and Salagharae, T. 2018.
Effect of organic acidsor probioticsaoneor in combination
on growth performance, nutrient digestibility, enzyme
activities, intestinal morphology and gut microflorain broiler
chickens. Journal of Animal Physiology and Animal
Nutrition, 102: 931-940.

Saleh, N.,Allam, T., El-Latif, A.A. and Ghazy, E. 2014. The effects
of dietary supplementation of different levels of thyme
(Thymusvulgaris) and ginger (Zingiber officinal €) essential
oils on performance, hematological, biochemical and
immunological parameters of broiler chickens. Global
Veterinarian, 12(6): 736-744.

Sen, S., Ingale, SLL., Kim, Y.W., Kim, J.S., Kim, K.H., Lohakare,
JD., Kim, EK., Kim, H.S,, Ryu, M.H., Kwon, I.K. and
Chae, B.J. 2012. Effect of supplementation of Bacillus
subtilis LS 1-2 to broiler diets on growth performance,
nutrient retention, caecal microbiology and small intestinal
morphology. Research in Veterinary Science, 93(1): 264-
268.



Sikandar, A., Zaneb, H., Nasir, A., Adil, M., Ali, H.M., Muhammad,
N., Rehman, T., Rehman, A. and Rehman, H.F. 2020. Effects
of Bacillus subtilis on performance, immune system and
gut in Salmonella-challenged broilers. South African Journal
of Animal Science, 50(5): 1-5.

Singh, PK. and Kumar, A. 2018. Effect of dietary black cumin
(Nigella sativa) on the growth performance, nutrient
utilization, blood biochemical profile and carcass traitsin
broiler chickens. Animal Nutrition and Feed Technology,
18(3): 409-419.

Sun, Y., Zhang, M., Shi, D., Dai, X. and Li, X. 2024. Effects of
designed herbal formula on growth performance, blood
indices, organ traits, and cecum microbiology in broilers.
Veterinary Sciences, 11(3): 107.

Swaroop, N., Chittithoti, A.K., Thullimali, S., Kumar, A. and
Ganguly, B. 2022. Efficacy of aphytogenic formulation as
a replacer of antibiotic growth promoters at improving

Gurram et al. / Herbal and Microbial Supplements in Broiler Nutrition

growth, performance, carcass traits and intestinal
morphology in broiler chicken.

Vlaicu, PA., Panaite, T.D., Untea, A.E., Idriceanu, L. and Cornescu,
GM. 2021. Herbal plantsasfeed additivesin broiler chicken
diets. Archiva Zootechnica, 24(2): 76-95.

Wegmann, T.G. and Smithies, O.A. 1966. Simple hemagglutination
system requiring small amounts of red blood cells and
antibodies. Transfusion, 6: 67-73.

Xing, T., Gao, F., Tume, R.K., Zhou, G and Xu, X. 2019. Stress
effects on meat quality: A mechanistic perspective.
Comprehensive Review Food Science and Food Safety,
18(2): 380-401.

Zhang, S., Zhong, G, Shao, D., Wang, Q., Hu, Y., Wu, T. and Shi,
S. 2021. Dietary supplementation with Bacillus subtilis
promotes the growth performance of broilers by altering
the dominant microbial community. Poultry Science, 100(3):
100935.

Indian Journal of Poultry Science (2024) 59(3): 347-353 / 353





