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ABSTRACT This study aimed to investigate the
effects of dietary dried onion and dried cinnamon supple-
mentation on laying performance, egg quality, serum
lipid profile, and immune responses of Japanese quails. A
total of 120 laying quails aged 12 weeks were randomly
allocated into five groups (24 birds each). Each treat-
ment was replicated 4 times with 6 quails in a completely
randomized design. Dietary treatments were as follows:
control (basal diet only, without any supplementation);
tylosin (basal diet + 100 mg tylosin/kg diet); onion
(basal diet + 800 mg dried onion/kg diet); cinnamon
(basal diet + 800 mg dried cinnamon/kg diet); and
onion + cinnamon (basal diet + mixture of 400 mg each
of dried onion and dried cinnamon/kg diet). Cinnamon
supplementation improved laying rate, egg numbers, egg
mass, and feed conversion ratio of quails compared to the
control treatment, followed by tylosin supplementation.
Egg shell percentage was higher (P < 0.05) in quails that
� 2021 The Authors. Published by Elsevier Inc. on behalf of Poultry
Science Association Inc. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Received March 5, 2021.
Accepted September 9, 2021.
1Corresponding author: ktarabily@uaeu.ac.ae

1

consumed the onion + cinnamon mixture than those fed
only the cinnamon supplemented diet. Serum total lipid
content, egg yolk lipids and egg yolk cholesterol were
lower (P < 0.05) in birds fed with the supplemented diets
than that of the control group. On the other hand, die-
tary supplements did not affect levels of triglycerides and
high-density lipoprotein levels. The dietary supplementa-
tion with onion and/or cinnamon reduced serum malon-
dialdehyde levels compared to control treatment. The
foot web index was higher (P < 0.05) in the onion treat-
ment than in the other experimental groups. The dried
cinnamon and the mixture of dried onion + dried cinna-
mon treatments showed higher (P < 0.05) immunoglobu-
lin M (IgM) levels than the control treatment. In
conclusion, dietary supplementation with natural plant
materials such as dried onion and cinnamon can be used
to improve the laying Japanese quail performance, egg
quality, and immunity.
Key words: cinnamon, egg quality, lay
ing performance, immunity, onion, quail
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INTRODUCTION

Allium cepa (onion) has been used since ancient times as
a medicinal source and is a common component of the
human diet. Recently, onion has attracted much attention
due to its antithrombotic, hypolipidemic, hypotensive,
diaphoretic, antibiotic, antidiabetic, antiatherogenic, and
anticancer properties (Nwogor et al., 2020). The biological
action ofA. cepa products is ascribed to their organo-sulfur
and phenolic compounds (Kothari et al., 2019). Several
studies conducted in rats have shown that onion contains
several exogenous and endogenous antioxidants such as
selenium; glutathione; vitamins A, B, and C; and flavo-
noids such as quercetin (12 mg/100 g onion bulb)
(Khaki et al., 2012), and isorhamnetin (Khaki et al., 2009).
These antioxidants protect DNA and other important
molecules from oxidative damage (Abdel-Moneim et al.,
2020; Abdel-Moneim et al., 2021).
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Cinnamomum zeylanicum (cinnamon) is one of the
oldest herbal medicines (4,000 years ago). The essential
oil of C. zeylanicum bark is rich in trans-cinnamalde-
hyde, which exhibits antimicrobial action against animal
pathogens that cause food poisoning, such as spoilage
bacteria and fungi (Abd El-Hack et al., 2020). Cinna-
mon oil and extracts possess antioxidant activity that is
attributed to phenolic and polyphenolic compounds
(Tomaino et al., 2005), including cinnamaldehyde, euge-
nol, and carvacrol (Tabak et al., 1999). Cinnamon
extract inhibits Helicobacter pylori when used at a con-
centration range of common antibiotics (Tabak et al.,
1999).

Aromatic plants and their essential oils have been used
as alternatives to antibiotics. Their action is due to their
antioxidant and antimicrobial effects, with the advantage
of showing also simulative effects on the digestive system
(Ertas et al., 2005). Lee et al. (2004) found that the addi-
tion of cinnamon into broilers’ diet improved their growth
performance, with increased body weight gain and
decreased feed conversion ratio, which was attributed to
the presence of cinnamaldehyde and eugenol.

The present study aimed to investigate the effects of
dietary dried onion and cinnamon on the laying perfor-
mance, egg quality, serum lipid profile, and immune
responses of Japanese quail in order to evaluate their
potential as growth promoters’ equivalent to conven-
tional antibiotics in quail diets.
Table 1. Composition and calculated analysis of the experimen-
tal basal diet.

Ingredients Content (%)

Yellow corn 49.25
Soybean meal (48%) 32.18
Starch 10.15
Di-calcium phosphate 1.16
Limestone 6.50
MATERIALS AND METHODS

Experimental Site and Birds

This study was conducted at the Poultry Research
Laboratory, Department of Animal and Fish Production,
Faculty of Agriculture (Saba Basha), Alexandria Univer-
sity, Egypt, during the winter season (from December
2016 to February 2017). The average daily low and high
temperatures were 17.4°C and 18.8°C, respectively.

One hundred and twenty 12-weeks-old laying quails
were randomly allocated into five groups (each consist-
ing of four cages with six quails per cage). All birds were
weighed, assigned to experimental groups, and groups
were balanced according to body weight.
Vitamin and minerals mixture* 0.30
Salt (NaCl) 0.30
Calculated analysis*
Crude protein, % 19.63
ME, Kcal/kg diet 2830
Ether extract, % 2.19
Crude fiber, % 2.21
Methionine, % 0.44
Methionine + cystine, % 0.72
Lysine, % 1.01
Calcium, % 2.82
Available phosphorus, % 0.33

*Each kg of vitamin and minerals mixture contained 10,000 IU vitamin
A; 3,500 IU vitamin D3; 35 IU vitamin E; 1.67 mg vitamin K; 1.67 mg
vitamin B1; 2 mg vitamin B2; 3.67 mg vitamin B6; 0.012 mg vitamin B12;
16.7 mg nicotinic acid; 6.67 mg pantothenic acid; 0.07 mg biotin; 1.67 mg
folic acid; 400 mg choline chloride; 80 mg zinc; 90 mg manganese; 25 mg
iron; 1.67 mg copper; 0.8 mg iodine; 0.033 mg selenium; and 133.4 g mag-
nesium. Calculated analysis was carried out according to NRC(1994).
Experimental Design

Dietary treatments were as follows: control, basal diet
without any supplementation; basal diet + the macrolide
antibiotic “tylosin” (100 mg tylosin/kg feed; Chemical
Industries Development, Giza, Egypt) used as a positive
control; basal diet + dried onion (800 mg/kg feed) (com-
mercial product from Imtenan Company, Alexandria,
Egypt); basal diet + dried cinnamon (800 mg/kg feed)
(commercial product from American Garden, New York,
NY); and basal diet + a mixture of dried onion and dried
cinnamon (each 400 mg/kg feed) according to
Kumar et al. (2003). According to the providers, concen-
trations of total phenolics (mg gallic acid equivalent/g
dry matter) and total flavonoids (mg quercetin/g dry
matter) of dried onion and ground cinnamon were 4.25
§ 0.08 and 2.8 § 0.05, and 27.45 § 0.84 and 8.97 § 0.62,
respectively.
Each treatment was replicated 4 times, with 6 hens in

each replicate, thus using a completely randomized
design. Birds were distributed equally and randomly in
wire cages (replicate). All quails were reared in wire
cages under the same managerial, hygienic, and environ-
mental conditions. All laying hens were exposed to 16 h
of continuous light per day during the experimental
period. Feed and water were available ad libitum
throughout the laying period from 12 to 21 weeks of age.
The basal diet was formulated to meet the birds’ dietary
nutrient requirements, according to NRC (1994). The
basal diet composition is summarized in Table 1.
Performance of Laying Quail and Egg
Parameters

The feed conversion ratio was calculated as g feed/g
egg. Feed intake, laying rate, number of eggs, and egg
weight were monitored daily. Egg quality measurements
were conducted using an average of 21 eggs from each
treatment and were performed over two consecutive
days per month.
Shell thickness was determined from measurements of

the mean thickness at three locations on the egg (air cell,
equator, and pointed end) using a dial pipe gauge (0.01−20
mm; Mitutoyo, Tokyo, Japan; Abd El-Moneim and
Sabic, 2019). Yolk cholesterol (mg/dL) was determined
using nine eggs (at 21 weeks of age) from each treatment
and measured by the method described by Fisher and Lev-
eille (1957) and modified by Washburn and Nix (1974).
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Total lipids content (mg/dL) were extracted with chloro-
form: methanol (2:1 vol: vol) from 0.8 g of yolk according
to the method described by Folch et al. (1957). The mea-
surement of the yolk color score was determined using a
yolk color fan with a 1−15 scale, according to
Dewanti et al. (2019).
Serum Lipid Profile and Antioxidative
Properties

At the end of the experiment, blood samples were col-
lected from the brachial vein of four hens randomly
selected from each group. The serum was immediately
centrifuged at 2058 x g for 15 min and stored at �18°C
until use. The serum contents of lipid profile, total anti-
oxidant potential, and malondialdehyde (MDA; mea-
sured as thiobarbituric acid reactive substances
[TBARS]) were calorimetrically determined using com-
mercial kits (Biomerieux, Poains, France; Abd El-Mon-
eim et al., 2019).
Immune Responses Parameters

Serum immunoglobulin (Ig) fractions were deter-
mined as described by Mancini et al. (1965). The foot
web index was used as an index of the cell-mediated
response and determined using the methods described
by Smits et al. (1999).
Statistical Analysis

Before data analysis, data were firstly subjected to
testing the homogeneity of variance using Levene’s test.
Differences in outcomes between treatments were ana-
lyzed by one-way ANOVA using SPSS for windows ver-
sion 11.0. The experimental unit of the study was the
cage with 6 quails in each. Significant differences among
treatments were determined using Duncan’s multiple-
range test, and calculation of sample size was performed
using Post hoc analysis. The analysis power was 85%
and the error type 1 was 0.05.
Table 2. Effect of tylosin, dried onion, dried cinnamon, and a mixture
nese quail.

Variables Control Tylosin

Laying performance
Body weight change, g 18.24b § 0.79 22.93ab§ 2.18
Laying rate %, hen-day 62.70b § 1.13 67.71ab § 0.26
Egg number, hen/day 0.627b § 0.01 0.677ab § 0.00
Mean egg weight, g 11.92c § 0.44 13.35a § 0.18
Egg mass/hen/day, g 7.49c § 0.40 9.04ab § 0.13
Feed consumed /hen /day, g 31.72 § 0.19 31.58 § 0.30
Feed conversion ratio 4.27a § 0.22 3.49bc § 0.05

Body weight change, g: live body weight of each bird was recorded at the be
body weight was calculated. Experimental diets; control: basal diet alone with
feed); onion: basal diet + dried onion (800 mg/kg feed); cinnamon: basal diet +
mixture of dried onion and cinnamon (each 400 mg/kg feed).

a-cValues with different letters within a row are significantly different (P < 0
dard error).
RESULTS

Performance of Laying Quail

Laying Japanese quails showed differences (P < 0.05)
among dietary treatments in terms of body weight, lay-
ing rate, egg weight, egg number, egg mass, and feed
conversion ratio (Table 2). In general, dietary supple-
mentation with onion or cinnamon increased (P < 0.05)
body weight compared to the control treatment in laying
quails (Table 2).
The highest laying rate, egg number, egg mass, and

the lowest feed conversion ratio were observed in
quails dietary supplemented with cinnamon, followed
by that dietary supplemented with tylosin (Table 2).
The highest mean egg weight was observed in hens
fed the diet supplemented with tylosin, followed by
those fed the diets supplemented with cinnamon
(Table 2).
Egg Quality and Egg Yolk Lipid Profile

The effects of tylosin and phytogenic (cinnamon and
onion) feed supplements on egg quality are summarized
in Table 3. Egg weight, absolute eggshell weight (g),
eggshell percentage, egg specific gravity, albumen
weight and height, and yolk index were not affected by
dietary supplements (Table 3).
The absolute and the percentage yolk weight was the

highest in quails that received feed supplemented with
tylosin (Table 3). Yolk color showed the best values in
quails that received feed supplemented with onion alone
or tylosin (Table 3). Eggshell thickness did not differ
among onion or/and cinnamon supplemented groups,
however, tylosin supplementation resulted in lower val-
ues (P < 0.05) for eggshell thickness than that of the
controls (Table 3).
The total lipid in yolk was lower (P < 0.05) in quails

that received phytogenic feed supplements and tylosin
than that received the basal diet (Table 3). The yolk
with the lowest total lipid levels was observed in quails
that received both onion and cinnamon (33.5% <
of dried onion and dried cinnamon on performance of laying Japa-

Onion Cinnamon Onion + cinnamon

24.44a § 1.70 24.10a § 1.51 23.58a § 2.05
63.74b § 4.07 75.00a § 2.63 63.14b § 4.50
0.637b § 0.04 0.750a § 0.03 0.631b § 0.04
12.38bc § 0.19 13.17ab § 0.30 12.31bc § 0.20
7.89bc § 0.51 9.89a § 0.47 7.79bc § 0.64
31.30 § 0.26 31.62 § 0.16 31.27 § 0.61
4.02ab § 0.26 3.22c § 0.16 4.09ab § 0.30

ginning and at the end of experimental period and then the change in live
out any supplementation; tylosin: basal diet + tylosin (100 mg tylosin/kg
dried cinnamon (800 mg/kg feed); and onion + cinnamon: basal diet + a

.05) according to Duncan’s multiple range test; values are means § (stan-



Table 3. Effect of tylosin, dried onion, dried cinnamon, and a mixture of dried onion and dried cinnamon on egg quality of laying Japa-
nese quail.

Variables Control Tylosin Onion Cinnamon Onion + cinnamon

Egg quality
Egg weight, g 13.95 § 0.12 13.95 § 0.11 13.90 § 0.11 13.87 § 0.06 13.97 § 0.15
Egg specific gravity 1.068 § 0.002 1.067 § 0.002 1.064 § 0.001 1.063 § 0.001 1.065 § 0.001
Albumen height, mm 3.21 § 0.10 3.01 § 0.10 3.18 § 0.13 3.25 § 0.12 3.16 § 0.09
Albumen weight, g 7.80 § 0.13 7.61 § 0.10 7.65 § 0.11 7.74 § 0.09 7.65 § 0.12
Albumen % 55.83 § 0.48 54.55 § 0.47 54.98 § 0.47 55.75 § 0.41 54.69 § 0.36
Yolk weight, g 4.80b§ 0.03 4.96a§ 0.06 4.88ab § 0.04 4.80b § 0.03 4.87ab § 0.03
Yolk % 34.45b § 0.33 35.60a § 0.33 35.14ab § 0.34 34.61b§ 0.28 34.8ab § 0.27
Yolk color 5.09c § 0.25 6.45ab § 0.39 7.00a § 0.33 5.27c § 0.19 5.91bc § 0.37
Yolk index 465.43 § 5.25 488.44 § 8.57 483.04 § 5.25 492.94 § 8.85 490.76 § 13.31
Egg shell weight, g 1.35§ 0.02 1.37 § 0.03 1.37 § 0.04 1.34 § 0.02 1.45 § 0.04
Egg shell % 9.72ab § 0.16 9.85ab § 0.23 9.88ab § 0.26 9.64b § 0.17 10.42a § 0.28
Egg shell thickness, mm 0.255a § 0.008 0.232b § 0.005 0.249ab§ 0.005 0.237ab § 0.007 0.248ab § 0.006

Experimental diets; control: basal diet alone without any supplementation; tylosin: basal diet + tylosin (100 mg tylosin/kg feed); onion: basal
diet + dried onion (800 mg/kg feed); cinnamon: basal diet + dried cinnamon (800 mg/kg feed); and onion + cinnamon: basal diet + a mixture of dried
onion and cinnamon (each 400 mg/kg feed).

a-eValues with different letters within a row are significantly different (P < 0.05) according to Duncan’s multiple range test. Values are means § (stan-
dard error).

Table 4. Effect of tylosin, dried onion, dried cinnamon, and a mixture of dried onion and dried cinnamon on egg yolk lipid profile of lay-
ing Japanese quail.

Variables Control Tylosin Onion Cinnamon Onion + cinnamon

Egg yolk lipid profile
Total lipids, mg/g yolk 364.33a§ 2.54 335.78b§ 2.92 301.00c§ 6.34 275.78d § 4.18 242.11e § 4.56
Total cholesterol, g/100 g yolk 19.15a § 0.28 18.10b § 0.03 17.14c § 0.03 16.71d § 0.10 16.09e § 0.01

Experimental diets; control: basal diet alone without any supplementation; tylosin: basal diet + tylosin (100 mg tylosin/kg feed); onion: basal
diet + dried onion (800 mg/kg feed); cinnamon: basal diet + dried cinnamon (800 mg/kg feed); and onion + cinnamon: basal diet + a mixture of dried
onion and cinnamon (each 400 mg/kg feed).

a-eValues with different letters within a row are significantly different (P < 0.05) according to Duncan’s multiple range test. Values are means § (stan-
dard error).
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control), followed by cinnamon alone (24.3% < control),
onion alone (17.4% < control), and tylosin (7.8% of con-
trol; all P < 0.05; Table 4).

Egg yolk cholesterol was lower in quails that received
any supplements than quails that received the basal
diet, with the lowest cholesterol levels observed in those
receiving both onion and cinnamon (16.0% < control),
followed by cinnamon (12.7% < control), onion (10.5%
< control), and tylosin (5.5% < control; Table 4).
Table 5. Effect of tylosin, dried onion, dried cinnamon, and a mixture
oxidant potential of laying Japanese quail.

Variables Control Tylosin

Total lipid (mg/dL) 470.00a § 30.83 330.03b § 15.20
Triglycerides (mg/dL) 218.00 § 8.39 208.67 § 5.17
Cholesterol (mg/dL) 167.67a § 6.89 164.67a § 4.33
HDL (mg/dL) 75.00 § 4.04 65.33 § 2.33
LDL (mg/dL) 50.33ab § 3.53 55.33a § 4.84
HDL/LDL (ratio) 1.49a § 0.055 1.19a § 0.08
Antioxidant potential
TAC (mmol/mL) 0.343 § 0.06 0.370 § 0.03
MDA (nmol/mL) 17.60a § 1.14 14.77ab § 0.91

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein
a-bValues with different letters within a row are significantly different (P < 0

dard error).
Biochemical Analysis

Serum Lipid Profile Concentration of total serum lip-
ids was lower (P < 0.05) in quails fed with the supple-
mented diets than those of the control group (Table 5).
However, the dietary supplements did not affect triglyc-
eride levels (Table 5).
Serum total cholesterol decreased in quails received

dietary cinnamon compared to the control while values
of dried onion and dried cinnamon on serum lipid profile and anti-

Onion Cinnamon Onion + cinnamon

375.33b § 27.02 348.67b § 24.37 315.33b § 2.73
215.00 § 16.26 196.00 § 7.94 199.67 § 16.59

152.67ab§ 8.51 133.33b§ 5.36 149.33ab § 15.30
62.67 § 3.18 66.00 § 5.51 75.00 § 4.04

54.00ab § 5.51 40.33b § 1.76 47.33ab § 4.256
1.18a § 0.12 1.65a § 0.21 1.65a § 0.22

0.360 § 0.02 0.383 § 0.01 0.377 § 0.02
11.67b § 0.43 14.13b § 1.34

; MDA, malondialdehyde; TAC, total antioxidant capacity.
.05) according to Duncan’s multiple range test; values are means § (stan-



Table 6. Effect of tylosin, dried onion, dried cinnamon, and a mixture of dried onion and dried cinnamon on immune responses of laying
Japanese quail aged 18 weeks.

Variables Control Tylosin Onion Cinnamon Onion + cinnamon

IgG (mg/dL) 236.67 § 21.86 236.33 § 20.09 246.33 § 19.72 202.00 § 11.06 290.00 § 45.90
IgM (mg/dL) 20.61b § 0.95 23.33ab § 0.38 23.80ab § 1.15 26.43a § 0.80 25.05a § 1.29
FWI (mm) 0.193b § 0.02 0.206b § 0.01 0.330a § 0.05 0.240b§ 0.02 0.200b § 0.01

Abbreviations: FWI, Foot Web Index; IgG, Immunoglobulin G; IgM, Immunoglobulin M.
a-bValues with different letters within a row are significantly different (P < 0.05) according to Duncan’s multiple range test; values are means § (stan-

dard error).
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of the other groups were not different from that of the
control (Table 5). Total cholesterol level did not differ
considerably between quails that received tylosin supple-
ment and quails that received the basal diet (Table 5).

The high-density lipoprotein (HDL) was not affected
by any dietary supplement (Table 5). On the other
hand, only cinnamon supplementation lowered (P <
0.05) low-density lipoprotein (LDL) levels compared to
tylosin supplementation.
Antioxidant Potential and MDA Content Data con-
cerning blood serum antioxidant parameters are illus-
trated in in Table 5. The dietary supplementation with
onion and/or cinnamon appeared to have improved oxi-
dative stability as shown by the decrease of serum lipid
peroxidation (P < 0.05), expressed as serum MDA, in
the range of 19.7 to 33.7%, with the lowest value
observed with 800 mg cinnamon. This concentration of
cinnamon also numerically increased the serum total
antioxidant potential.
Immune Response Parameters The effect of tylosin,
dried onion, dried cinnamon, and a mixture of onion and
cinnamon on immune-related parameters (IgG and IgM)
are summarized in Table 6. The feed supplements inves-
tigated in the current study did not show a considerable
effect on IgG levels (Table 6). IgM level was higher in
quails that received all the feed supplements (Table 6).

Cellular immunity, assessed as the foot web index,
was compared between different feed supplements, and
the results are presented in Table 6. We observed that
the foot web index was higher (P < 0.05) in hens that
received 800 g dried onion supplement than in hens that
received other supplements (Table 6).
DISCUSSION

In Japanese quail-fed herbal additives, our results
showed significant differences among dietary treatments
regarding body weight, laying rate, egg weight, egg num-
ber, egg mass, and feed conversion ratio. A study by
Şimşek et al. (2015) reported that dietary inclusion of
200 ppm cinnamon extract increased egg production of
laying quails (59.40 vs. 50.92 for control), and enhanced
intestinal length, intestinal villi depth and width, and
nutrient absorption. In another study on laying hens,
Torki et al. (2015) revealed that egg production, mass,
and weight were higher (89.37 vs. 80.45, 55.45 vs. 51.45,
and 62.36 vs. 61.77, respectively) in birds treated with
40 mg/kg cinnamon compared to the control. They also
noticed a decrease in the feed conversion ratio of hens
fed a diet supplemented with cinnamon than those fed
the basal diet.
In contrast, in a study by Vali and Mottaghi (2016),

dietary inclusion of cinnamon (1−2%) showed no effect
on egg mass in Japanese quail. At the same time, Anand
et al. (2010) observed that cinnamaldehyde, the active
component of cinnamon, increased insulin release from b
cells. Insulin regulates carbohydrate, fat, and protein
metabolism and stimulates amino acid uptake, protein
synthesis, and glucose utilization (Anand et al., 2010).
Furthermore, high insulin levels may improve the feed
conversion ratio. Previous studies suggest that antioxi-
dants help prevent nutrient oxidation and modification
(Dieber-Rotheneder et al., 1991). Results of the present
study regarding onion supplementation are in agreement
with those of Damaziak et al. (2017), who observed no
effect of dietary supplementation of onion extracts on
average egg production rate or feed conversion ratio
(P = 0.078). Goodarzi et al. (2013) reported that birds
fed 10 g onion bulb/kg diet did not differ from those fed
a control diet. These effects of dietary supplements on
laying productivity may be attributed to their high con-
tents of phenolics and flavonoids compounds. These
phytochemicals have numerous biological properties,
including hypolipidemic, antioxidant, and anti-inflam-
matory activities, which directly and/or indirectly con-
tributes in improving birds’ laying performance.
Liu et al. (2014) observed a positive correlation between
egg production and quercetin content in the feed mix-
ture. Nevertheless, the excess flavonoids in feed mixtures
of laying hens may produce antagonistic effects on phy-
toestrogens by reducing their association with the estro-
gen receptor, resulting in delayed or decreased egg
production as compared with cinnamon-supplemented
diets (Martin et al., 1978).
The results regarding the effects of tylosin and phyto-

genic (cinnamon and onion) feed supplements on egg
quality showed that egg weight, absolute shell weight,
egg specific gravity, albumen weight and height, and
yolk index were not affected by these supplements
(Table 3). These results are in agreement with those of
Sharma et al. (2009), who found that cinnamon supple-
mentation exerted no beneficial or detrimental effects on
egg quality traits of White Leghorn hens apart from a
decrease in yolk cholesterol (9.5−16.9% < control) from
week 8 onward. However, Simsek et al. (2015) demon-
strated positive effects of cinnamon supplementation on
eggshell quality. Vali et al. (2013)demonstrated that
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cinnamon supplementation improved all egg quality
parameters except yolk weight in Japanese quail.
Liu et al. (2014) observed no effect of onion quercetin on
the quality traits of eggs in laying hens. Moreover,
Damaziak et al. (2017) reported that onion extract in
the hen diet was beneficial in terms of increasing the egg
weight, yolk weight, yolk weight ratio, and albumen
quality (expressed in Haugh units).

The total serum lipids were lower in quails that
received feed with supplements than quails that received
the basal diet; however, the supplements did not affect
triglyceride levels (Table 4). The enzyme 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitor effectively lower plasma cholesterol in most
animal species, including humans (Alberts, 1988). Cin-
namic acid (0.02%, w/w) and its synthetic derivatives
(HPP304, HPP305) inhibit hepatic HMG-CoA reduc-
tase activity and decrease serum total cholesterol levels
(Lee et al., 2007). Dietary supplementation with cinna-
mon decreased serum cholesterol levels in broilers (Al-
Kassie, 2009) and plasma cholesterol (10−25%), trigly-
cerides, and LDL levels in White Leghorn laying hens
(Sharma et al., 2009). In contrast, Torki et al. (2015)
observed no effects of cinnamon essential oil on serum
cholesterol levels in laying hens. Onion peel extract sup-
plementation to a high-fat diet decreased the serum level
of LDL-cholesterol and increased the level of HDL cho-
lesterol in male Sprague Dawley rats. However, total
cholesterol and triglyceride levels remained unaffected
(Chung et al., 2011).

The effect of onion on lipid profiles has been described
as sulfur-containing molecules that oxidize thiol com-
pounds and NADPH, which is necessary for lipid synthe-
sis (Sebastian et al., 1979). The lipid-lowering action of
S-methyl cysteine sulfoxide (SMCS) isolated from
onion was investigated in Sprague Dawley rats fed a 1%
cholesterol diet (Kumari and Augusti, 2007). The lipid
profiles in serum and tissues showed that cholesterol, tri-
glycerides, and phospholipids were lower in treated rats
than in their untreated counterparts (Kumari and
Augusti, 2007).

Antioxidative mediators are essential for poultry
nutrition as they decrease lipid peroxidation, improve
organoleptic characteristics and nutritional value of
eggs, and extend egg shelf life (Fellenberg and
Speisky, 2006). Apart from being effective antioxidants,
flavonoids possess immunomodulatory and, in particu-
lar, anti-inflammatory properties (Serafini et al., 2010).
The most effective feature of quercetin as an antioxidant
agent in onion is its ability to scavenge free radicals
(reactive oxygen species), which are associated with can-
cer, diabetes, and chronic inflammation (Alrawaiq and
Abdullah, 2014). However, reactive oxygen species play
a major role in promoting cell growth and differentia-
tion, physiological stress, and immune responses and
protecting cells from pathogen invasion.

In an in vitro study carried out by Pietta (2000), fla-
vonoids acted as preventive, chain-breaking antioxi-
dants by scavenging superoxide, alkoxyl, peroxyl, and
hydroxyl radicals; preventing LDL oxidation; and
generating large amounts of simple phenolic acids, which
positively influenced the scavenging activity of other
antioxidants. Another study by Prakash et al. (2007)
showed that onion is a rich source of polyphenols with
promising antioxidant and free radical scavenging
potential and protects against DNA damage induced by
reactive oxygen and nitrogen species.
Phenolic content and antioxidant activity were higher

in the essential oils of red onion than in garlic essential
oils (Abdel-Salam et al., 2014). Peluso et al. (2015) dem-
onstrated that the ethanol extract of onion peel exerts
strong antioxidant activity and proposed quercetin and
polyphenol as the major components responsible for this
effect. Thus, an onion peel supplement improved the
immune status. Ciftci et al. (2010) reported that cinna-
mon oil (1,000 ppm) decreased MDA levels in meat of
broilers. This effect resulted from the antioxidant activ-
ity of cinnamon oil (Lin et al., 2003).
In the current study, the cellular immunity, assessed as

the foot web index, was compared among different feed
supplements (Table 6), and we observed that the foot
web index was higher in hens that received 800 g onion
supplement than in hens that received other supplements
(Table 6). A previous study by Song et al. (2013) reported
that IgG and IgM levels were higher (P < 0.05) in animals
fed 5% cinnamon powder than in controls. Cinnamon
infusion increased titers of antibodies against Newcastle
disease virus (NDV; Sadeghi et al., 2012).
Goodarzi et al. (2013) noted that dietary supplementa-
tion with 10 and 30 g onion bulb/kg diet showed no effect
on anti-NDV titers. Moreover, the lymphoid organ
weights were heavier in birds fed a diet supplemented
with 30 g/kg onion. However, Lee et al. (2014) observed
that an onion peel extract supplement at 4, 20, or
100 mg/kg improved the immune status of rats by
increasing the number of immune-related cells and spe-
cific cytokine levels. The immunomodulating impact of
dried onion and ground cinnamon can be attributed to
their polyphenols and flavonoids. Abdel-Moneim et al.
(2020) reported that polyphenols could regulate the
immune response of birds by modulating the function of
immune cells via their binding to cell receptors and conse-
quently altering the cellular signaling pathways.
Based on the experimental findings, the effects of die-

tary dried onion and dried cinnamon on the laying per-
formance, egg quality, serum lipid profile, and immune
responses of Japanese quail were promising. Dietary cin-
namon improved the laying rate and feed conversion
ratio of laying quails. Moreover, these birds had better
blood serum parameters, egg yolk lipid profiles, and
immune responses than the control birds. Our results
also suggested that the dietary inclusion of dried onion
plus dried cinnamon could be applied as natural plant
materials to enhance the performance, egg quality, and
immunity in laying Japanese quail diets without detri-
mental effects on birds. These results are necessary for
the support of global trend toward organic poultry pro-
duction. However, because of the relatively small sample
size used in the present study, examining the results
obtained on a large scale is required.
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