v Loultry Science’

Supplementation of ginger root extract into broiler chicken diet: effects on
growth performance and immunocompetence

George Dosu,* Temitayo O. Obanla,* Shuwei Zhang, Shengmin Sang ,T Adedeji O. Adetunji ®*
Adam C. Fahrenholz ©,” Peter R. Ferket ©,” Kalyanam Nagabhushanam ©.° and Yewande O. Fasina ©*'

"Department of Animal Sciences, North Carolina Agricultural and Technical State University, Greensboro, NC
27411, USA; T Center for Excellence in Post-Harvest Technologies, North Carolina AT State University,
Kannapolis, NC 28080, USA; #/Prestage Department of Poultry Science, North Carolina State University, Raleigh,
NC 27695, USA; and $Sabinsa Corporation, East Windsor, N.J 08520, USA

ABSTRACT Ginger contains bioactive compounds
that possess anti-inflammatory and antimicrobial prop-
erties. In this study, 432-day-old Ross 708 broiler male
chicks were randomly allocated to 6 dietary treatments
to investigate the effect of ginger root extract (GRE) on
immunocompetence and growth performance to 6 wk of
age. Treatment 1 (CON) consisted of chicks fed a corn
—soybean meal (SBM), a base diet without GRE.
Treatment 2 (MX) chicks were given basal diets con-
taining bacitracin methylene disalicylate (BMD) at
0.055 g/kg. Treatments 3 (GRE-0.375%), 4 (GRE-
0.75%), 5 (GRE-1.5%), and 6 (GRE-3%) were fed
similar diet to control with GRE supplemented at
0.375%, 0.75%, 1.5%, and 3%, respectively. Moreover,
HPLC analysis of GRE was carried out to determine the
concentration of bioactive compounds found in GRE.
Each treatment consisted of 6 replicate pens with
12 chicks/pen. Bodyweight (BW) and feed conversion
ratio (FCR) were recorded. Results show that the con-
centration of bioactive compounds increased with
increasing GRE supplementation. Likewise, dietary

GRE supplementation did not have any detrimental
effect on growth performance parameters up to 1.5%, as
values for BWG was not different from CON and MX;
however, 3% GRE had the poorest FCR and a lower
BWG as compared to other treatments. On d 27 and d
41, fecal and cecal concentrations of total bacteria count
(TBC), Escherichia coli, Lactobacillus spp., and Bifido-
bacterium spp enumerated using selective plating media
showed that GRE supplementation significantly reduced
(P < 0.05) the amount of TBC and E. coli but increased
the number of beneficial microorganisms such as Lacto-
bacillus spp. and Bifidobacterium spp. On d 20, no signif-
icant differences were observed (P > 0.05) among all
treatments for antibody titer against Newcastle disease
virus and total IgY antibodies; however, on d 27, GRE-
0.75% had the highest value for both immune indicators
and was not different from MX. Dietary supplementa-
tion of GRE up to 1.5% enhanced the immune system
and suppressed FE. coli while promoting the growth of
healthy bacteria, without any detrimental effect on
growth performance.
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INTRODUCTION

The poultry industry is growing at a fast pace, but
such growth is limited by challenges caused by diseases
of economic importance such as salmonellosis and infec-
tious bronchitis (Agunos et al., 2016; Fasina et al., 2021;
Adetunji et al., 2022; Biagini et al., 2022). Most espe-
cially, they affect humans through the consumption of
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undercooked eggs or poultry meat and other products
(Kimura et al., 2004; Feye et al., 2020). The gastrointes-
tinal tract of poultry contains an extensive microbial
population. While some of these bacteria are nonpatho-
genic, some microorganisms within the population may
become opportunistic pathogens during certain condi-
tions (Aruwa et al., 2021). Therefore, to ensure the sus-
tainability of the poultry industry, it is essential to
mitigate the effects of pathogenic diseases.

Over the years, dietary supplementation of growth-
promoting antibiotics has become a common commercial
practice resulting in financial gain and low cost of
poultry products. Bacitracin has been used to improve
feed conversion and growth rate, and combat many
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infectious diseases of poultry (Proctor and Phillips,
2019). However, public concern about antibiotic resis-
tance in humans has resulted in the decline in the use of
antibiotics in animal feed (Lhermie et al., 2017; Kim and
Lillehoj, 2019). Tt is therefore imperative that alterna-
tives to dietary supplementation of antibiotics be found
that maintain gut health, promote growth, and limit
foodborne pathogens so as to minimize the risk of the
emergence of antibiotic resistant disease (Yadav and
Jha, 2019). Alternatives to antibiotics include the use of
phytonutrients and herbs that serve as natural antimi-
crobial agents when incorporated into animal diets
(Patra et al., 2019). These phytogenic additives contain
bioactive constituents that are capable of improving
growth performance, energy availability, nutrient
digestibility, immune function, and stabilizing gut
microbiome (Patra et al., 2019).

Ginger (Zingiber officinale Roscoe, Zingiberaceae) rhi-
zome is a spice and has also been used in traditional
medicine (Mohamad et al., 2019). In addition, it con-
tains bioactive compounds such as shogaols, gingerols,
gingerdione, and phenolic ketone derivatives (Prasad
and Tyagi, 2015). Studies on the use of ginger and its
bioactive compounds have reported its antiapoptotic,
antioxidant, immunomodulatory, anti-inflammatory,
antilipidemic, and antitumorigenic properties (Mash-
hadi et al., 2013; Bischoff-Kont and Fiirst, 2021). Fur-
thermore, ginger has been reported to stimulate gastric
juice secretion and the overall activities of the digestive
system and consequently enhance nutrient digestion and
absorption, as well as cell viability (Anh et al., 2020).
However, little information in the scientific literature is
available on the immune-enhancing effects of dietary
GRE in poultry production. This study evaluated the
comparative effects of dietary ginger root extract
(GRE; 0.375%—3%) and bacitracin methylene disalicy-
late (BMD) antibiotic (0.055 g/kg diet) on growth per-
formance, innate immunity (differential leukocyte
counts), humoral adaptive immunity (i.e., circulating
antibody concentrations), cell-mediated adaptive immu-
nity (delayed-type hypersensitivity [DTH]| reaction),
and indicator pathogenic (i.e., Escherichia coli) and
healthy (i.e., Lactobacillus spp. and Bifidobacterium)
fecal microorganisms in broiler chickens.

MATERIALS AND METHODS

The animal care and use procedures were approved by
the Institutional Animal Care and Use Committee
(IACUC) of North Carolina Agricultural and Technical
State University.

Experimental Design, Diet, and Bird
Management

In a 6-wk experiment, day-old Ross 708 broiler male
chicks (432) were randomly allocated to 6 treatments,
CON, MX, 3.75 g/kg, 7.5 g/kg, 15 g/kg, and 30 g/kg in
a completely randomized design (Table 1). Treatment 1

(CON) consisted of chicks fed a corn—soybean meal
(SBM)-based diet. Treatment 2 (MX) consisted of
chicks fed a similar diet that contained BMD (Zoetis
Services LLC, Parsipanny, NJ) added at 0.055 g/kg
diet. Treatments 3 (GRE-1), 4 (GRE-2), 5 (GRE-3),
and 6 (GRE-4) consisted of chicks fed a diet similar to
the unmedicated control, but with GRE added at
0.375 g/kg, 0.75 g/kg, 1.5 g/kg, and 3 g/kg level of the
diet, respectively. The GRE used in this study was a gift
from Sabinsa Corporation (East Windsor, NJ) and its
bioactive compounds were analyzed to determine con-
tent in each experimental diet (Table 3). Subsequent to
mixing, all feed were steam conditioned to 85°C (Model
C15LL4/F6, California Pellet Mill, Crawfordsville, IN)
and then pelleted using a 30 HP pellet mill (Model
PM1112-2, California Pellet Mill, Crawfordsville, IN)
equipped with a 4.4 x 35.2 mm pellet mill die. Starter
feeds were fed as crumbles from placement to 21 d.
Grower feeds were fed as whole pellets from d 22 to 42.

Each treatment consisted of 6 replicate pens, with
each housing 12 chicks. The temperature was set at 92°F
fromd 1tod 7, 87°F from d 8 to d 21, and 77°F from d
22 to d 42. Photoperiod consisted of continuous (23L:
1D) lighting at 30 lux from placement to 21 d and then
reduced to 12L: 12D lighting from d 22 d to 42 d. As the
chicks grew, light intensity was gradually reduced until
it reached 5 lux during the last week of the experiment.
All experimental diets (Tables 1 and 2) were formulated
to meet or slightly exceed nutrient requirements recom-
mended in the Ross broiler nutrition specification hand-
book (Aviagen, 2022). Birds were allowed ad libitum
access to feed and water throughout the 42-d experi-
ment.

Determination of the Concentrations of Major
Bioactive Ginger Compounds in
Experimental Diets

An HPLC ESA electrochemical detector (ECD)
(ESA, Chelmsford, MA) consisting of an ESA model 584
HPLC pump, an ESA model 542 autosampler, an ESA
organizer, and an ESA ECD coupled with 2 ESA model
6210 four sensor cells was used for analyzing the extract
of ginger in different diets. A Gemini C18 column
(150 x 4.6 mm, 5 pum; Phenomenex, Torrance, CA) was
used for chromatographic analysis at a flow rate of
1.0 mL/min. The mobile phases consisted of solvent A
(30 mM sodium phosphate buffer containing 1.75% ace-
tonitrile and 0.125% tetrahydrofuran, pH 3.35) and sol-
vent B (15 mM sodium phosphate buffer containing
58.5% acetonitrile and 12.5% tetrahydrofuran, pH 3.45).
The gradient elution had the following profile: 5% sol-
vent B from 0 to 3 min; 5%—40% solvent B from 3 to 10
min; 40%—80% solvent B from 10 to 40 min; 80%—100%
solvent B from 40 to 50 min; 100% solvent B from 50 to
52 min; and then balance to 5% solvent B from 52 to
54 min and keep for 6 min. The cells were then cleaned
at a potential of 1,000 mV for 1 min. The injection vol-
ume of the sample was 10 uL. The eluent was monitored
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Table 1. Composition of experimental starter diets (% “as is”)."

Ingredients Control diet BMD diet GRE 0.375% GRE-0.75% GRE-1.5% GRE-3%
Corn 51.46 51.45 55.72 56.34 55.90 59.40
Soybean meal (48%) 40.39 40.39 40.23 40.08 39.78 39.17
Ginger root extract (GRE) 0.38 0.75 1.50 3.00
Poultry fat 3.64 3.64 3.63 3.61 3.59 3.53
Limestone 1.07 1.07 1.07 1.06 1.05 1.04
Mono-dicalcium phosphate 2.03 2.03 2.02 2.01 1.99 1.97
Sodium chloride 0.40 0.40 0.40 0.40 0.39 0.39
Sodium bicarbonate 0.02 0.02 0.02 0.02 0.02 0.02
L-Lysine HC1 98% 0.13 0.13 0.13 0.13 0.13 0.13
DL-Methionine 99.0% 0.34 0.34 0.34 0.33 0.33 0.33
L-Threonine 98.5% 0.11 0.11 0.11 0.11 0.11 0.11
NCSU Poultry Vitamin Premix” 0.05 0.05 0.05 0.05 0.05 0.05
NCSU Poultry Mineral Premix® 0.20 0.20 0.19 0.20 0.20 0.19
Bacitracin (antibiotic, g/kg) 0.055

Choline chloride 60% 0.10 0.10 0.10 0.10 0.10 0.10
Selenium Premix* 0.05 0.05 0.05 0.05 0.05 0.05
Analyzed nutrient composition”

Metabolizable energy (Kcal/kg) 3,150 3,155 3131 3197 3142 3201
Crude protein, % 23.13 24.88 23.69 24.69 23.69 23.63
Crude fat, % 5.15 5.47 10.71 5.30 6.00 6.87
Crude fiber, % 2.5 2.7 2.3 2.4 2.6 2.4
Ash, % 5.59 5.46 5.21 5.47 5.67 5.47
Calculated nutrient composition

Total sulfur amino acids, % 1.03 1.03 1.03 0.94 0.95 0.92
Lysine, % 1.42 1.42 1.41 1.26 1.25 1.23
Calcium, % 0.96 0.96 0.96 0.74 0.74 0.73
Available phosphorus, % 0.48 0.48 0.48 0.44 0.43 0.43

!Diets used in this study included the following: 1) unmedicated corn—soybean meal (SBM) basal without GRE (Control (CON) diet); 2) unmedicated
corn—SBM basal into which bacitracin methylene disalicylate (BMD) was added at 0.055 g/kg diet (MX diet); and 3) GRE-1, GRE-2, GRE-3, and GRE-
4 diets into which GRE was incorporated into unmedicated corn—SBM basal at 0.375%, 0.75%, 1.5%, and 3.0% level, respectively. Each of these 6 diets
was separately formulated for the Starter (D 1-21) phase of broiler production cycle.

2Vitamin Premix, supplied per kilogram of diet: vitamin A (6,600 TU), vitamin D (1,980 TU), vitamin E (33 IU), vitamin B12 (0.02 mg), biotin (0.13
mg), menadione (1.98 mg), thiamine (1.98 mg), riboflavin (6.60 mg), d-Pantothenic acid (11.0 mg), vitamin B6 (3.96 mg), niacin (55.0 mg), folic acid (1.1

mg

cobalt (Co), 0.5 mg.

*Mineral Premix, supplied per kilogram of diet: manganese (Mn), 60 mg; zinc (Zn), 60 mg; iron (Fe), 40 mg; copper (Cu), 5 mg; iodine (I), 1.2 mg;

“Experimental diets were analyzed for proximate nutrient composition by Eurofins Scientific Inc. Nutrient Analysis Center, 2200 Rittenhouse Street,

Sui;ce 150, Des Moines, IA.

Selenium Premix provides 0.3 mg Selenium /kg of feed as sodium selenite.

by the Coulochem electrode array system (ESA) with
potential settings at 100, 200, 300, 400, 450, 500, 550,
and 600 mV. Quantification was performed with an
external standard. The peak areas of ginger compounds
at 300 mV channel were picked and their concentrations
were calculated according to their linear curves.

Growth Performance

Bodyweight (BW), body weight gain (BWG), and
feed intake (FI) of chicks were recorded on d 7, d 21,
and d 42 for the evaluation of broiler growth perfor-
mance. From these data, the feed conversion ratio
(FCR) was calculated. Mortality was also recorded
daily throughout the 42-d experiment.

Blood Collection and Plasma Harvest

On d 20 and d 27 of experiment, 2 birds were ran-
domly taken from each pen (totaling 12 birds/treat-
ment), and blood was collected from the brachial (wing)
vein using a sterile 23 gauge 1” needle attached to prela-
beled sterile Ethylenediaminetetraacetic acid vacutainer
tubes. Thereafter, the blood samples were centrifuged at

1,500 x ¢ for 10 min to recover plasma. The plasma
(supernatant) was collected and stored in 1.5 mL Eppen-
dorf tubes at —80°C until time to determine total IgY
concentration and antibody titers to Newcastle disease
virus (NDV).

Differential Leukocyte Count Analysis

On d 25, blood was collected from 2 chicks per pen
(totaling 12 birds/treatment) for differential leukocyte
counts (DLC) analysis. Specifically, sterile 23 gauge 1”
needle were used to collect 2 mL of blood from the bra-
chial vein into sterile prelabeled Ethylenediaminetetra-
acetic acid (anticlotting agent)-coated blood collection
tubes. Thereafter, a thin smear of each blood sample
was created on glass slides that were subsequently
stained using the HEMA 3 Wright-Giemsa staining kit
(Fisher Scientific, Pittsburgh, PA) according to manu-
facturer’s instruction. The smear on each slide was air-
dried and a drop of immersion oil was added onto each
slide for viewing under the microscope (100x magnifica-
tion) (Leica DME Side by Side Pathology 2x, Leica
microsystems). Leukocytes (100 per slide) were counted,
and the percentage of heterophil and lymphocyte was
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Table 2. Composition of experimental grower diets (% “as is”)."

Ingredients Control diet BMD diet GRE-0.375% GRE-0.75% GRE-1.5% GRE-3%
Corn 56.77 56.76 56.55 56.34 55.91 55.06
Soybean meal (48%) 35.43 35.43 35.29 35.16 34.89 34.37
Ginger root extract (GRE) 0.38 0.75 1.50 3.00
Poultry fat 4.00 4.00 3.98 3.97 3.94 3.88
Limestone 0.64 0.64 0.64 0.64 0.63 0.62
Mono-dicalcium phosphate 1.84 1.84 1.83 1.83 1.81 1.80
Sodium chloride 0.40 0.40 0.40 0.40 0.39 0.39
Sodium bicarbonate 0.02 0.02 0.02 0.02 0.02 0.19
L-Lysine HC1 98% 0.11 0.11 0.11 0.11 0.11 0.11
DL-Methionine 99.0% 0.30 0.30 0.30 0.30 0.30 0.29
L-Threonine 98.5% 0.09 0.09 0.09 0.09 0.09 0.09
NCSU Poultry Vitamin Premix” 0.05 0.05 0.05 0.05 0.05 0.05
NCSU Poultry Mineral Premix” 0.20 0.20 0.20 0.20 0.20 0.19
Bacitracin (antibiotic, g/kg) 0.055

Choline chloride 60% 0.10 0.10 0.10 0.10 0.10 0.10
Selenium Premix* 0.05 0.05 0.05 0.05 0.05 0.05
Analyzed nutrient composition”

Metabolizable energy (Kcal/kg) 3109 3232 3131 3197 3142 3201
Crude protein, % 22.13 22.94 23.69 22.00 21.94 20.88
Crude fat, % 5.36 8.22 5.80 6.57 6.61 7.31
Crude fiber, % 2.6 2.6 2.6 2.6 2.7 2.7
Ash, % 5.18 5.19 5.46 5.35 5.03 4.82
Calculated nutrient composition

Total sulfur amino acids, % 1.03 1.03 1.03 0.94 0.94 0.91
Lysine, % 1.42 1.42 1.40 1.26 1.25 1.23
Calcium, % 0.96 0.96 0.96 0.74 0.74 0.73
Available phosphorus, % 0.48 0.48 0.48 0.44 0.43 0.43

!Diets used in this study included the following: 1) unmedicated corn—soybean meal (SBM) basal without GRE (Control (CON) diet); 2) unmedicated
corn—SBM basal into which bacitracin methylene disalicylate (BMD) was added at 0.055 g/kg diet (MX diet); and 3) GRE-1, GRE-2, GRE-3, and GRE-
4 diets into which GRE was incorporated into unmedicated corn—SBM basal at 0.375%, 0.75%, 1.5%, and 3.0% level, respectively. Each of these 6 diets
was separately formulated for the Grower (D 22—42) phase of broiler production cycle.

2Vitamin Premix, supplied per kilogram of diet: vitamin A (6,600 TU), vitamin D (1,980 TU), vitamin E (33 IU), vitamin B12 (0.02 mg), biotin (0.13
mg), menadione (1.98 mg), thiamine (1.98 mg), riboflavin (6.60 mg), d-Pantothenic acid (11.0 mg), vitamin B6 (3.96 mg), niacin (55.0 mg), folic acid (1.1

mg

cobalt (Co), 0.5 mg.

*Mineral Premix, supplied per kilogram of diet: manganese (Mn), 60 mg; zinc (Zn), 60 mg; iron (Fe), 40 mg; copper (Cu), 5 mg; iodine (I), 1.2 mg;

“Experimental diets were analyzed for proximate nutrient composition by Eurofins Scientific Inc. Nutrient Analysis Center, 2200 Rittenhouse Street,

Sui;ce 150, Des Moines, IA.

Selenium Premix provides 0.3 mg Selenium /kg of feed as sodium selenite.

calculated in addition to the heterophil:lymphocyte
ratio (Thiam et al., 2022).

Determination of Total IgY Concentration
and Antibody Titers to NDV

Plasma samples were thawed on ice and assayed for
total IgY concentration and antibody titers to NDV.
Plasma IgY concentrations and NDV-specific antibody
titers were determined using commercial sandwich
ELISA kit (450 nm; Bethyl Laboratory, Montgomery,
TX) and NDV ELISA kit (405 nm; BioChek, Scarbor-
ough, ME), respectively, according to manufacturer’s
instructions. The IgY concentrations and NDV titers

were determined relative to standard curve and
expressed as nanograms per milliliter plasma and sample
to positive ratio (S/P ratio), respectively.

Evaluation of Phaseolus Vulgaris Lectin-
Induced Cutaneous DTH

On d 25, the DTH analysis was performed on
2 birds/replicate pen, totaling 8 birds per treatment.
Prior to injecting PHAP on d 24, a constant tension
micrometer caliper was used to measure the thickness
of the toe web between the second and third digits of
both feet to get the initial preinjection reading.
Thereafter, 100 uL of Phaseolus vulgaris (red kidney

Table 3. The concentration of 6 major ginger compounds in different diets supplemented with GRE.

6-shogaols (%) 8-shogaols (%) 10-shogaols (%)

Starter 6-gingerols (%) 8-gingerols (%) 10-gingerols (%)
0.375% diet 0.048 0.0052 0.013
0.75% diet 0.066 0.011 0.022
1.5% diet 0.13 0.039 0.063
3.0% diet 0.15 0.052 0.084
Grower

0.375% diet 0.04 0.0082 0.014
0.75% diet 0.089 0.017 0.022
1.5% diet 0.12 0.035 0.056
3.0% diet 0.23 0.059 0.10

0.0087 0.003 0.0084
0.017 0.0062 0.017
0.069 0.0374 0.081
0.078 0.047 0.098
0.0099 0.0028 0.0062
0.028 0.0051 0.013
0.053 0.023 0.054
0.105 0.037 0.092
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bean) lectin (PHAP; Sigma-Aldrich Inc., St. Louis,
MO) was injected between the second and third dig-
its of the right foot. The left foot (or the control
foot) was injected with 100 uL of sterile PBS. Thick-
ness of the toe web was measured at 24 h postinjec-
tion using a micrometer.

Microbiological Analysis of Indicator
Microorganisms in the Ceca and Feces

On d 27 and d 41, 1 bird/replicate pen was randomly
selected, euthanized by CO, asphyxiation, and asepti-
cally necropsied for the removal of ceca lobes. The ceca
lobes from each bird was placed in a Whirl-Pak filter
bag, weighed, and placed on ice. At the time of analysis,
25 mL 0.1% peptone solution was added into each
Whirl-Pak filter bag, and the content of each bag were
homogenized in a Stomacher 80 Microbiomaster at
medium speed (approx. 230 rpm) for 60 s. Thereafter,
1 mL of filtrate from each Whirl-Pak bag (or sample)
was serially diluted (i.e., serial 10-fold dilutions up to
10°%) in 10 mL peptone solution. Next, 0.1 mL of each
dilution was surface-plated onto Brain Heart Infusion
(BHI,; Beckton Dickinson, Pittsburgh, PA), MacCon-
key (Remel Inc., Lenexa, KS), deMan—Rogosa—Sharpe
(MRS; Oxoid Ltd., Lenexa, KS), and modified Bifido-
bacterium lodoacetate Medium-25 (mBIM-25; HiMe-
dia Labs, Kennett Square, PA) agars to enumerate total
bacteria, E. coli, Lactobacillus spp., and Bifidobacte-
rium, respectively. Plates were incubated at 37°C for 24
h for the total bacteria count and E. coli, whereas MRS
and BIM-25 plates were incubated anaerobically for 48
to 72 h before bacteria counts from all samples were
determined by the plate counting method.

Similarly, on d 27 and d 41, fecal samples (10 g) were
mixed with 90 mL of sterile 0.1% peptone solution and
homogenized using a stomacher at 230 rpm for 1 min.
Thereafter, samples were serially diluted 10-fold in pep-
tone solution and plated on appropriate agar for the

enumeration of total bacteria, FE. coli, Lactobacillus
spp., and Bifidobacterium as described for ceca samples.
The concentration of each indicator bacteria was
expressed as log;y CFU/g ceca content or log,y, CFU/
mL fecal filtrate.

Statistical Analysis

Growth performance, differential leukocyte analysis,
total IgY concentration, antibody titers to NDV, and
DTH data were subjected to 1-way ANOVA (Statistical
Analysis Software, 2004, Version 9.2. SAS Institute Inc.,
Cary, NC). On the other hand, fecal and cecal micro-
biota data were subjected to log;, transformation before
analysis by 1-way ANOVA. Means separation was done
using Duncan’s multiple range test. The results were
expressed as mean £ SEM and the level of statistical sig-
nificance was P < 0.05.

RESULTS

Concentration of Bioactive Compounds
Found in Experimental Diets

The concentration of Shogaols and Gingerols present
in different GRE diets are presented in Table 3. In the
starter and grower diets the concentration of 6-Gingerol
(6G), 8-Gingerol (8G), 10-Gingerol (10G) and, 6-Sho-
gaol (6G), 8-Shogaol (8G), 10-Shogaol (10G) increased
with increasing GRE supplementation (Table 3).

Growth Performance

From d 1 to d 7, BW and BWG were different (P <
0.05) among treatments (Table 4). Compared to the
control and MX, GRE supplementation up to GRE-
1.5% was not different, but GRE-3% had the lowest BW
and BWG (Table 4). There was no difference (P > 0.05)
in FI among all treatments. Furthermore, only GRE-

Table 4. Effect of dietary GRE supplementation on growth performance of broiler chicks (d 1-21).”

Day 1—7 (parameters measured)”

Day 8—21 (parameters mea»sured)'Z

Body weight Body weight gain Feed intake FCR' BW BWG FI FCR'
Treatments' (BW, kg/bird)* (BWG, kg/bird) (FI, kg/bird) (kg:kg) (kg/bird)” (kg/bird) (kg/bird) (kg:kg)
CON 0.137°" 0.097"" 0.118 1.218" 0.819" 0.782" 1.086"" 1.396
MX 0.142°" 0.108"" 0.120 1.108"" 0.816" 0.766"" 1.072°" 1.400
GRE-0.375% 0.145" 0.113" 0.125 1.106™" 0.829" 0.785" 1.116 1.423
GRE-0.75% 0.146" 0.112" 0.121 1.080" 0.823" 0.778" 1.095" 1.401
GRE-1.5% 0.138"" 0.105™" 0.117 1.120™ 0.796™" 0.750"" 1.061"" 1.423
GRE-3% 0.125" 0.092" 0.111 1.210" 0.735" 0.695" 1.006" 1.448
SEM 0.004 0.004 0.004 0.028 0.019 0.0207 0.155 0.014
P-value 0.0273 0.0042 0.3341 0.0043 0.0131 0.0105 0.0146 0.5069

*PMean values bearing different superscript letters within a column are significantly different (P <0.05). n =12 birds per treatment.

"Treatment CON consisted of chicks fed unmedicated corn—soybean meal (SBM) basal without GRE; Treatment MX consisted of chicks given unmed-
icated corn—SBM basal into which bacitracin methylene disalicylate (BMD) was added at 0.055 g/kg diet; Treatment GRE-0.375% consisted of chicks
given unmedicated corn—SBM basal into which GRE was added at 0.375% level; Treatments GRE-0.75%, GRE-1.5%, and GRE-3%, consisted of chicks
that were given diets similar to GRE-0.375% at 0.75%, 1.5%, and 3%, respectively.

?Values represent the mean of 6 replicate pens per treatment.
*Values are based only on weight of live birds.

YFCR = feed conversion ratio calculated as feed-to-gain ratio and adjusted for mortality by including the gains of dead birds in the calculations.

’Cummulative = growth performance data from d 1 to 21
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Table 5. Effect of dietary GRE supplementation on growth performance of broiler chicks (d 22—42).

Day 22—42 (parameters measured)” Cumulative: Day 1—42 (parameters measured)”

Body weight Body weight gain Feed intake

Treatments' (BW, kg/bird)* (BWG, kg/bird) (FI1,kg/bird) ~ FCR' (kg:kg)  BWG (kg/bird) FI (kg/bird) FCR* (kg:kg)
CON 3.266" 2.453"" 4.403 1.797" 3.230"" 5.490 1.702"
MX 3.325" 2.533"" 4.428 1.747" 3.310"" 5.500 1.662"
GRE-0.375% 3.376" 2.580" 4.522 1.750" 3.375° 5.637 1.669"
GRE-0.75% 3.273" 2.458"" 4503 1.832" 3.260"" 5.597 1.717"
GRE-1.5% 3.143"" 2.348" 4.260 1.814" 3.108"™ 5.327 1.713"
GRE-3% 2.923" 2.191° 4.270 1.952° 2.901° 5.278 1.821°
SEM 0.057 0.059 0.093 0.024 0.072 0.101 0.020
P-value < 0.0001 <0.0001 0.2385 <0.0001 <0.0001 0.1068 < 0.0001

““Mean values bearing different superscript letters within a column are significantly different (P < 0.05). n = 12 birds per treatment.

"Treatment CON consisted of chicks fed unmedicated corn—soybean meal (SBM) basal without GRE; Treatment MX consisted of chicks given unmed-
icated corn—SBM basal into which bacitracin methylene disalicylate (BMD) was added at 0.055g/kg diet; Treatment GRE-0.375% consisted of chicks
given unmedicated corn-SBM basal into which GRE was added at 0.375% level; Treatments GRE-0.75%, GRE-1.5%, and GRE-3% consisted of chicks

that were given diets similar to GRE-0.375% consisted of chicks that were given diets similar to GRE1 at 0.75%, 1.5%, and 3%, respectively.

%Values represent the mean of 6 replicate pens per treatment.
3Values are based only on weight of live birds.

“FCR = feed conversion ratio calculated as feed-to-gain ratio and adjusted for mortality by including the gains of dead birds in the calculations.

0.75% treatment had superior FCR (1.080) compared to
the CON treatment (Table 4). From d 8 to d 21, only
GRE-3% had lower (P < 0.05) BW (0.735 kg) and BWG
(0.695 kg) compared to CON treatment (BW, 0.819 kg;

Table 6. Effect of GRE on the concentration of indicator micro-
organisms in the ceca of broiler chicks (Log;, CFU/g cecal con-
tent) at d 27.

BWG, 0.782 kg), whereas the values for other treat- Treatments'  Total bacteria E. coli  Lactobacillus  Bifidobacteria
ments were in-between. However, although there were oy 738" 7.94° 6.33° 6.37°
differences in FI among treatments (P < 0.05), FCR val-  Mx 6.73" 7.89" 6.40° 6.46°
ues were not different (P > 0.05; Table 4). From d 22 to gﬁgg?zg}% gg;: ;3}: gég}f gg;{:
-U. (970 . . N .

d 42, Only GRE-S% had IOWer (P < 005) BW (2923 kg) GRE—lﬁ%c 6.40° 6.99"¢ 714" 7.96%
and BWG (2.191 kg) compared to CON treatment  GRE-3% 6.33° 6.63° 6.99" 7.03"
(BW, 3.266 kg; BWG, 2.453 kg), whereas the values for ~ SEM 0.071 0.072 0.031 0.055

P-value 0.0001 0.0001 0.0001 0.0001

other treatments were in-between (Table 5). Although
there were no differences in FI, GRE-3% had the poorest
FRC (1.952) compared to other treatments. Cumulative
growth performance (d 1—42; Table 5) showed that
GRE-3% had lower (P < 0.05) BWG (2.901 kg) and
poorer FCR (1.821) compared to other treatments
(BWG, 3.108—3.375 kg: FCR, 1.662—1.717).

Concentration of Indicator Microorganisms
in the Ceca and Fecal of Broiler Chicks

In Tables 6 to 9, total bacteria and E. coli counts were
highest for CON (7.38 and 7.94 Log;o CFU/g cecal con-
tent and 5.23 and 4.86 Log;o CFU /g cecal contents; 5.51

““Mean values bearing different superscript letters within a column are
significantly different (P < 0.05). n = 12 birds per treatment.

ITreatment CON consisted of chicks fed unmedicated corn—soybean
meal (SBM) basal without GRE; Treatment MX consisted of chicks given
unmedicated corn—SBM basal into which bacitracin methylene disalicy-
late (BMD) was added at 0.055 g/kg diet; Treatment GRE-0.375% con-
sisted of chicks given unmedicated corn—SBM basal into which GRE was
added at 0.375% level; Treatments GRE-0.75%, GRE-1.5%, and GRE-3%
consisted of chicks that were given diets similar to GRE-0.375% consisted
of chicks that were given diets similar to GRE1 at 0.75%, 1.5%, and 3%,
respectively.

Table 7. Effect of GRE on the concentration of indicator micro-
organisms in the ceca of broiler chicks (Log;, CFU/g cecal con-
tent) at d 41.

Treatments'  Total bacteria  E. coli  Lactobacillus  Bifidobacteria
and 4.69 Log;y CFU /g fecal contents and 5.23 and 4.86 coN 593" 1.86° 4.12° 4.09
Logm CFU/g fecal conteqts at d 27 and d 41, respec- ¢ 459 £ 93¢ 465 4750
tively). Specifically, E. coli counts gradually reduced (P GRE-0.375% 4.57" 4.43" 5.20" 4.94"
. . . . . b c > ab
< 0.05) with increasing concentration of dietary GRE. ggg?;;% jggh ﬁi"“ i-ggl) i?g*‘:’
. . ~-1.970 . . . .
On. the other hand, the concentrations of bengﬁaal bac-  CREsu 4350 409° A5 458"
teria evaluated, namely Lactobacillus and Bifidobacte- SEM 0.073 0.022 0.033 0.059
P-value 0.0001 0.0001 0.0001 0.0001

ria, were higher in both ceca content and feces of MX
and all GRE-supplemented diets (P < 0.05) compared
to CON treatment.

Differential Leukocyte Counts

Data showing the influence of dietary GRE supple-
mentation on differential leukocyte counts is presented
in Table 10. On d 6, only GRE-0.75% treatment had

“*Mean values bearing different superscript letters within a column are
significantly different (P < 0.05). n = 12 birds per treatment.

ITreatment CON consisted of chicks fed unmedicated corn—soybean
meal (SBM) basal without GRE; Treatment MX consisted of chicks given
unmedicated corn—SBM basal into which bacitracin methylene disalicy-
late (BMD) was added at 0.055g/kg diet; Treatment GRE-0.375% con-
sisted of chicks given unmedicated corn—SBM basal into which GRE was
added at 0.375% level; Treatments GRE-0.75%, GRE-1.5%, and GRE-3%
consisted of chicks that were given diets similar to GRE-0.375% consisted
of chicks that were given diets similar to GRE1 at 0.75%, 1.5%, and 3%,
respectively.
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Table 8. Effect of GRE on the concentration of indicator micro-
organisms in the ceca of broiler chicks (Logyy CFU/g feces) at d
27.

Treatments'  Total bacteria  E. coli  Lactobacillus  Bifidobacteria
CON 5.51° 4.69" 4.14¢ 4.10¢

MX 4.68" 4.29 451° 4.68"
GRE-0.375% 4.89" 455" 5.13" 5.08"
GRE-0.75% 4.66" 435" 4.91" 4.84""
GRE-1.5% 457" 415 4.62° 4.86""
GRE-3% 4.34¢ 4.09" 4.46¢ 4.45¢
SEM 0.098 0.052 0.050 0.062
P-value 0.0001 0.0001 0.0001 0.0001

*d\[ean values bearing different superscript letters within a column are
significantly different (P < 0.05). n = 12 birds per treatment.

ITreatment CON consisted of chicks fed unmedicated corn—soybean
meal (SBM) basal without GRE; Treatment MX consisted of chicks given
unmedicated corn—SBM basal into which bacitracin methylene disalicy-
late (BMD) was added at 0.055 g/kg diet; Treatment GRE-0.375% con-
sisted of chicks given unmedicated corn—SBM basal into which GRE was
added at 0.375% level; Treatments GRE-0.75%, GRE-1.5%, and GRE-3%
consisted of chicks that were given diets similar to GRE-0.375% consisted
of chicks that were given diets similar to GRE1 at 0.75%, 1.5%, and 3%,
respectively.

Table 9. Effect of GRE on the concentration of indicator micro-
organisms in the ceca of broiler chicks (Log;y CFU/g feces) at d
41.

Treatments'  Total bacteria  E. coli  Lactobacillus  Bifidobacteria
CON 5.23" 4.86" 4.12° 4.09°

MX 452" 4.23% 4.65" 475"
GRE-0.375% 457" 4.43° 5.20" 4.94°
GRE-0.75% 4.58" 4.29° 4.70" 4.82""
GRE-1.5% 455" 4.14% 4.63" 470"
GRE-3% 4.35" 4.09° 457" 4.58"
SEM 0.073 0.022 0.033 0.059
P-value 0.0001 0.0001 0.0001 0.0001

““Mean values bearing different superscript letters within a column are
significantly different (P < 0.05). n = 12 birds per treatment.

"Treatment CON consisted of chicks fed unmedicated corn—soybean
meal (SBM) basal without GRE; Treatment MX consisted of chicks given
unmedicated corn—SBM basal into which bacitracin methylene disalicy-
late (BMD) was added at 0.055 g/kg diet; Treatment GRE-0.375% con-
sisted of chicks given unmedicated corn—SBM basal into which GRE was
added at 0.375% level; Treatments GRE-0.75%, GRE-1.5%, and GRE-3%
consisted of chicks that were given diets similar to GRE-0.375% consisted
of chicks that were given diets similar to GRE1 at 0.75%, 1.5%, and 3%,
respectively.

lower percentage of heterophils (41%; P < 0.05) com-
pared to MX (61.67%), but this difference was no longer
apparent by d 13. On d 6 and d 13, percentage of

lymphocytes was higher for GRE-0.375% (d 6, 23%; d
13, 28%; P < 0.05) compared to MX (d 6, 11.33%; d 13,
15%), whereas the percentages for other treatments
were in-between. On d 6, only GRE-0.75% had higher H:
L ratio (0.566; P < 0.05) compared to MX (0.189), and
on d 13, only GRE-1.5% had higher H:L ratio (0.600; P
< 0.05) compared to MX (0.286). This suggests that
GRE influences the bird’s hematological defense mecha-
nism (Table 10).

Plasma Total IgY Concentration and NDV-
Specific Antibody Titer

Total plasma IgY concentrations on d 20 and d 27 of
experiment are presented in Figures 1A and 1B, respec-
tively. On d 20, GRE-supplemented group had plasma
IgY concentrations that were not different (P > 0.05)
from that of MX. However, by d 27, GRE-1.5% (40,838
ng/mL) and GRE-3% (25,286 ng/mL) showed lower
IgY concentrations (P < 0.05) compared to MX treat-
ment (1,242,781 ng/mL Figure 1B). These results indi-
cate that only dietary GRE up to 0.75% level had
comparable efficacy to MX in enhancing plasma IgY
concentrations.

Antibody titer to NDV was measured to determine
the influence of dietary GRE concentrations on humoral
adaptive immune response to NDV vaccination. Results
at d 20 showed no difference (P > 0.05) among the treat-
ments (Figure 2A). However, by d 27, the GRE-0.75%
treatment had a higher NDV-specific antibody titer (P
< 0.05) than CON treatment, whereas the titers for
other treatments were in-between (Figure 2B).

DTH Reaction

On d 24, DTH evaluation was carried out to assess the
efficacy of the cell-mediated immune response of the
birds. At 24 h post-PHAP injection, birds in the dietary
treatments that had GRE supplementation up to 1.5%
had higher toe web swelling (GRE-0.375%-0.96 mm;
GRE-0.75%-0.97 mm; and GRE-1.5%-1.02 mm; P <
0.05) compared to CON (0.25 mm), but were not differ-
ent from MX (0.72 mm). This suggests that dietary

Table 10. Effect of dietary GRE supplementation on differential leukocyte counts in broiler chicks (d 6 and 13).

Day 6 (parameters measured)2

Day 13 (parameters measured)2

Treatments' Heterophil (%) Lymphocyte (%) H:L ratio Heterophil (%) Lymphocyte (%) H:L ratio
CON 54.00"" 13.50*" 0.264" 51.67 18.00" 0.357°"
MX 61.67" 11.33" 0.189" 56.33 15.00° 0.286"
GRE-0.375% 53.00"b 23.00" 0.443"" 54.33 28.00" 0.531""
GRE-0.75% 41.00" 292.33"" 0.566" 43.33 25.17"" 0.597""
GRE-1.5% 48.50"" 18.83"" 0.410"" 45.00 25.17"" 0.600"
GRE-3% 54.67"" 19.17*" 0.371"" 45.00 24,50 0.565""
SEM 3.317 2.560 0.062 3.308 2.265 0.697
P-value 0.0043 0.0155 0.0031 0.0345 0.0022 0.0076

““Mean values bearing different superscript letters within a column are significantly different (P < 0.05). n = 12 birds per treatment.

'Treatment CON consisted of chicks fed unmedicated corn—soybean meal (SBM) basal without GRE; Treatment MX consisted of chicks given unmed-
icated corn—SBM basal into which bacitracin methylene disalicylate (BMD) was added at 0.055 g/kg diet; Treatment GRE-0.375% consisted of chicks
given unmedicated corn—SBM basal into which GRE was added at 0.375% level; Treatments GRE-0.75%, GRE-1.5%, and GRE-3% consisted of chicks

that were given diets similar to GRE-0.375% consisted of chicks that were given diets similar to GRE1 at 0.75%, 1.5%, and 3%, respectively.
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Figure 1. Effect of dietary ginger root extract on plasma IgY concentration (A) d 20 and (B) d 27. The data are expressed as means + SEM,
with n = 12 per treatment; a, b means without a common superscript are different. Statistically significant differences are indicated with P < 0.05.
GRE-1, GRE-2, GRE-3, and GRE-4 consisted of chicks fed diets supplemented with ginger root extract at 0.375 g/kg, 0.75 g/kg, 1.5 g/kg, and

3 g/kg level of the diet, respectively.
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Figure 2. Effect of dietary ginger root extract on NDV antibody titers (A) d 20 and (B) d 27. The data are expressed as means = SEM, with
n = 12 per treatment; a, b means without a common superscript are different. Statistically significant differences are indicated with P < 0.05. GRE-
1, GRE-2, GRE-3, and GRE-4 consisted of chicks fed diets supplemented with ginger root extract at 0.375 g/kg, 0.75 g/kg, 1.5 g/kg, and 3 g/kg level
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Figure 3. Effect of dietary ginger root extract on delayed-type hypersensitivity response (24 h post-PHAP injection). The data are expressed as
means = SEM, with n = 12 per treatment; a, b means without a common superscript are different. Statistically significant differences are indicated
with P < 0.05. GRE-1, GRE-2, GRE-3, and GRE-4 consisted of chicks fed diets supplemented with ginger root extract at 0.375 g/kg, 0.75 g/kg,
1.5 g/kg, and 3 g/kg level of the diet, respectively.
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supplementation of GRE up to 1.5% level of the diet
boosted cell-mediated immune response (Figure 3).

DISCUSSION

Despite the beneficial effect of antibiotics in improv-
ing chicken growth performance through modulation of
the gut microbiota, their use has been limited and
banned in some countries. In the present study, we
showed that bioactive compounds, such as gingerols and
shogaols, are present in GREs and their concentration is
dependent on the level of supplementation in the diet.
Because GRE contains compounds that perform biologi-
cal functions, we supplemented GRE in broiler diet in a
bid to investigate the effects of GRE on growth perfor-
mance, its role in immune competence as well as its
pharmacological properties at different levels of supple-
mentation.

Some studies have reported the use of some natural
herbs that contain bioactive compounds in the replace-
ment of antibiotics in animal feeds (Abdel-Wareth et al.
2012; Dhama et al., 2015). In other animal studies, GRE
influences growth and biological activities when con-
sumed as it prevents the generation of free radicals, reg-
ulate inflammation, and enhances digestive enzyme
activity and cell viability (Platel and Srinivasan, 2000;
Penna et al., 2003). However, there have been discrepan-
cies in reports on the effect of ginger on growth perfor-
mance parameters. For instance, Bamidele and
Omidiran (2012) reported a decrease in growth rate
with the use of ginger during the starter growth phase
when ginger was added to broiler feed at 20 and 60 g/kg,
but Ademola et al. (2004) observed that the addition of
5, 10, or 15 g/kg of ginger to broiler diet improved
growth performance slightly. Interestingly, our study
showed that the effects of GRE supplementation up to
1.5% level on BW, BWG, and FCR was not different
from that of the CON treatment. However, dietary GRE
inclusion level beyond 1.5% resulted in poorer growth
performance parameters. This suggests that the varied
reports with the use of ginger was a result of the level of
inclusion of ginger in the diets, as phytotoxicity set in at
a higher supplementation rate. Moreover, the increase
observed in the performance parameters with supple-
mentation of GRE up to 1.5% was not different from
that of the bacitracin-supplemented diet (MX).

Gut bacteria population includes a diverse and com-
plex microbiota involved in digestion and absorption of
nutrients, immune system development, and pathogen
exclusion (Shang et al., 2018). Studies have shown that
ginger suppresses the growth and proliferation of bacte-
ria that colonize the digestive tract. According to Yadu-
fashije et al. (2020), ginger extract can be used to treat
infections as it inhibits the growth of bacteria in the
digestive system in humans. Its bacteria growth inhibi-
tory effect was also reported for Helicobacter pylori and
oral pathogens such as Porphyromonas spp (Guerra et
al., 2022; Park et al., 2008). We also observed similar
findings that the use of GRE supplementation in broiler

diet reduced the concentration of pathogenic E. coli and
overall total bacteria count in both the cecal content
and feces of the broiler chickens. According to Tintu et
al. (2012) and Mahady et al. (2003), 10-gingerol and 6-
gingerol are influential in mitigating and inhibiting the
growth of these microbes. Intriguingly, higher levels of
beneficial Lactobacillus spp. and Bifidobacterium were
observed in our study. This aligns with Babu et al.
(2018) that ascribed the growth-promoting potential of
ginger extracts to the increase in beneficial bacteria such
as Lactobacillus and Bifidobacterium on the bioactive
compound constituents. Dietary addition of Z. officinale
improved the population of beneficial bacteria, such as
lactic acid bacteria in the small intestine mainly jejunum
(Tekeli et al., 2011). The relationship between the
increase in these beneficial bacteria in the gut and
improvement in overall health and growth performance
of livestock and humans has been widely reported. More
so, the presence of oligosaccharides in bioactive com-
pounds has been reported to be responsible for their con-
tribution to the increase of beneficial bacteria in the gut
(Markowiak and Slizewska, 2017; Kondapalli et al.,
2022).

White blood cells and other functionally related cells
are saddled with the responsibility of stimulating an
effective immune response to stimuli (Farag and Alaga-
wany, 2018; Thiam et al., 2021). According to Tan and
Vanitha (2004), essential oils extracted from ginger
improved the phagocytic activity of heterophils. Like-
wise, Al-Khalaifah et al. (2022) reported an increase in
WBC with an increased level of ginger in the diet at 5
wk. However, Ademola et al. (2007) reported a different
finding, stating that ginger given to chickens at a con-
centration level of 1.0% resulted in a significant decrease
in the total number of WBCs. In this study, the MX
treatment had higher percentage of circulating hetero-
phils compared to the GRE-treatments, but the reverse
was the case for the percentage of circulating lympho-
cytes. It can be speculated that differences exist in the
molecular mechanisms by which MX and GRE enhance
immune surveillance in the body.

NDV antibody titers show the level of protection of
the birds since the birds were vaccinated against
Newcastle disease at the hatchery. Although at d 20,
the NDV antibody titers was not different among
treatments, by d 27, the GRE-0.75% group had
higher antibody titers against NDV (P < 0.05) com-
pared to control. An increase in the level of circulat-
ing plasma antibodies has been reported to be
synonymous with an increase in the protection of the
host against many enteric viral diseases (Zhu et al.,
2019). Accordingly, the elevated IgY concentration
and NDV antibody titers in the GRE-0.75% treat-
ment suggests that birds in this treatment had a
higher level of protection against NDV. Furthermore,
GRE supplementation up to 1.5% supplementation
level increased the delayed-type hypersensitivity
response, which is a measure of immune responsive-
ness to sensitization (Vohr, 2005). Our finding is sim-
ilar to that of Farhath et al. (2013) who reported
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increased delayed-type hypersensitivity response with
the oral administration of 6-gingerol.

In conclusion, supplementation of GRE up to 1.5%
level of the diet improved growth performance, immune
response, and overall health status of broiler chickens.
However, further study needs to be conducted to eluci-
date the mechanism by which the bioactive compounds
in GRE confer immunity and selectively decimate
microbes.
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