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ABSTRACT This study aimed to evaluate the beneficial
role of chamomile essential oil in improving productive and
reproductive performances, egg quality, and blood metabo-
lites and reducing the toxic effect of Ochratoxin A (OTA)
in quail breeder’s diets. A total of 144 mature quails, 8 wk
old, were divided into 6 groups. The treatments were: G1
(the control), G2 (supplemented with OTA 1 mg/kg diet),
G3 (supplemented with chamomile oil 0.5 g/kg diet), G4
(supplemented with chamomile oil 1 G/kg diet), G5
(supplemented with OTA 1 mg/kg diet + chamomile oil
0.5 g/kg diet), and G6 (supplemented with OTA 1 mg/kg
diet + chamomile oil 1 g/kg diet). The OTA administration
alone significantly decreased egg production and mass in
quail breeders (P < 0.0001). Moreover, poor feed conversion
ratio (FCR), fertility percentage (P < 0.0001), and hatch-
ability percentage (P < 0.0009) were recorded. A significant
decline (P < 0.05) in the levels of serum protein (total pro-
tein and globulin) was also recorded in OTA-contaminated
groups, along with elevated serum levels of liver enzymes
such as alanine transaminase (ALT) and Aspartate trans-
aminase (AST) and kidney function test as urea and creati-
nine levels (P < 0.05). Ochratoxin A-contaminated feed
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resulted in a significant elevation (P < 0.05) in total choles-
terol (TC), triglyceride (TG), low-density lipoprotein
(LDL), and very low-density lipoprotein (VLDL), along
with a significant reduction (P < 0.05) in antioxidant status
and immunological response. The supplementation of cham-
omile essential oil, either 0.5 g/kg or 1g/kg, to the basal diet
or OTA-supplemented feed, revealed a significant increase
in hatchability %, fertility, egg mass, and egg production
and better FCR, egg quality, and immunological status
when compared to OTA only. Moreover, chamomile essen-
tial oil supplementation improves liver and kidney function
markers, decreases LDL, VLDL), TG, and TC. Along with
a significant increase (P < 0.05) in terms of antioxidant sta-
tus as glutathione peroxidase enzyme (GPX), total antioxi-
dant capacity (TAC), and superoxide dismutase (SOD)
and significantly (P < 0.05) improves immunological
response as IgM, IgG, lysozyme and complement 3. In sum-
mary, chamomile oil supplementation, either separate or
combined with OTA, reduced the adverse effects of OTA
and led to improved productive and reproductive perfor-
mance, egg quality, and blood metabolites in Japanese quail
breeders.
Key words: quail breeder, Ochratoxin A
, chamomile, production, blood metabolite
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INTRODUCTION

Medicinal plants have been considered a suitable antibi-
otic substitute because of the adverse impacts of antibiotics
on human and bird health (Palmieri et al., 2014; Di Cerbo
et al., 2014; Destefanis et al., 2016; Mazzeranghi et al.,
2017; Di Cerbo et al., 2018b; Di Cerbo et al., 2018a; Di
Cerbo et al., 2019; Di Cerbo et al., 2020; Alagawany et al.,
2021; Alagawany and Abd El-Hack, 2021). The active
ingredients in most medicinal plants are more easily
absorbed and have a shorter half-life than antibiotics. Con-
sequently, animal tissue contains no residues (Srivastava
and Gupta, 2009; Ismail et al., 2020). Multiple research
projects have been conducted to investigate the utilization
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of natural growth enhancers derived from medicinal herbs
to enhance quail productivity (Nowaczewski et al., 2010;
Guidetti et al., 2016; Reda et al., 2020; Farag et al., 2023).

Chamomile oil, derived from the chamomile plant, has
been studied for its potential health benefits and thera-
peutic properties (McKay, and Blumberg, 2006; Alaga-
wany and Abd El-Hack, 2021; Abd El-Hack et al.,
2023). Several studies have proved that chamomile has
various beneficial qualities, including anti-inflammatory,
antioxidant, antimicrobial, and antifungal effects (Pir-
zad et al., 2006; Srivastava et al., 2010; Singh et al.,
2011; Khishtan and Beski, 2020). Consistent with Gho-
niem et al. (2021), the utilization of Matricaria chamo-
milla oil has been suggested as a potential strategy for
managing the fungus Pythium ultimum in bean plants
inside greenhouse environments. Chamomile also has
the potential to exhibit strong antioxidant activity due
to its composition of numerous substances, including
coumarin, anthocyanin, isoflavones, flavonoids, and tan-
nic acid (Svenningsen et al., 2006). Chamomile possesses
antibacterial, antifungal, antioxidant, and anti-inflam-
matory qualities that have the potential to can enhance
feed conversion and body weight (Santurio et al., 2007).
The sesquiterpenoid compounds found in the chamomile
plant have the potential to act similarly to antibiotics
by disrupting the typical barrier role of the bacterial cell
membrane, thus helping the entry of external solutes
into the cell (G€oger et al., 2018). The essential oils (EO)
and extracts derived from Matricaria chamomilla pos-
sess antioxidant properties, potentially contributing to
the prevention and management of many diseases.
Chamomile can donate protons and potentially function
as an antioxidant through scavenging or suppressing
free radicals, as demonstrated in studies conducted by
Shimada et al. (1992) and Osman et al. (2016). The
anti-inflammatory effects of chamomile have been
observed through the inhibition of prostaglandin E2
release (Srivastava et al., 2009). The chamomile flower’s
flavonoids, essential oils, and chamazulene content have
a similar mode of action to probiotics within the small
intestine. The potential impact of these actions includes
the preservation of the intestinal microbiota’s homeosta-
sis and the enhancement of nutrient digestibility
(McCrea et al., 2005; Iseppi et al. 2020a; Iseppi et al.
2020b).

Ochratoxin A is a toxin synthesized by specific fungi,
namely Aspergillus, and Penicillium species. These fungi
can contaminate many agricultural products, like cereals
and feed ingredients (Bayman et al., 2002). Saleemi et
al. (2017) stated that fungi could generate distinct
metabolites or poisons and are commonly linked to cer-
tain agricultural commodities. Ochratoxins are mainly
found in a lot of agricultural commodities, with a signifi-
cant body of evidence documenting their presence in
mixed feed and cereal grains like rye, barley, oats, hay,
and maize (WHO, 2002; EFSA, 2006; Bakr et al., 2019).
According to Liuzzi et al. (2016), OTA is the predomi-
nant and highly poisonous form of ochratoxin. Previous
studies have demonstrated the nephrotoxic, hepato-
toxic, teratogenic, and immunotoxic effects of this
substance in chickens (Hameed et al., 2017; Wang et al.,
2019). Ochratoxin A reduces the feed conversion ratio,
decreases growth, damages kidneys, and eventually
causes death to birds when fed between 130 mg and
3.9 mg of their food (Stoev et al., 2004; Elaroussi et al.,
2006). Khatoon et al. (2016), feeding OTA to birds
impacted their growth, likely due to reduced weight and
poor feed conversion ratio (FCR). The global existence
of OTA in poultry feeds has been widely established in
an investigation by Zhang et al. (2020). Ochratoxin A
absorption begins in the stomach and predominantly
occurs in the jejunum (Grenier and Applegate, 2013).
The OTA exhibits characteristic symptoms in chicken,
including a notable decline in body weight, slowed
growth, decreased egg production, a lower-quality egg-
shell, suppression of immunity, a lower feed conversion
ratio, reduced efficacy of immunization, and liver and
kidney damage (Bailey et al., 1989). The inclusion of
OTA (at concentrations of 3.2 or 6.4 mg/kg food) in a
broiler diet caused a notable drop in glutathione peroxi-
dase and superoxide dismutase levels in a variety of
organs, including the kidney and liver (Hameed et al.,
2017). In this context, Xue et al. (2010) examined the
immunopathological impact of co-exposure to T-2 toxin
and ochratoxin. Their findings revealed that applying
T-2 toxin with ochratoxin reduced antibody titers for
New Castle disease by 10.4%. However, data regarding
feeding quail breeders with chamomile oil and its role in
reducing the negative effects of OTA exposure are rare.
This study aimed to examine the potential effects of
chamomile oil in mitigating the negative effects of OTA
exposure and enhancing the production and reproduc-
tive performances, blood metabolites, and egg quality in
breeders of Japanese quail.
MATERIAL AND METHODS

Birds, Experimental Design, and Diets

The experiment was designed at the Poultry Depart-
ment, Faculty of Agriculture, Zagazig University, Zaga-
zig, Egypt. One hundred forty-four, 8-wk-old quails
were divided into 6 groups, each including 4 replicates of
6 quails (4 females and 2 males). Dietary treatments
were: G1 (the control-basal diet), G2 (supplemented
with OTA 1 mg/kg diet), G3 (supplemented with cham-
omile oil 0.5 g/kg diet), G4 (supplemented with chamo-
mile oil 1 g/kg diet), G5 (supplemented with OTA
1 mg/kg diet + chamomile oil 0.5 g/kg diet), G6 (sup-
plemented with OTA 1 mg/kg diet + chamomile oil
1 g/kg diet). The birds were raised in conventional-type
cages measuring (90 £ 40 £ 40 cm3), with unrestricted
access to consuming food and water. The birds had been
raised in uniform management and hygienic conditions
and were given nutritionally balanced diets to fulfill
their dietary requirements, as specified in the recommen-
dations established by the National Research Council
(NRC) (1994). Table 1 displays the basal diet. The
experiment complies with the Zagazig University Ethics



Table 1. Ingredient and nutrient contents of experimental diets
of quail breeders.

Ingredient %

Yellow corn 58.70
Soybean meal 44% 27.50
Corn gluten meal 62% 4.60
Vegetable oil 1.8
Limestone 5.54
Di-calcium phosphate 1.20
Salt 0.30
Premix1 0.30
L-Lysine% 0.06
Dl-Methionine% 0.00
Calculated composition2

ME, Kcal /kg 2901
Crude protein% 20.00
Calcium % 2.50
Nonphytate P% 0.35
Lysine% 1.00
TSAA % 0.70
1Layer Vitamin-mineral Premix Each 1 kg consists of vit. A, 8000 IU;

vit. D3, 1300 ICU, vit. E 5 mg; vit. K, 2 mg; vit B1, 0.7 mg; vit. B2, 3 mg;
vit. B6, 1.5 mg; vit. B12, 7 mg; Biotin 0.1 mg; Pantothenic acid, 6 g; Nia-
cin, 20 g; Folic acid, 1 mg, manganese, 60 mg; Zinc, 50 mg, Copper, 6 mg;
Iodine, 1 mg, Selenium, 0.5 mg; Cobalt, 1 mg.

2Calculated according to NRC (1994).
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Committee’s regulations for using experimental animals
(Approval No. ZU-IACUC/2/F/313/2023).
Data Collection

Production Performance Data collection started 4 wk
after the introduction of the studied diets, specifically
when the quail breeders reached the age of 12 wk. The
feed intake of quail breeders was recorded every 2 wk,
along with the calculation of the feed-to-egg mass ratio.
The egg mass, determined by multiplying the number of
eggs by their respective weights, has been documented
to study egg weight and egg number.
Fertility and Hatchability In the 4th week of each
experimental period (8−12 and 12−16 wk), 15 eggs from
each replicate/treatment were collected and incubated
to assess their reproductive characteristics. After hatch-
ing, the counting of the newly hatched quails was con-
ducted. The hatchability percentages and fertility were
determined by collecting and breaking the unhatched
eggs. The hatchability percentage was determined by
measuring the proportion of hatched chicks to the total
number of eggs laid and the proportion of hatching
chicks to viable eggs.

The percentages of fertility and hatchability were
assessed according to the following formulas:

Fertility% ¼ number of fertile eggs x100=total eggs set

Hatchability% ¼ number of hatched chicks x100=

total number of fertile eggs

Hatchability% ¼ number of hatched chicks x100=

total eggs set

Egg Quality Criteria Three eggs from each replicate
were used to determine monthly egg quality parameters.
The egg quality parameters, including exterior and inner
characteristics (egg shape index, yolk index, unit surface
shell weight (USSW), egg length, egg width, shell weight
and thickness, and Haugh unit), were determined
according to Romanoff and Romanoff (1949).
Blood Metabolites A total of 30 quails were selected at
16 wk of age to assess various biochemical blood parame-
ters. Heparinized tubes were utilized for the collection of
blood samples. A centrifuge was used at a rotational
speed of 3,500 rpm per minute for 15 min to facilitate
plasma separation. This separation assessed biochemical
blood parameters, including lipid profiles, renal and liver
function tests, and immunology. The plasma parame-
ters, comprising immunoglobulins A and G, urea, creati-
nine, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), plasma protein fractions, and
plasma lipid fractions, were assessed using commercially
available kits and a spectrophotometer manufactured
by Shimadzu in Japan.
Statistics The trial was examined using a completely
randomized methodology. The study assessed many
parameters, including reproductive and productive indi-
ces, egg characteristics and quality, hepatic and renal
functions, immunity, and lipid profile. The GLM proce-
dure of SPSS (SPSS� (2008) statistical software pro-
gram v.11.0 was employed for all data analyses.
RESULTS AND DISCUSSION

Productive and Reproductive Parameters

Chamomile oil, derived from the chamomile plant, is
known for its potential health benefits and therapeutic
properties. While there is limited research specifically
focusing on the role of chamomile oil against OTA in
quail breeders, in this work, we can discuss the general
properties of chamomile oil and its potential effects on
the production and reproductive performances, blood
metabolites, and egg quality. According to data in
Table 2, chamomile oil supplementation to quail breeder
diet at a rate of 0.5 g/kg diet or 1 g/kg diet revealed a
significant increase (P < 0.0001) in egg number and egg
mass from 8 to 16 wk and nonsignificant increase in egg
weight (P = 0.2793) compared to control and other
groups. In contrast, OTA-contaminated feed groups
revealed a significant reduction (P < 0.0001) in egg num-
ber and egg mass from 8-16 wk and a nonsignificant
decrease in egg weight (P = 0.2793). Moreover, data in
Table 3 showed that the group that consumed OTA
either alone or in combination with chamomile oil as a
supplement revealed a nonsignificant increase
(P = 0.3454) in feed intake when compared to control
and other groups; these groups presented a significant
increase in feed conversion ratio (P < 0.00) and the
OTA supplemented group presented the worst level
(4.11), while group supplemented with chamomile oil
either 0.5 or 1 g/kg diet presented the best feed conver-
sion value (2.82). Our finding is consistent with the
observations of Ezeldien et al. (2023), wherein it was dis-
covered that at 8 wk of age, the Japanese quail fed a



Table 2. Effects of chamomile oil against ochratoxin toxicity on egg production of quail breeders.

Items Control
Ochratoxin 1 mg/kg

diet (Och1)
Chamomile 0.5 g/kg

diet (Cha0.5)
Chamomile 1 g/kg

diet (Cha1) Och1+ Cha0.5 Och1+ Cha1 SEM P value

Egg number/bird
8−12 wk 25.37b 19.89d 28.01a 27.32a 23.43c 22.55c 0.347 0.0011
12−16 wk 22.00b 17.80c 25.35a 25.31a 20.97b 21.47b 0.612 <0.0001
8−16 wk 23.68b 18.85d 26.68a 26.31a 22.20c 22.01c 0.374 <0.0001

Egg weight (g)
8−12 wk 12.53 11.87 12.57 12.53 12.07 12.32 0.192 0.3295
12−16 wk 12.59 12.13 12.92 13.03 12.49 12.61 0.463 0.8252
8-16 wk 12.56 12.00 12.74 12.78 12.28 12.46 0.201 0.2793

Egg mass (g/bird)
8−12 wk 317.72b 235.81d 351.95a 342.34a 282.88c 277.73c 5.512 <0.0001
12−16 wk 277.38b 216.02c 327.96a 330.00a 261.16b 270.99b 14.666 0.0021
8−16 wk 297.55b 225.92c 339.96a 336.17a 272.02b 274.36b 7.602 <0.0001

Means in the same column within each classification bearing different letters are significantly different (P < 0.05 or 0.01).

Table 3. Effects of chamomile oil against ochratoxin toxicity on feed intake and feed conversion ratio of quail breeders.

Items Control
Ochratoxin 1 mg/kg

diet (Och1)
Chamomile 0.5 g/kg

diet (Cha0.5)
Chamomile 1 g/kg

diet (Cha1) Och1+ Cha0.5 Och1+ Cha1 SEM P value

Feed intake (g/bird)
8−12 wk 956.7 967.1 958.32 952.1 968.25 963.28 8.935 0.7755
12−16 wk 954.25 950.64 953.4 945.4 963.73 965.83 8.754 0.5891
8−16 wk 955.48 958.87 955.86 948.75 965.99 964.56 4.841 0.3454

Feed conversion
ratio (g feed/g egg)
8−12 wk 3.01c 4.11a 2.72d 2.78d 3.43b 3.47b 0.056 0.0031
12−16 wk 3.48bcd 4.43a 2.94cd 2.88d 3.70b 3.58bc 0.197 0.0020
8−16 wk 3.22c 4.24a 2.82d 2.82d 3.56b 3.52b 0.087 <0.0001

Means in the same column within each classification bearing different letters are significantly different (P < 0.05 or 0.01).
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chamomile aqueous extract had a larger body weight
than the control group.

Furthermore, compared to the control, quails fed with
chamomile aqueous extract exhibited a significant
increase in egg mass and a reduced feed conversion ratio.
These findings align with El-Galil et al. (2010), who
observed that incorporating higher quantities of chamo-
mile flower in the laying Japanese quail diets improved
live body weight and egg production. Chamomile
extract has been found to have antibacterial, antifungal,
and anti-inflammatory functions, which may potentially
contribute to improved productivity (Abaza et al.,
2003). Conversely, according to the level of tannins,
chamomile extract could lead to decreased feed con-
sumption and conversion (Dada et al. 2015). Chamomile
supplementation was found to positively impact various
physiological parameters, including an increase in
growth rate, carcass weight, and ovarian relative weight
(Abu-Taleb et al., 2008). The potential positive impact
of chamomile on quail productivity could be attributed
to several factors, including increased feed intake,
enhanced digestibility of diets, and accelerated bird sex-
ual maturation. The findings presented in this study are
corroborated by the research undertaken by Skomorucha
and Sosnowka Czajka (2013). Their results showed that
adding 1.0% fennel powder or 0.75% chamomile to the
diet significantly increased growing rabbits’ body weight
gain and feed intake.
Moreover, Nasr et al. (2022) reported that rabbits
fed a basal diet + 0.5 mL g/kg chamomile exhibited
better feed intake during the entire duration of the
study in comparison to the other groups. Similarly,
Hameed et al. (2017) and Hameed et al. (2017) studied
that giving OTA-contaminated feed to quail breeders
impaired FCR. The effect was dose-dependent. When
chamomile oil was added at a rate of 0.5 or 1 g/kg of
feed, the FCR was higher than in the only fed OTA
group. Moreover, a significant (P < 0.001) improve-
ment was shown in Table 4 in fertility and hatchability
percentage in the group supplemented with chamomile
oil from 8 to 16 wk of age, while the group contami-
nated with OTA recorded a significant decrease in fer-
tility and hatchability percentage (P < 0.05). Our
finding aligns with Abd El-Galil et al. (2010), who
stated that supplementing quail at 0.50 g/kg chamo-
mile flower meal (CFM) level revealed higher fertility
and hatchability values. A level of 0.5 g/kg could result
from improved sperm concentration, total motile
sperm, live spermatozoa, and semen quality. On the
other hand, the fertility and hatchability percentages
were negatively impacted in birds fed with a concentra-
tion of 16 ppm of OTA in their diet (Prior et al., 1978).
Also, chamomile oil supplementation to OTA-contami-
nated groups significantly (P < 0.05) ameliorates the
toxic impact of OTA and improves fertility and hatch-
ability percentage in these groups.



Table 4. Effects of chamomile oil against ochratoxin toxicity on fertility and hatchability of quail breeders.

Items Control
Ochratoxin 1 mg/kg

diet (Och1)
Chamomile 0.5 g/kg

diet (Cha0.5)
Chamomile 1 g/kg

diet (Cha1) Och1+ Cha0.5 Och1+ Cha1 SEM P value

Fertility %
8−12 wk 92.96a 72.22d 91.57ab 89.50abc 86.51bc 85.56c 1.777 0.0031
12−16 wk 93.56a 81.41b 92.14a 93.24a 89.93a 90.19a 1.798 0.0052
8−16 wk 93.26a 76.82d 91.85a 91.37ab 88.22ba 87.87c 1.003 <0.0001

Hatchability %
8−12 wk 82.52a 63.56d 84.23a 81.81ab 76.39bc 73.67c 1.805 0.0021
12−16 wk 84.00a 69.94c 86.28a 84.05a 80.75ab 76.07bc 2.104 0.0016
8−16 wk 83.26ab 66.75d 85.25a 82.92ab 78.57bc 74.87c 1.397 0.0009

Means in the same column within each classification bearing different letters are significantly different (P < 0.05 or 0.01).
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Egg Quality Measurements

Table 5 presents the impact of chamomile oil against
OTA toxicity on the egg quality of quail breeders, and
the data showed that the group supplemented with
chamomile oil and OTA recorded a significant elevation
(P = 0.0008) in albumin percentage in comparison to
the control and other groups. While chamomile oil-sup-
plemented groups with either 0.5 or 1 g/kg diet showed
a significant (p<0.05) improvement in yolk % and
Haugh unit and a non-significant development in shell
%, shell thickness, yolk index, egg shape index in com-
parison to the control. Results on shell thickness and
yolk percentage recorded a nonsignificant elevation
between the tested groups. In contrast, yolk indices and
albumen were reduced (P < 0.05) by increasing CFM) in
comparison to the control, egg shape, and eggshell, was
significantly (P < 0.05) elevated by increasing CFM in
comparison to the control (Abd El-Galil et al. 2010).
This study agrees with the research conducted by Had-
dad (2012), which showed that the inclusion of chamo-
mile flower powder in the diets of poultry layers led to a
notable enhancement in various egg quality metrics,
including yolk index, Haugh unit, albumen height, albu-
men index, and yolk height. According to a study by
Giannenas et al. (2021), the addition of chamomile to
the diet of birds caused a significant enhancement in
both shell thickness and strength of their eggs. In addi-
tion, eggs exhibited elevated levels of tyrosine and phe-
nylalanine and enhanced resistance to yolk oxidation.
Given the abundance and affordability of eggs as a good
source of animal protein, it is worth noting that chamo-
mile can enhance the nutritional content of eggs by
Table 5. Effects of chamomile oil against ochratoxin toxicity on egg q

Items Control
Ochratoxin 1 mg/kg

diet (Och1)
Chamomile 0.5 g/kg

diet (Cha0.5)

Albumin % 52.88b 56.92a 52.93b

Yolk % 31.76a 28.06b 31.61a

Shell % 15.36 15.02 15.46
Shell thickness 0.23 0.20 0.23
Egg shape index 78.22 76.89 80.09
Yolk index 44.87 44.53 48.17
Haugh unit 82.64abc 79.69c 85.69a

USSW 47.73 47.08 47.95

Means in the same column within each classification bearing different letters
elevating the combined weight of the albumen and the
egg. The potential positive impact of chamomile on egg
quality indicators may be attributed to several factors,
including heightened feed consumption, enhanced diet
digestibility, and greater absorption of nutrients in
avian species (Ezeldien et al., 2023). According to a
study by Shirley and Tohala (1983), laying hens fed
diets containing OTA exhibited substandard eggshell
quality with blood spots in their eggs. Observations
were made regarding thin rubbery shells that exhibit
increased susceptibility to breakage during instances of
ochratoxicosis epidemics in the field (Jewers, 1990). Her-
mann (2002) stated that OTA is responsible for stains
on the surface of shells and a decrease in shell strength.
Furthermore, reduced egg production rate, egg mass
production, and egg weight were all reported when feed-
ing laying chickens 2 to 3 mg of OTA/kg (Verma et al.,
2003; Denli et al., 2008).
Liver and Kidney Functions

The finding in Table 6 recorded the effect of chamo-
mile oil against OTA toxicity on hepatic and renal func-
tions tests of quail breeders and reported that the
chamomile oil 1 g/kg diet supplemented group revealed
a significant (P < 0.05) decline in total protein levels
and globulin. This study showed that adding chamomile
oil could partially stop the changes in blood biochemical
parameters, but it couldn’t completely protect against
the negative effects caused by OTA. Our finding agreed
with a study by Abu Taleb et al. (2008), who observed
that adding 0.3% of chamomile to the diet of Japanese
uality of quail breeders.

Chamomile 1 g/kg
diet (Cha1) Och1+ Cha0.5 Och1+ Cha1 SEM P value

52.80b 54.03b 53.61b 0.510 0.0008
31.38a 30.61a 30.59a 0.491 0.0021
15.83 15.36 15.80 0.828 0.9832
0.24 0.21 0.19 0.013 0.1337

78.64 77.71 78.37 1.221 0.6230
46.19 45.11 48.03 1.242 0.3200
83.47ab 80.98bc 80.72bc 0.997 0.0162
47.76 47.91 47.90 0.451 0.8046

are significantly different (P < 0.05 or 0.01).



Table 6. Effects of chamomile oil against ochratoxin toxicity on liver and kidney functions of quail breeders.

Items Control
Ochratoxin 1 mg/kg

diet (Och1)
Chamomile 0.5 g/kg

diet (Cha0.5)
Chamomile 1 g/kg

diet (Cha1) Och1+ Cha0.5 Och1+ Cha1 SEM P value

TP (g/dL) 3.97b 4.70a 4.28ab 4.80a 4.35ab 4.45ab 0.111 0.0453
ALB (g/dL) 2.27b 3.27a 1.73c 1.78c 2.45b 2.56b 0.121 <0.0001
GLOB (g/dL) 1.70cd 1.43d 2.55b 3.02a 1.91c 1.89c 0.122 0.0031
A/G (%) 1.36b 2.33a 0.68c 0.59c 1.29b 1.37b 0.106 <0.0001
ALT (IU/L) 8.65b 14.05a 3.84c 4.18c 7.42b 7.63b 0.639 <0.0001
AST (IU/L) 169.65b 281.05a 75.50c 83.73c 155.30b 141.81b 7.948 0.0008
Creatinine (mg/dL) 0.29b 0.49a 0.19c 0.19c 0.28b 0.30b 0.015 <0.0001
Urea (mg/dL) 2.92b 5.18a 2.63bc 2.14c 3.13b 2.93b 0.204 0.0021

Means in the same column within each classification bearing different letters are significantly different (P < 0.05 or 0.01).
Abbreviations: ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TP, protein.

Table 7. Effects of chamomile oil against ochratoxin toxicity on lipid profile of quail breeders.

Items Control
Ochratoxin 1 mg/kg

diet (Och1)
Chamomile 0.5 g/kg

diet (Cha0.5)
Chamomile 1 g/kg

diet (Cha1) Och1+ Cha0.5 Och1+ Cha1 SEM P value

TC (mg/dL) 384.84b 436.84a 264.25c 273.93c 285.41c 347.72b 13.386 <0.0001
TG (mg/dL) 159.17b 219.17a 98.26d 101.75d 120.71c 131.99c 5.122 0.0008
HDL (mg/dL) 41.03c 33.03c 92.18a 85.88a 71.35b 61.20b 4.142 <0.0001
LDL (mg/dL) 311.98b 359.98a 152.42d 167.70d 189.92d 260.12c 12.602 <0.0001
VLDL (mg/dL) 31.83b 43.83a 19.65d 20.35d 24.14c 26.40c 1.025 0.0008

Means in the same column within each classification bearing different letters are significantly different (P < 0.05 or 0.01).
Abbreviations: CHOL, total cholesterol; HDL, high density lipoprotein; TRG, triglycerides.
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quail resulted in a significant rise in the birds’ levels of
globulin and total protein. The group that received
chamomile supplementation had a notable elevation in
albumin and serum total protein values, accompanied
by a decrease in glucose levels. There were no observed
variations in the total bilirubin levels, direct bilirubin,
creatinine, and ALT in comparison to control (Ezeldien
et al., 2023). The findings of this research agreed with
the research conducted by El-Galil et al. (2010), which
examined the impact of including chamomile powder
into the diet on serum biochemical markers in Japanese
quail. The serum protein levels in the blood of quail
breeders who ate a diet supplemented with OTA were
significantly reduced in this study.

Similarly, previous research revealed that broilers fed
a feed polluted with OTA had lower blood protein levels
(Santin et al., 2002; Kumar et al., 2003). The lowered
blood protein levels may be because OTA is toxic and
stops protein synthesis, which is one of its main negative
impacts (Hameed et al., 2017). The experimental group
of birds fed a diet contaminated with OTA exhibited
lower serum globulin than the control and other groups
throughout the trial. Huff et al. (1988) also recorded
reduced serum globulin levels due to ochratoxicosis. In
the current study, elevated serum urea, creatinine, AST,
and ALT values were associated with OTA feeding in
quail breeders. Hepatic deterioration within the liver
cells is indicated by elevated serum levels of ALT and
AST (Kumar et al., 2003). Serum creatinine and urea
levels may have increased in OTA-fed birds because of
the nephrotoxic effects of OTA, which leads to renal
damage via the degeneration of renal tissue. In the pres-
ence of chamomile oil, which decreases the OTA’s toxic
effect, there was a significant (P < 0.05) decrease in
serum creatinine and urea levels in groups G5 and G6 in
comparison to the group contaminated by OTA (G2).
Lipid Profile

The study’s findings, which are displayed in Table 7,
indicate that the chamomile oil 0.5 g/kg diet-supple-
mented group had a significant (P < 0.05) increase in
high-density lipoprotein (HDL) cholesterol and a signif-
icant (P < 0.05) decrease in triglycerides (TG), total
cholesterol (TC), low-density lipoprotein (LDL) choles-
terol, and very low-density lipoprotein (VLDL) choles-
terol, while The group supplemented with OTA
exhibited a significant (P < 0.05) rise in TG, LDL and
VLDL cholesterol, as well as a significant (P < 0.05)
reduction in HDL cholesterol. Our finding agreed with
Abu Taleb et al. (2008), who noted that adding chamo-
mile to the Japanese quail’s diet at a concentration of
0.3% resulted in a considerable decrease in cholesterol
levels. Furthermore, feeding birds OTA at a 1 to
5 mg/kg diet lowers their levels of TG and TC (Tahir et
al., 2022).
Immunological Parameters

The current study demonstrated the impact of chamo-
mile oil against OTA toxicity on quail breeders’ antioxi-
dant status and immunity, as recorded in Table 8. The
result reported that the chamomile oil 1 g/kg diet-sup-
plemented group showed a significant (P < 0.05)
decrease in malondialdehydes levels and a significant



Table 8. Effects of chamomile oil against ochratoxin toxicity on antioxidants and immunity of quail breeders.

Items Control
Ochratoxin 1 mg/kg

diet (Och1)
Chamomile 0.5 g/kg

diet (Cha0.5)
Chamomile 1 g/kg

diet (Cha1) Och1+ Cha0.5 Och1+ Cha1 SEM P value

Antioxidants
SOD (U/mL) 0.35d 0.28e 0.79b 0.87a 0.42d 0.52c 0.023 0.0005
MDA (nmol/mL) 0.34b 0.59a 0.11d 0.14d 0.21c 0.31b 0.019 <0.0001
TAC (ng/mL) 0.36d 0.26d 1.14a 1.01ab 0.62c 0.89b 0.055 0.0008
GPX (ng/mL) 0.44e 0.38e 0.86b 0.95a 0.55d 0.63c 0.024 <0.0001

Immunity
IgM (mg/dL) 0.89cd 0.75d 2.00b 2.40a 0.90cd 1.13c 0.070 <0.0001
IgG (mg/dL) 1.12bc 0.98c 1.93a 2.05a 1.24b 1.16bc 0.072 <0.0001
Lysozyme 0.36b 0.18b 1.30a 1.37a 0.48b 0.35b 0.081 <0.0001
Complement 3 112.00d 100.50d 190.00b 219.50a 140.50c 150.50c 5.677 <0.0001

Means in the same column within each classification bearing different letters are significantly different (P < 0.05 or 0.01).
Abbreviations: GSH, reduced glutathione; IgM, immunoglobulin M; IgG, immunoglobulin G; MDA, malondialdehyde; SOD, superoxide dismutase.
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(P < 0.05) rise in glutathione peroxidase activity (GPX),
total antioxidant capacity (TAC), and superoxide dismu-
tase (SOD). Meanwhile, the OTA-contaminated group
reported a significant (P < 0.05) rise in malondialdehydes
levels but a significant (P < 0.05) decline in glutathione
peroxidase levels (GPX), SOD, and TAC. The main field
of application of natural products is in enhancing birds’
antioxidant status and immunity (Arif et al., 101AD;
Rafeeq et al., 2022). A study conducted by Cemek et al.
(2008) demonstrated that chamomile positively impacts
pancreatic tissue by mitigating the impact of oxidative
stress induced by increased blood glucose levels. Our
results agree with Hameed et al. (2017), who reported
that adding OTA to chicken feed (3.2−6.4 mg/kg diet)
significantly decreased the glutathione peroxidase and
superoxide dismutase levels in different organs like the
liver and kidneys.

Furthermore, the chamomile oil 1 g/kg diet-supple-
mented group revealed a significant (P < 0.05) eleva-
tion in the immunological state of quail breeders
represented in increasing IgM, IgG, lysozyme, and com-
plement 3 levels in quail breeders blood. In contrast,
the OTA-supplemented group revealed a significant
(P < 0.05) lowering in IgM, IgG, lysozyme, and comple-
ment 3 levels in quail breeders’ blood. Our findings con-
cur with Zahoor-ul-Hassan et al. (2012), who revealed
that the progeny of chickens that were fed OTA-sup-
plemented diets exhibited a substantial decrease in the
frequency of cells containing IgG, IgA, and IgM in the
bursa of Fabricius and spleen. The study’s findings are
consistent with earlier investigations conducted on var-
ious species of mammals and birds exposed to OTA.
Concerning avian species, Harvey et al. (1987)
observed a decline in IgG-carrying cells within the
bursa of Fabricius among recently hatched chicks origi-
nating from eggs injected with OTA.

Furthermore, Tahir et al. (2022) revealed that the
immunosuppressive effects of OTA in poultry feed are
responsible for the decreased size of the thymus and
bursa of Fabricius. Moreover, Xue et al. (2010) exam-
ined the mixed immunopathological impact of T-2 toxin
and ochratoxin. They discovered that giving T-2 toxin
and ochratoxin together lowered the levels of antibodies
by 10.4% for New Castle disease.
CONCLUSION

The results of the present study showed that OTA has
adverse effects on productive and reproductive perform-
ances, immunity, lipid profile, antioxidant biomarkers,
and kidney and liver functions. The utilization of chamo-
mile oil has shown the capability to mitigate OTA-
induced toxicity and improve the production and repro-
ductive performances, egg quality, and blood metabo-
lites in quail breeders, hence indicating its viability for
commercialization. Using herbal oils such as chamomile
oil in quail diets could also help solve the problem of
ochratoxin in poultry farms.
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