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Abstract. The aim of this research was to scrutinise the influence of garlic (Allium sativum) and
ginger (Zingiber officinale) supplementation on embryogenesis, physiological parameters and
oxidative stress of Japanese quails. Four dietary treatments were used consisting of a control diet
and diets enriched with garlic, ginger, and their combination. A total number of 180 laying birds were
randomly allocated to the four treatments consisting of 3 replicates with 15 birds per replicate. Four
hundred and eighty eggs were collected for embryogenesis study after the birds had been on the
experimental diets for four weeks. Data were analysed using one-way analysis of variance (ANOVA)
in SPSS. Fertility percentage and reproductive capacity significantly increased in the treated groups
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Effects of garlic (Allium sativum) and ginger (Zingiber officinale)...

while a combination of ginger and garlic resulted in higher percentage of hatchability of fertile eggs.
All treatments culminated in a significant increase in crown-rump length (P <0.05) while embryonic
weights were similar for all treatments. Significant improvement was recorded in total antioxidant
capacity of birds administered ginger, garlic, and a concomitant use of ginger and garlic although
oxidative stress index values were statistically indistinguishable across all treatments (P >0.05).
Serum level of IgG was improved following treatment with garlic (P<0.05). Whereas the serum level
of IgE was significantly elevated as a result of ginger administration while a combination of ginger
and garlic resulted in elevated levels of IgM (P < 0.05). Total cholesterol decreased significantly due
to the combination of ginger and garlic. Combination of ginger and garlic also resulted in improved
haematological parameters. Garlic administration elicited a significant increase (P <0.05) in total
protein while other parameters were similar. So, ginger and garlic positively influenced fertility,
embryonic growth-related traits, immunity and antioxidant defence in Japanese quails, supporting
their use as safe natural feed additives

Keywords: phytogenic additive; hatchability; humoral immunity; antioxidant capacity; lipid

metabolism; haematology; serum biochemistry

Introduction

Sustainable production of healthy poultry
birds that is not detrimental to consum-
ers' health have been of great concern in re-
cent years. Various studies have increasingly
focused on natural feed additives, such as
phytogenics, to enhance bird performance,
immunity, and overall physiological well-be-
ing. N. Aminullah et al. (2025) reported that
because of concerns about antimicrobial re-
sistance and food safety, phytogenic feed
additives (PFAs) have become increasingly
considered sustainable alternatives to antibi-
otic feed additives in poultry production. This
could have resulted as a response to human
requests for more natural food and the cost
implications of these antibiotics. According to
N. Abdelli et al. (2021), PFAs, also called phy-
tobiotics, are natural plant-based substances
added to animal feed without harming the an-
imals. They improve gastrointestinal health,
systemic function, productivity, and welfare,
while reducing morbidity and mortality. PFAs
also provide antioxidant and immune sup-
port, and combining them can lower inclusion

levels, reduce feeding costs, and enhance over-
all results compared with single additives.

G. Dosu et al. (2023) reported that ginger
(Zingiber officinale Roscoe) is widely used as a
natural feed additive due to its rich bioactive
compounds, including gingerols, shogaols,
gingerdione, and phenolic ketones. It has anti-
oxidant, anti-inflammatory, and immunomod-
ulatory properties, supporting animal health
and disease resistance. Additionally, ginger
improves cellular function, lipid metabolism,
and digestion, enhancing nutrient absorption,
growth performance, and feed efficiency. As a
phytogenic additive, it offers a sustainable al-
ternative to synthetic growth promoters and
antibiotics. W.A. Abd El-Ghany (2024) noted
that garlic, as a natural feed additive, contains
bioactive compounds such as allicin, diallyl sul-
phides, alliin, saponins, phenols, amino acids,
vitamins, minerals, and essential oils, providing
antioxidant, antimicrobial, anti-inflammatory,
and immune-modulating effects. In poultry,
garlic is used in powder, extract, oil, or com-
mercial supplement forms to improve blood
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parameters, enhance immunity, reduce infec-
tions, and alleviate heat stress.

Scientists O.E. Oke et al. (2025) described
Japanese quails (Coturnix japonica) as small
poultry birds majorly reared for both meat
and egg production and currently gaining in-
creasing attention in the poultry industry due
to their rapid growth, early maturity, and high
egg-laying ability, with the ability to begin egg
production at about 40-42 days of age and an-
nual production of over 200 eggs per bird un-
der proper management. Distinguished by their
small body size, efficient feed conversion, low
maintenance requirement and relatively hardy
and resistant to many common poultry diseas-
es, makes them easy to manage and suitable
for small-scale and backyard farming systems.
As reported by A.F. Abdul-Majeed & S.Y. Ab-
dul-Rahman (2022) ginger prevented the effects
of oxidative stress and most of the biochemical
values were the same as in the control group in
H,0,-induced oxidative stress research, signifi-
cantly increasing glutathione 2.92 pmol/l while
the value of the stress index (malondialdehyde
0.41 nmol/ml) were reduced signifying a deduc-
tion in harmful free radical that can cause cell
damage when elevated thus concluded that gin-
ger have the ability to improve blood parame-
ters and serum antioxidants status. Research by
Z. Nemati et al. (2021) using 240 laying quails
reported that Ginger root Powder administered
at different doses reduced blood triglyceride
levels though was not effective on blood total
antioxidant capacity and malondialdehyde.

Researchers M.I Abo-Samaha & H.A. Ba-
sha (2021) evaluated the effect of garlic oil
spray before the inception of incubation and
continuing its application for the first 10 days
in incubator showed that at 2% of the garlic
solution spray and reported remarkable hatch-
ability increases of the fertile Japanese quail. A
study by W.M. Dosoky et al. (2024) on 300 quails
fed a cadmium-contaminated diet showed a
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significant reduction in immunoglobulin, es-
pecially IgM. Supplementation with vitamin
C (200 mg/kg), dried garlic powder (500 mg/
kg), or their combination improved IgM and
IgG levels, mitigating cadmium’s harmful ef-
fects. This demonstrates the detoxifying and
immune-boosting properties of garlic and vi-
tamin C. Nevertheless, there is still limited re-
search on inclusion level, embryogenesis, an-
tioxidant status, serum immunoglobulins, and
blood parameters in Japanese quail under lo-
cal production conditions. Thus, this research
is aimed to help bridge this knowledge gap,
ensuring data-driven recommendations that
could enhance both the productivity and the
product quality using natural feed additives,
and ensuring safe consumption.

The aim of this study was to evaluate the
effect of ginger (Zingiber officinale) and garlic
(Allium sativum) on embryogenesis, physiologi-
cal parameters and oxidative stress of Japanese
quail. Specifically, the objectives were to:

¢+ evaluate the effects of dietary ginger, gar-
lic, and their combination on fertility, hatch-
ability, reproductive capacity, and embryonic
development of Japanese quails;

¢+ assess the effects of dietary ginger, gar-
lic, and their combination on antioxidant status
and serum immunoglobulin responses;

¢ examine the effects of dietary ginger,
garlic, and their combination on lipid profile,
haematological indices, and serum biochemical
parameters.

Materials and Methods

The experiment was conducted at the Teach-
ing and Research Farm of the Faculty of Agri-
culture, Nasarawa State University, Keffi, Sha-
bu-Lafia Campus. The study area lies within the
Guinea Savanna zone of North Central Nigeria
and is located at latitude 08°35'N and longi-
tude 08°33'E. The study was conducted using a
Completely Randomised Design. A total of 180
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laying Japanese quails were used for this re-
search. The birds were randomly assigned to
4 dietary treatments, each replicated 3 times,
giving 45 birds per treatment and 15 birds per
replicate. Treatment 1, which is the control,
contained neither ginger nor garlic. Treatment
2 was fed 20 g of ginger per kg of feed. Treat-
ment 3 was fed 20 g of garlic per kg of feed,
whereas Treatment 4 was fed 20 g each of gin-
ger and garlic per kg of feed. The feeding trial
lasted for 8 weeks.

The experimental birds were sourced from
the National Veterinary Research Institute,
Vom, Plateau State. Upon arrival, the birds were
kept for 4 weeks before the inception of the
feeding trial to allow for adequate acclimatisa-
tion and rest. All procedures were conducted in
accordance with the ARRIVE guidelines (n.d.)
and approved ethical standards for the care
and use of animals in research. The birds were
housed in battery cages inside the teaching and
research farm facility. Before stocking, the cag-
es and pens were washed, disinfected, and al-
lowed to dry for a week. Adequate ventilation,
lighting, and strict biosecurity were maintained
throughout the experiment. Birds had ad libi-
tum access to clean water and experimental di-
ets. Fresh garlic bulbs and ginger rhizomes were
purchased from a local market, cleaned, sliced,
air-dried, and ground into powder before incor-
poration into the experimental diets.

A total of 480 eggs were collected after four
weeks of dietary treatment and incubated un-
der standard incubation conditions. Fertility,
hatchability, reproductive capacity, embryonic
weight, and crown-rump length were evaluat-
ed during the incubation period. Embryogene-
sis was evaluated during the incubation period
using measurements of embryonic weight and
crown-rump length. On days 5, 10, and 15 of in-
cubation, selected eggs were carefully opened
and embryos were removed for embryonic meas-
urements. Embryonic weight was measured

using a digital weighing balance, while crown-
rump length was measured in millimetres us-
ing a digital Vernier calliper. Morphological
observations, including feather development
and visible abnormalities, were also recorded.

Fertility percentage was calculated using
the formula:

Fertility (%) = (Number of fertile eggs/
Total eggs set) x 100, €))

where Number of fertile eggs = eggs that showed
evidence of embryonic development after can-
dling or egg break-out examination; Total num-
ber of eggs set = total number of eggs placed in
the incubator for hatching. Hatchability per-
centage was calculated using the formula:

Hatchability (%) = (Number of hatched chicks/
Total fertile eggs) x 100, 2)

where Number of hatched chicks = total number
of chicks successfully hatched from fertile eggs;
Total number of fertile eggs = eggs confirmed fer-
tile during incubation assessment.

Reproductive capacity percentage was cal-
culated using the formula:

Reproductive capacity (%)= (Number
of hatched chicks/Total eggs set) x 100, (3)

where: Number of hatched chicks = total number
of chicks successfully produced from the eggs
set; Total number of eggs set = total number of
eggs incubated during the experiment. Fertility
percentage was used to evaluate the propor-
tion of eggs that were fertile after incubation.
Hatchability percentage was used to determine
the proportion of fertile eggs that successfully
hatched, while reproductive capacity percent-
age was used to assess the overall efficiency of
chick production from the total eggs incubated.

Total oxidative stress was determined us-
ing the automated colorimetric method de-
scribed by O. Erel (2005). In this assay, oxidant
molecules in the serum oxidise the ferrous
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ion-o-dianisidine complex to ferric ions, which
then react with xylenol orange in an acidic
medium to produce a coloured complex. The
intensity of the colour formed was measured
spectrophotometrically and was proportional
to the total oxidant concentration of the sam-
ple. Total antioxidant capacity was determined
using an ABTS-based spectrophotometric as-
say according to O. Erel (2004). Antioxidants
present in the sample reduce the pre-formed
ABTS radical cation, causing decolourisation
of the blue-green chromophore. The decrease
in absorbance was measured spectrophotomet-
rically and was proportional to the antioxidant
capacity of the sample. Results were expressed
as Trolox equivalent antioxidant capacity.
Serum immunoglobulins IgG, IgM, and
IgE were determined using the sandwich en-
zyme-linked immunosorbent assay technique.
Blood samples were allowed to clot and were
centrifuged at 3,000 rpm for 15 min to obtain se-
rum. Serum samples were added into microplate
wells pre-coated with antibodies specific to the
immunoglobulin of interest. Enzyme-linked
secondary antibodies were then added, fol-
lowed by a chromogenic substrate after incuba-
tion. The reaction was stopped and absorbance
was measured at 450 nm using a microplate
reader. Immunoglobulin concentrations were
obtained from a standard calibration curve
based on the ELISA principle of E. Engvall &
P. Perlmann (1971). Total cholesterol, triglycer-
ides, high-density lipoprotein cholesterol, and
low-density lipoprotein cholesterol were de-
termined using Randox® kits following stand-
ard enzymatic colorimetric procedures and the
manufacturer’s instructions. Low-density lipo-
protein cholesterol was calculated using the
Friedewald formula (4) (Friedewald et al., 1972):

LDL-C=TC-HDL-C-(TG/2.2),  (4)

where LDL-C = low-density lipoprotein cho-
lesterol, TC = total cholesterol, HDL-C = high-
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density lipoprotein cholesterol, TG = triglycer-
ides, the factor 2.2 was used because lipid con-
centrations were expressed in mmol/L.

Blood (2 mL) was collected into K;-EDTA
anticoagulant tubes for haematological analy-
sis. Packed cell volume, haemoglobin concen-
tration, red blood cell count, and white blood
cell count were determined. Packed cell volume
was measured by the microhematocrit method,
haemoglobin concentration by the cyanmethe-
moglobin method, while red and white blood
cell counts were estimated using a hemocytom-
eter as described by S.M. Lewis et al. (2011).

Serum samples were analysed for total
protein, albumin, urea, and creatinine using a
Vita lab Selectra E clinical chemistry analyser
according to the manufacturer’s standard an-
alytical procedures. Total protein was deter-
mined by the biuret method, albumin by the
bromocresol green method, urea by the ure-
ase — Berthelot reaction, and creatinine by the
Jaffe reaction. The analyser measured absorb-
ance and automatically converted the readings
to concentrations based on the instrument cali-
bration settings.

Data on hatchability, embryogenesis, oxi-
dative stress markers, serum immunoglobulins,
lipid profile, serum biochemical parameters, and
haematological parameters were subjected to
one-way analysis of variance (ANOVA) in SPSS
version 25. Treatment means were separated
using Duncan’s multiple range test, and signif-
icance was declared at P<0.05 (Duncan, 1955):

Yij = u+ Ti+eij, ©)

where Yij = individual observation, u = overall
mean, Ti = effect of the ith dietary treatment,
and eij = random experimental error.

Results and Discussion

The effects of dietary garlic, ginger, and their
combination on reproductive performan-
ce, embryogenesis, oxidative stress, serum
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immunoglobulins, lipid profile, and haemato-
logical and biochemical parameters of Japanese
quails were evaluated. Values are presented as
mean * standard deviation, with significant
differences indicated at P < 0.05. Table 1 pre-
sents the effects of dietary garlic, ginger, and
their combination on fertility, hatchability, and
reproductive capacity of Japanese quails. Fer-
tility percentage differed significantly among

treatments (P < 0.05), with the garlic-supple-
mented and combined ginger-garlic groups
showing higher fertility values than the con-
trol group. Hatchability of fertile eggs was not
significantly affected by dietary treatments
(P > 0.05). Reproductive capacity significantly
increased in the supplemented groups, par-
ticularly in birds administered the combined
ginger-garlic diet.

Table 1. Effect of ginger (Zingiber officinale) and garlic (Allium sativum)
on fertility and hatchability of Japanese quail

Parameter Control (g(;rgﬁ;) (Z%a;;::g) ((;l()ngfl:é if:;f) P-value
Fertility (%) 88.00£4.00°  90.67+10.07°  94.67+2.31°  93.33%6.11°  0.041*
Hatchability (FE, %) 91.11+7.36% 90.09+11.02° 88.77+4.792 92.85+2.432 0.612ms
Reproductive Capacity (%)  80.00+4.00° 81.33+10.07°  84.00%4.00* 86.67%6.112 0.048*

Note: means with different superscripts (a, b) differ significantly at P < 0.05; mm = millimetres; g = grams; NS = not

significant; * - significant
Source: authors’ experimental data

Table 2 shows the effects of dietary gar-
lic, ginger, and their combination on embryonic
development of Japanese quails. Crown-rump
length significantly increased in all supplemented
groups compared with the control group (P<0.05),

indicating enhanced embryonic growth. Howev-
er, embryonic weight did not differ significantly
among treatments (P >0.05), suggesting that di-
etary supplementation mainly influenced em-
bryonic linear growth rather than embryo mass.

Table 2. Effect of ginger (Zingiber officinale) and garlic (Allium sativum)
on embryogenesis of Japanese quail

Ginger

Garlic Ginger/Garlic

Parameters Control -value

(20 g/kg) (20g/kg) (20 g/kgeach) PV
Crown-Rump Length (mm)  24.09+0.99" 28.19+£1.01# 28.18%0.98° 28.22%1.112 0.0002*
Embryonic Weight (g) 1.01+0.02 1.32+0.14 1.27+0.12 1.25+0.11 0.8533"

Note: means with different superscripts (a, b) differ significantly at P < 0.05; mm = millimetres; g = grams; NS = not

significant; * - significant
Source: authors’ experimental data

Table 3 presents the effects of dietary garlic
and ginger supplementation on oxidative stress
markers of Japanese quails. Total antioxidant
capacity significantly increased in the supple-
mented groups, especially inbirds fed ginger and
the ginger-garlic combination diets (P < 0.05).

Total oxidant status also varied significantly
among treatments, while oxidative stress index
values were not significantly different (P >0.05).
These findings suggest that dietary supple-
mentation improved antioxidant responses
without causing marked oxidative imbalance.
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Table 3. Effect of ginger (Zingiber officinale) and garlic (Allium sativum)
on antioxidant capacity and total oxidative stress of Japanese quails

Parameters Control (et (Eruity Gty Emalts p-value
(20 g/kg) (20g/kg) (20 g/kg each)

TAC (mmol/L) 244.94+12.45° 308.47+4.32*  287.83+10.31® 311.57+2.41*  0.0001*

TOS (umol/mL) 2.73%0.19¢ 3.19+0.14° 4.07+0.05% 3.35+(.84° 0.0044*

OSI 0.01£0.00 0.00£0.00 0.02£0.00 0.01£0.00 0.0594ns

Note: means with different superscripts (a, b, c¢) differ significantly at P < 0.05; TAC = total antioxidant capacity,
TOS = total oxidant status, OSI = oxidative stress index, mmol/L = millimoles per litre, umol/mL = micromoles per

millilitre, NS = not significant; * - significant
Source: authors’ experimental data

Table 4 shows the effects of dietary sup-
plementation on serum immunoglobulin con-
centrations of Japanese quails. Significant
differences were observed among treatments
for 1gG, IgM, and IgE levels (P < 0.05). Garlic

supplementation improved IgG concentration,
while the combined ginger-garlic treatment
produced the highest IgM values. Ginger sup-
plementation resulted in elevated IgE concen-
tration compared with other treatments.

Table 4. Effect of ginger (Zingiber officinale) and garlic (Allium sativum)
on the serum level of immunoglobulin of Japanese quails

Ginger
Parameter (g/L) Control (20 g/kg)
IgG 6.00+0.40° 5.13+0.15°
IgM 1.04%0.08¢ 0.87+0.09¢
IgE 2.00+0.06° 3.33+0.18°

Garlic Ginger/Garlic

(20 g/kg) (20 g/kg each) [P
7.77+0.382 5.97+0.04° 0.0023*
1.20%0.06° 2:23=0:0122 0.0000%*
2.17+0.09° 1.47+0.07¢ 0.0000%*

Note: means with different superscripts (a, b, ¢) differ significantly at P < 0.05; IgG = immunoglobulin G; IgM =

immunoglobulin M; IgE = immunoglobulin E; * - significant

Source: authors’ experimental data

Table 5 presents the effects of dietary
supplementation on lipid profile of Japanese
quails. Total cholesterol significantly decreased
in birds administered the combined ginger-gar-
lic diet compared with the control group
(P<0.05). High-density lipoprotein cholesterol

improved in supplemented groups, while
low-density lipoprotein cholesterol and triglyc-
eride concentrations were reduced, especially
in garlic-treated birds. These findings indicate
improved lipid metabolism following dietary
supplementation.

Table 5. Effect of ginger (Zingiber officinale)
and garlic (Allium sativum) on Lipid profile of Japanese Quail

Ginger
Parameters Control (20 g/kg)
TC (mmol/L) 3.73£0.12® 3.30£0.15°
HDL (mmol/L) 1.06+0.03" 1.27%0.03?
LDL (mmol/L) 1.47%0.09° 1.60%0.06*
TG (mmol/L) 1.40%0.06° 1.60%0.06*

Garlic Ginger/Garlic

(20 g/kg) D) D
3.5740.00° 2974003  0.0139*
1.07£0.09" 1302006  0.0328*
0.99+0.07" 1402006  0.0321*
0.9940.09" 140£0.06  0.0019*

Note: means with different superscripts (a, b, ¢) differ significantly at P < 0.05; TC = total cholesterol; HDL =
high-density lipoprotein; LDL = low-density lipoprotein; TG = triglycerides; *— significant

Source: authors’ experimental data
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Table 6 shows the effects of dietary gar-
lic and ginger supplementation on haemato-
logical parameters of Japanese quails. Packed
cell volume, haemoglobin concentration, red
blood cell count, and white blood cell count

(P <0.05). The combined ginger-garlic treat-
ment produced the highest values for packed
cell volume, haemoglobin concentration, and
red blood cell count, suggesting improved ox-
ygen-carrying capacity and physiological sta-
tus of the birds.

Table 6. Effect of ginger (Zingiber officinale) and garlic (Allium sativum)
on haematological parameters of Japanese quails

differed significantly among treatments
Parameters Control Ot
(20 g/kg)
PCV (%) 34.66%0.88 31.00%0.58¢
Hb (g/dL) 10.87+0.72° 9.73+0.21¢
RBC (x10'%/L) 3.31+0.07° 3.08+0.02¢
WBC (x10°L) 10.37+1.94° 9.33+5.04°

Garlic Ginger/Garlic P-value
(20 g/kg) (20 g/kg each)
34.00£0.57° 39.67+0.88° 0.0003*
11.03+0.37° 12.26+0.12? 0.0024*
3.43£0.07° 3.92+0.08° 0.000*
13.30+1.73° 14.00+0.58° 0.003*

Note: means with different superscripts (a, b, ¢) differ significantly at P < 0.05; PCV - packed cell volume; Hb —
haemoglobin; RBC — red blood cells; WBC — white blood cells; * - significant

Source: authors’ experimental data

Table 7 shows the serum biochemical pa-
rameters of Japanese quails across the different
treatments. There are significant differences
at P<0.05 among treatments for total protein,
globulin, urea, creatinine, sodium (Na*), and
potassium (K*), while albumin did not differ
significantly among treatments (P > 0.05). To-
tal protein values were highest in Treatments 1
and 3, while Treatment 2 recorded the lowest
value. Globulin concentration was highest in

Treatment 1 and lowest in Treatment 3. Urea
levels were highest in Treatment 2 and lowest
in Treatment 3, whereas creatinine concentra-
tion was highest in Treatment 3 and lowest in
Treatment 1. Sodium (Na*) concentration was
highest in Treatment 3, with Treatments 1, 2,
and 4 showing similar values and no signifi-
cant differences among them. Potassium (K*)
concentration was highest in Treatment 4 and
lowest in Treatment 2.

Table 7. Effect of ginger (Zingiber officinale) and garlic (Allium sativum)
on serum biochemical parameters of Japanese quails

Ginger Garlic Ginger/Garlic
Parameters Control @0 ggkg) (20 g/kg) @0 g/kg ) P-value
Total protein (g/L) 53.00+1.53* 41.33+1.45¢ 59.00£0.58° 45.33+0.88" 0.0004*
Albumin (g/L) 20.67*0.88 19.00£0.58 22.67+1.45 21.67+0.88  0.1388 (NS)
Globulin (g/L) 31.33%0.09* 22.67+0.09° 15.75+0.12¢ 22.87+0.09° 0.0001*
Urea (mmol/L) 2.13+0.08° 3.17+0.09° 1.75%0.12¢ 2.28+0.09° 0.0001*
Creatinine (umol/L) 38.67+0.88¢ 55.33+2.73b 63.00+1.53° 53.00+0.58° 0.0000*
Na*® (mmol/L) 152.00+1.50° 148.00+1.53° 158.33£1.20° 152.00+0.58° 0.0047*
K* (mmol/L) 5.87+0.08% 5.70+0.06° 5.90+0.06® 6.13+0.122 0.0414*

Note: means with different superscripts (a, b, ¢) within the same row differ significantly at P < 0.05; NS = not

significant; * - significant
Source: authors’ experimental data
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The significant improvement in fertility
percentage observed in garlic- and ginger-sup-
plemented groups suggests that these phy-
togenic additives may support reproductive
efficiency and embryo viability in Japanese
quails. The higher fertility values recorded in
the garlic and combined ginger-garlic groups
may be associated with the antioxidant and
antimicrobial properties of the bioactive com-
pounds present in these additives, particularly
allicin in garlic and gingerols in ginger, which
may improve physiological stability and repro-
ductive function. However, hatchability of fer-
tile eggs was not significantly affected among
treatments, although numerically higher values
were observed in the combined supplementa-
tion group. This indicates that while supple-
mentation may improve fertilisation and em-
bryo survival, it may not necessarily influence
the final hatching process under the present
experimental conditions. The improved repro-
ductive capacity recorded in the supplemented
groups further supports the beneficial role of
garlic and ginger in enhancing overall repro-
ductive output. Similar findings were reported
by M.M.A. El-Kashef & M.I. El Sabry (2025),
who observed that the use of ginger and gar-
lic solutions affected embryonic development,
hatchability, blood parameters and post-hatch
performance in Japanese quails. The significant
increase in crown-rump length observed in all
supplemented groups indicates that dietary
garlic and ginger supported embryonic growth
and development during incubation. This effect
may be attributed to the antioxidant properties
of the phytogenic compounds, which could help
reduce oxidative damage during embryogen-
esis and support proper tissue development.
Although embryonic weight numerically in-
creased in supplemented groups, the differenc-
es were not statistically significant, suggest-
ing that supplementation mainly influenced
embryonic linear growth rather than embryo
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mass accumulation. Enhanced nutrient utili-
sation and improved physiological conditions
during incubation may also have contributed
to the observed increase in crown-rump length.
The improvement in crown-rump length re-
corded in the present study is supported by
M.M.A. El-Kashef & M.I. El Sabry, who report-
ed that ginger and garlic solutions influenced
embryonic development and hatchability traits
in Japanese quail. The significant increase in
total antioxidant capacity recorded in birds
fed ginger, garlic, and their combination indi-
cates enhanced antioxidant defence following
dietary supplementation. Ginger contains bio-
active compounds such as gingerols, shogaols,
and phenolic derivatives, while garlic contains
sulphur-containing compounds including alli-
cin and diallyl sulphides, all of which possess
antioxidant properties capable of scavenging
free radicals and reducing oxidative damage.
The higher total antioxidant capacity observed
particularly in the ginger and combined sup-
plementation groups suggests improved ability
of the birds to neutralise reactive oxygen spe-
cies. Although total oxidant status varied sig-
nificantly among treatments, oxidative stress
index values did not differ significantly, indi-
cating that oxidant and antioxidant activities
remained relatively balanced.

These findings agree with those of B. Se-
vim (2026) reported that fermented black garlic
powder supplementation improved antioxidant
status, immune response, serum parameters,
and performance-related traits in Japanese
male quails. The significant differences ob-
served in serum immunoglobulin concentra-
tions indicate that dietary garlic and ginger
supplementation influenced immune respon-
siveness in Japanese quails. Garlic supplemen-
tation resulted in higher IgG concentration,
while the combined ginger-garlic treatment
produced the highest IgM values, suggest-
ing enhanced humoral immune activity. The
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elevated IgE concentration observed in the gin-
ger group may reflect stimulation of immune
responsiveness by the phytogenic compounds
present in ginger. The immunomodulatory ef-
fects observed in this study may be linked to
the antioxidant and antimicrobial activities of
garlic and ginger bioactive compounds, which
could enhance antibody production and im-
prove immune function. The improvement in
serum immunoglobulin concentrations ob-
served in the present study agrees with B. Se-
vim, who reported that fermented black garlic
powder supplementation improved immune re-
sponse and serum parameters in Japanese male
quails. M. Fathi et al. (2025) also found that
black garlic powder influenced immunoglob-
ulin protein levels, haematological indicators
and antioxidant capacity in broiler chickens.
The reduction in total cholesterol and
triglyceride concentrations observed in sup-
plemented birds suggests improved lipid me-
tabolism following garlic and ginger adminis-
tration. The combined ginger-garlic treatment
produced the lowest total cholesterol values,
while garlic supplementation significantly re-
duced low-density lipoprotein cholesterol and
triglycerides. These responses may be associat-
ed with the ability of garlic and ginger bioactive
compounds to regulate lipid synthesis and fat
metabolism. The improvement in high-density
lipoprotein concentration observed in supple-
mented groups may further indicate beneficial
effects on lipid transport and metabolism. The
reduction in total cholesterol, triglycerides
and low-density lipoprotein cholesterol ob-
served in the supplemented groups agrees with
C.A. Mbajiorgu et al. (2025), who reported that
garlic influenced lipid profiles in laying quails.
Similarly, M.M. El-Kashef (2022) reported im-
proved blood biochemical responses in quail
birds fed ginger. The improvement in packed
cell volume, haemoglobin concentration, red
blood cell count, and white blood cell count

observed in the combined ginger-garlic group
suggests improved physiological and haemato-
poietic status of the birds. Higher packed cell
volume and haemoglobin concentration may
indicate improved oxygen-carrying capaci-
ty and better physiological condition, while
increased red blood cell count may suggest
enhanced erythropoiesis. The elevated white
blood cell count observed in garlic-supple-
mented and combined-treatment groups may
reflect improved immune responsiveness and
physiological adaptation following phytogen-
ic supplementation. These findings indicate
that garlic and ginger supplementation did not
exert adverse effects on blood formation and
may instead support normal haematological
function. Similar observations were reported
by O.I. Olayinka et al. (2024), who found that
garlic meal influenced haematological param-
eters and serum biochemical responses in Jap-
anese quails. The variations observed in serum
biochemical parameters indicate that dietary
garlic and ginger supplementation influenced
protein metabolism, nitrogen metabolism, and
electrolyte balance in Japanese quails. Garlic
supplementation produced the highest total
protein concentration, which may suggest im-
proved protein synthesis, nutrient utilisation,
or physiological stability. The differences ob-
served in globulin concentration may also re-
flect altered immune-related protein metab-
olism among treatments. Urea and creatinine
concentrations varied significantly among
groups, although the values remained within
acceptable physiological ranges, suggesting
no obvious adverse effect of supplementation
on kidney function. The significant differenc-
es observed in sodium and potassium concen-
trations indicate that the dietary treatments
may have influenced electrolyte regulation and
metabolic balance. The variations observed
in serum biochemical parameters are consist-
ent with the report by O.I. Olayinka et al. that
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garlic meal affected that garlic meal affected
serum biochemical parameters in Japanese
quails and M.M. El-Kashef (2022) also reported
that ginger supplementation influenced blood
biochemical responses in quail birds.

Conclusions

The findings of this study demonstrated that
dietary supplementation with ginger, garlic,
and their combination positively influenced
the reproductive performance, embryogene-
sis, antioxidant status, immune response, lipid
profile, haematological indices, and serum bio-
chemical parameters of Japanese quails. Fertil-
ity percentage and reproductive capacity were
significantly improved (P < 0.05) in the sup-
plemented groups compared with the control
group, although hatchability percentage was
not significantly affected among treatments
(P > 0.05). Embryonic crown-rump length sig-
nificantly increased (P < 0.05) in birds fed diets
containing ginger and garlic, indicating im-
proved embryonic growth and development,
whereas embryonic weight showed no signifi-
cant difference among treatments.

The antioxidant results revealed signifi-
cant increases (P < 0.05) in total antioxidant
capacity in supplemented groups, particularly
in birds administered ginger and the combined
ginger-garlic diets. Total oxidant status var-
ied significantly among treatments, while oxi-
dative stress index values remained relatively
stable, suggesting maintenance of oxidative
balance. Significant improvements (P < 0.05)
were also observed in serum immunoglobulin
concentrations, indicating enhanced humor-
al immune response in supplemented birds.

Also, the dietary supplementation significantly
improved (P <0.05) haematological parameters
including packed cell volume, haemoglobin con-
centration, red blood cell count, and white blood
cell count, reflecting improved physiological and
immune status of the birds. Serum biochemical
and lipid profile analyses showed significant re-
ductions (P < 0.05) in total cholesterol, triglyc-
erides, and low-density lipoprotein cholesterol,
while beneficial effects were also observed on
protein metabolism and electrolyte balance.

In conclusion, the study confirmed that
ginger and garlic, particularly when combined
at 20 g per kg of feed each, can serve as effective
natural PFAs for improving reproductive per-
formance, physiological stability, antioxidant
defence, and health status of Japanese quails.
Further studies should evaluate the effects of
dietary ginger and garlic supplementation on
the growth performance, survivability, phys-
iological status, immune response, and post-
hatch development of chicks produced from
supplemented Japanese quail breeders. The
combined supplementation of ginger and gar-
lic showed improved overall physiological re-
sponses, and it is recommended as a nutritional
strategy for improving the health and produc-
tivity of Japanese quails.
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BnuiuB BBeieHHs YacHURY (Allium sativum)
Ta iMOupy (Zingiber officinale) Ha penpoayKTHBHI MOKa3HUKH,
emOpioreHnes, ¢isiosoriuni mapamerpu
Ta OKCUAATUBHUH CTpeC Yy AMOHChbKUX IepereJiB

I'ynHec HrkaHkest
Marictp
VuiBepcuret mraty HacapaBa
911019, mrrat Hacapasa, m. Ked i, Hirepis
https://orcid.org/0009-0005-0898-8767
I6parim Myca-Asapa
IlokTop dinocodii
VuiBepcurer mtaty Hacapasa
911019, mtat HacapaBa, M. Keddi, Hirepist
https://orcid.org/0000-0001-5496-9026

Kinrcni Omoriaze Imaxop
IlokTop dinocodii
VHiBepcutet mtaTy Hacapasa
911019, mrat HacapaBa, M. Keddi, Hirepist
https://orcid.org/0000-0003-0544-6127

AHoTaiis. MeToI0 1[bOTO TOCTiIKeHHS 6YJI0 BUBUUTY BIUIMB BBeIeHHS yacHUKY (Allium sativum)
Ta imoupy (Zingiber officinale) na embpioreHes, ¢isionoriuHi mapameTpu Ta OKCUAATUBHUI CTPeC Y
SIMOHCBKYX MepeTnesiB. BUKOpUCTOBYBaINCS YOTUPH PaLliOHN : KOHTPOIbHUI Ta pallioHy, 30araveHi
YaCHMKOM, iMOMPOM Ta ix KoMbiHalliet0. 3aramom 180 Hecyumx nTaxiB 6y/v BUNIAJIKOBO PO3TIOIiIeHi
Ha YOTMPU TPYNHU 3 TPhOMa MOBTOPEHHSIMMU 110 15 mTaxiB y KoxkHOMY. Byro 3i6paHo 480 sienp 1yis
IOCITiIKeHHST eMOpioreHe3y Mic/Isl YOTUPUTIVDKHEBOTO MePioy TOAYBaHHS eKCIIepUMeHTaTbHUMMU
pauioHamu. JlaHi aHa/mi3yBanmucs MeTonoM omHodakTopHOTO AucrepciiiHoro aHamizy (ANOVA) y
SPSS. BimcoTok 3artigHeHOCTi Ta penmpoAyKTUBHA 3[aTHICTh 3HAYHO ITiABULIVIINCS Y SITOHCHKUX
TepernesiB, MO OTPUMYBAIM MO06ABKM, a KOMOiHAIis iMOMpY Ta YacHUKY 3abe3rmeumsia BUIINA
BiZICOTOK BIIYIIIEHHSI KUTTE3JATHUX SIENb. YCi 06pOOKM MPM3BEaM OO 3HAUHOTO 36i/bIIeHHS
IOBXKUHU «crown-rump» (P < 0,05), Tofi sik Bara eMOGpioHiB 3auiiianacs MogioHO0 y BCiX Tpymax.
3HauHe IIOKpaIlleHHsI CIIOCTepirajaocsl y 3arajibHilii aHTMOKCMIOAHTHIM 3JAaTHOCTI NTaxiB, sKi
OTpMMYyBaIM iMOUP, YaCHMUK 260 iX KOMOiHalli10, X0ua MOKAa3HMUKY iHIeKCY OKCUIATUBHOTO CTPeCy
CTaTUCTUYHO He BippisHsucst Mix rpynamu (P >0,05). PieHs IgG y cupoBaTLi MigBUIIMBCS MTiCIsT
3acTocyBaHHs yacHUKY (P <0,05), Toxi sik piBeHb IgE 3HaUHO MigBUIMBCS TTiC/IsE BBEIEHHS iMOMPY, a
KOMOiHa1is iM6Mpy Ta YaCHMKY cIipusiia nigBuileHHIo piBHs IgM (P <0,05). 3aranbHuii xonecTepuH
3HAYHO 3HU3UBCS y CUPOBATIIi KPOBi ATOHCHKMX MTE€PeIesiB, 0 OTPMMYBaI KOMOiHaIli10 iM61py Ta
yacHMKy. KombiHa1is iM6upy Ta YaCHMKY TaKOX MOKpAIIMIa reMaToJIOTiuHi MOKa3HUKN. BBeleHHs
YaCHUKY CIIPUUMHWIO 3HauYHe miaBuienHs (P <0,05) y cupoBalli KpoBi BMiCTy 3arajibHOTO 6iska,
TOJi SIK iHIIIi TOKA3HMUKY 3aMUIIAIUCS Tomi6HMU. OTXKe, iIMOMP Ta YaCHUK IMO3UTUBHO BIUTVMHYJIN
Ha 3aIUTiAHEeHICTb, picT eMOPiOHiB, iIMYHITET Ta aHTMOKCUAAHTHMI 3aXUCT Y SIMOHCHKUX TI€PeTesiB,
MiATPUMYIOUM IX BUKOPYMCTAHHS K 6e3MeYHMX IIPUPOTHNUX KOPMOBUX J06aBOK

KmouoBi cioBa: ditoreHHa [106aBKa; BiJCOTOK BWIYIUIEHHS; TYMODJIbHMII iMyHiTeT;
AHTMOKCUAAHTHA 3JaTHICTb; MeTabO0i3M JIiMTi/IiB; reMaTosIorist; 6ioxXiMist CMpoBaTKMU
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