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Effects of orange peel powder on performance and egg quality parameters
of laying Japanese Quail
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ABSTRACT: This research was conducted to determine the effects of adding different doses (0%, 1%, 2%, and
3%) of Jafa orange peel powder (OPP) to the diets of laying Japanese quail (Coturnix coturnix japonica) on
their laying performance and egg quality parameters. A total of 160 quail were used in four treatment groups
with five replications, each containing 6 females and 2 males. While the effect of OPP supplementation on feed
intake (FI) was significant at week 4 (P<0.05), the feed conversion ratio (FCR) was not improved in the 1% and
2% OPP-supplemented groups as feed intake increased. No significant differences were found between groups
in terms of egg weight, eggshell breaking strength, shape index, albumen index, yolk index, Haugh unit, or shell
thickness (P>0.05). Significant differences were observed in shell weight and egg yolk density at week 2 and in
shell thickness and yolk weight at week 4 (P<0.05). In conclusion, it was determined that the addition of OPP to
Japanese quail diets at doses of 1 and 2% resulted in a quadratic increase in FI during weeks 3 and 4. However, this
addition did not result in a significant improvement in FCR or the quality of internal or external egg parameters.
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INTRODUCTION

ruit and vegetable wastes from agriculture-based

industries contain rich nutrients that can be used
as substitutes or additives in animal diets. In partic-
ular, citrus peels are rich in nutrients and bioactive
compounds that can enhance digestibility when in-
corporated into poultry and quail diets. In orang-
es, the peel constitutes approximately 30% of the
fruit, and the highest concentrations of flavonoids
are found in the peel (Sawalha et al., 2009; Vlaicu
et al., 2020; Seidavi et al., 2020; Saini et al., 2022;
Suri et al., 2022; Garcia et al., 2024; Saed et al.,
2024). As demonstrated in the relevant literature,
citrus peels contain significant amounts of bioactive
compounds including, but not limited to, phenolic
acids (e.g. ferulic acid, p-coumaric acid, chlorogenic
acid) (Zou et al., 2016), flavonoids (e.g.hesperidin,
naringin, nobiletin, tangeretin), and essential oils
(D-limonene, linalool, a-terpinol) (Mahato et al.,
2009; Khan and Dangles, 2014). Citrus peels con-
tain 20—50 mg/g polyphenols (e.g., hesperidin) and
15.1% crude fiber (Turhan et al., 2006), enhancing
digestibility via pectin-mediated gut health modu-
lation (Ghasemi et al., 2010). Research has shown
that these by-products are effective in providing nu-
trition to both laying and broiler chickens, which
can reduce animal feeding costs as well as prevent
environmental pollution (Yenigeri et al., 2022). Ad-
ditionally, fruit wastes enhance the palatability and
digestibility of feeds, promoting feed consumption
and reducing costs (Chaudry et al., 2004).

Feed additives and growth stimulants are used to
increase the growth and laying performance of poul-
try, and the effects of adding medicinal and aromatic
plants to diets are being increasingly studied. The
phenolic compounds in these plants are important as
alternatives to antibiotics for enhancing performance
and producing antioxidant-rich eggs (Goliomytis et
al., 2018). Furthermore, fruit and vegetable residues
(peels, leaves, seeds, pulp) have great potential as
natural feed additives due to their rich antioxidant
and phenolic contents (Wadhwa and Bakshi 2013;
Barbosa et al., 2021; Erinle and Adewole 2022; Un-
tea et al., 2023; Zeng et al., 2023).

Research has indicated that citrus by-products
have the potential to improve feed utilization, support
intestinal health, and enhance the quality of animal
products (Bampidis and Robinson, 2006; Ebrahimi
etal., 2015; Vlaicu et al., 2020 ). Orange peel pow-
der is rich in flavonoids, phenolic compounds, and
essential oils, which can support the immune system

of poultry and increase feed digestibility (Ghasemi
et al., 2010; Readh et al., 2023). Because of their
antioxidant properties, these substances also provide
protection against stress factors. Orange peel powder
added to laying quail diets can increase antioxidant
activity without affecting egg quality (Y1ildiz et al.,
2023). However, since high doses of additives may
produce toxic effects, the dosage should be carefully
evaluated. In broilers, doses above 4% have been
associated with liver stress due to limonene accu-
mulation (Abd EI Latif et al., 2023).

In Turkey’s 2.3 million tons of orange production,
Adana has the highest share, with 27%, followed
by Antalya (25%) and Hatay (21%) (Aygoren et al.
2025). In addition, 85% of production is concentrat-
ed in the Mediterranean region and 15% in the Aege-
an region. Washington Navel, Valencia, and Jaffa are
the main orange varieties grown in Turkey. The Jaffa
variety, in particular, stands out for its thick peel and
aromatic properties. Jaffa peels were selected due to
their higher hesperidin content (12.3 mg/g vs. 8.7
mg/g) and thicker peel structure compared to the
Valencia cultivar. This structural feature ensures the
preservation of phenolic compounds during drying
(Afifi et al., 2023) while also contributing to feed
stability. Dried orange peel, with high contents of vi-
tamin C, flavonoids, and essential oils, can positively
affect animal health and performance. Orange peel
consists of the flavedo layer, which contains carot-
enoid pigments on the outside, and the albedo layer,
which contains nutrients, pectin, and water-carrying
vessels on the inside (Manthey et al., 2001; Liu et al.,
2012; Marin et al., 2007; Ladaniya, 2010). The dried
peel is ground into powder, while oil is obtained
from oil cells in the flavedo layer (Turhan et al.,
2006). Orange peel oil contains 1.48% essential oil,
which has more than 200 components (Kamaliroosta
etal., 2016). This oil is also rich in phytochemicals
such as d-limonene, hesperetin, and naringenin. Na-
ringenin and hesperetin, in particular, stand out for
their chemical protective and anticholesterolemic
properties (Palazzolo et al., 2013). The amount and
effect of active substances depend on the variety
of orange and the soil and climate characteristics
of the region where it is grown (Filik and Kutlu,
2015). However, studies on the addition of dried and
powdered forms of orange by-products to diets have
generally been conducted in laying hens and broilers,
with limited research on Japanese quail (Coturnix
coturnix japonica). Most studies have focused on
orange peel oil and extract, and reported that low-
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dose use improves performance and egg quality pa-
rameters (Eratak et al., 2023). Various studies have
demonstrated that the incorporation of orange peel,
in amounts ranging from 0.1% to 12% of the diet of
laying hens (Yang and Choung, 1985; Chowdhury et
al., 2008; Nazok et al., 2010; Ahmed et al., 2022) and
quails (Florou-Paneri et al., 2001; Hasin et al., 2006;
Goliomytis et al., 2018; Sevim et al., 2021; Yildiz et
al., 2023) has a positive impact on feed intake and
egg quality traits such as shell thickness and yolk
color. Moreover, this addition does not have a det-
rimental effect on hatchability or embryo viability,
and reports have indicated that it can increase yield
performance without harming animal health (Yang
and Choung, 1985; Florou-Paneri et al., 2001; Hasin
et al., 2006; Chouwdhury et al., 2008; Nazok et al.,
2010; Goliomytis et al., 2008; Sevim et al., 2021;
Ahmed et al., 2022; Yildiz et al., 2023).

Recently, microbial fermentation has gained
significant interest in the utilization of agro-in-
dustrial residues due to its capacity for large-scale
treatment and enhancement of the nutritional value
and functional attributes of these residues. It has
been reported that microbial fermentation could im-
prove the digestibility and palatability of agricultural
by-products, alongside the reduction in toxic com-
ponents of the by-products (Munteka et al.,2021).
Co-fermentation of citrus residue with Aspergillus
Niger, Candida tropicalis, Lactobacillus plantarum,
and Bacillus subtilis significantly enhanced the pro-
tein content while substantially reducing the crude
fiber content of citrus residue (Mei et al., 2022).
In addition, several studies have demonstrated that
the incorporation of microbial fermented citrus peel
meal as a partial substitute for corn in chicken di-
ets can significantly enhance growth performance,
reduce the feed-to-gain ratio, and exhibit potential
improvements in oxidative stability of unsaturated
fatty acids in meat (Oyewole et al., 2012; Ahmed
et al.,2014; Hu et al., 2022; Saed et al., 2024; Liu
et al., 2024).

Quail (Coturnix coturnix japonica) is a fre-
quently used model species in poultry research due
to its rapid growth, short production cycles, and
sensitivity to environmental factors (Baer et al.,
2015). In laying quail, performance, egg quality
characteristics, hatching efficiency, and embryonic
development are important indicators for evaluating
the success of production systems and the effec-
tiveness of feed additives. As it is known, quality
parameters such as egg weight, shell thickness, al-

bumen ratio, and yolk color intensity are directly
affected by nutrition.

A review of the extant literature about the per-
formance and egg quality characteristics of laying
quails reveals a significant paucity of research on
the potential effects of citrus peels. The studies were
generally conducted on ruminant animals or focused
on the use of orange peel in laying hens (Yang and
Choung, 1985; Hasin et al., 2006; Couwdhury et al.,
2008; Nazok et al., 2010; Goliomytis et al., 2018;
Ahmed et al., 2022). In particular, the effects of Jaf-
fa orange peel on laying Japanese quail have not
been sufficiently investigated. Studies focused on
quail have emphasized performance metrics (feed
intake and feed conversion ratio) and egg quality
parameters as critical indicators for evaluating the
efficacy of feed additives (Baer et al., 2015). How-
ever, systematic evaluations of the effects of citrus
by-products in quail diets are still insufficient. Few
studies in the literature have examined the use of
orange peel powder in poultry feeding, particularly
in terms of the nutrition of Japanese quail. There-
fore, this research aims to contribute to the existing
literature in related fields with the findings obtained
and to contribute to field applications in this regard
by using orange peel powder as an alternative feed
additive in poultry feeding.

The objective of this study is to investigate the
impact of incorporating different doses of Jaffa or-
ange peel powder, which has not been investigated
before, into the diets of laying Japanese quail (Co-
turnix coturnix japonica) on feed intake, feed con-
version rate, and internal and external egg quality
parameters.

MATERIALS AND METHODS

Feed materials

Jaffa oranges (250 kg) were purchased from Nigde
Fruit and Vegetable Wholesale Market. After wash-
ing the oranges in water, they were drained, and their
peels were removed. The orange peels were blended,
weighed, placed in aluminium foil containers, and
kept in a drying cabinet (Memmert UF 1060) for two
days (48 hours) at 55°C and 60% humidity. During
this period, the samples were mixed twice a day.
The dried samples were then ground in a grinder
(RETSCH, ZM 200; 16,000 rpm) to pass through a
2.0 mm sieve to create a powder. The dried orange
peel powder (OPP) was stored in light-protected,
airtight containers in a refrigerator at +4°C until use
to minimize oxidative degradation of polyphenols

J HELLENIC VET MED SOC 2026, 77 (2)
TIEKE 2026, 77 (2)



10488

O. CIMEN, S. YAMAN FIRINCIOGLU, H. R. KUTLU

(Singleton et al., 1999) and (d-limonene Moufida and
Marzouk, 2003) whilst preserving their antioxidant
properties (Del Caro et al., 2004). This approach
aligns with studies demonstrating the effectiveness
of cold storage for preserving antioxidants in citrus
by-products (Lario et al., 2004) and other fruit peels
(Deng et al., 2018), where low temperature and lim-
ited oxygen exposure were critical factors.

Analysis and nutrient content of dried orange
peel powder and layer hen feed

Approximate analysis of the OPP and commercial
layer hen diet, including dry matter (DM), crude
protein (CP), ether extract (EE), and crude ash (CA)
were conducted according to AOAC (1998). Nitro-
gen content of feeds was determined by Kjeldahl
according to (AOAC, 2005); Method 984.13). Crude
fiber (CF), acid detergent fiber (ADF) and neutral
detergent fiber (NDF) of OPP were determined using
the method of Van Soest et al. (1991). The ingredi-
ents and composition of nutrients in the commercial
layer hen feed are detailed in Table 1, while the
nutrient content of OPP is presented in Table 2.

The total phenolic content was determined by
employing the spectroscopic Folin—Ciocalteu col-
orimetric method at 765 nm, with the results ex-
pressed as Gallic acid equivalents (GAE) following
the methodology described by Spanos and Wrolstad
(1990). The samples were placed into a solution of
Folin—Ciocalteu reagent and sodium carbonate. The
resulting mixture was vortexed and then incubated
in a dark environment at room temperature for two
hours. The TPC value was determined by extrapolat-
ing the calibration line and expressed as gallic acid
(mg) equivalents/mL sample (GAE/g sample). The
Trolox equivalent antioxidant capacity (TEAC) of
the samples was determined according to the method
described by Re et al. (1999).

Experimental design and management
This experiment was conducted in accordance with
the guidelines for the Care and Use of Animals and
was approved by the Animal Research Ethics Com-
mittee of Nigde Omer Halisdemir University (date:
12/01/2023, approval number: 2023/02).

In total, 160 eight-week-old quails were randomly
allocated to four treatment groups, with each group
consisting of five replicates of eight birds each (six
females and two males per replicate). Each repli-
cate group was housed in a 92 x 45 x 25 cm cage
equipped with automatic waterers and feeders. The
cages were kept in a completely enclosed, fan venti-

lated building with a daily light schedule of 16 hours
of light and 8 hours of darkness. During eight weeks
experimental period, quails were fed a commercial
layer hen diet containing 16% CP and 2750 kcal me-
tabolisable energy (ME)/kg (Table 1), supplemented
with OPP at 0%, 1%, 2%, or 3% levels.

Feed was offered to the quails daily and the feed
intake (FI) was recorded. Eggs were collected daily,
their weights were recorded, and the numbers of eggs
per replicate were recorded. The feed conversion
ratio (FCR) was calculated by dividing the amount
of feed consumed by the weight of eggs produced by
each replicate in each treatment group. Feed intake
and FCR were calculated by following formulas:

Feed intake (FI) = Feed intake of 30 quails

_ Weekly feed intake (g)
B Weekly egg weight (g)

FCR

Internal and external egg quality characteristics were
analyzed biweekly in 20 eggs collected from each
group. The collected eggs were weighed using a
0.01 g precision scale, and the lengths and widths
of the eggs were measured using a digital calliper.

Egg Shell Breaking Strength (kg/cm?): The shell
breaking strength was determined using an Egg Force
Reader (Orka Food Technology, Israel). Pressure was
applied to the blunt end of the egg, and the breaking
resistance was recorded in kg/cm?.

Egg Shell Weight (g): After removing the egg
white and yolk, the eggshells were cleaned with cot-
ton and left on a clean surface for 24 hours. Then,
they were weighed using an electronic scale with
0.01 g precision.

Shell Thickness (mm): Eggshells without mem-
branes were left at room temperature for 1 day. Shell
thickness was calculated by taking mean of the blunt,
middle, and pointed parts of the shell, and measure-
ments were performed using a micrometer.

Shape Index (Egg SI)): The width and length of
the egg were measured using a caliper with 0.001
mm precision. The value was calculated using the
following formula (Anderson et al., 2004):

Egg width

—x100
Egg length *

Egg SI (%) =

The heights of the egg whites and yolks were mea-
sured using a tripod micrometer (Doyon et al., 1986).
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Table 1. Ingredients and nutrient composition of the layer feed mixture

Feed ingredients (%)

Corn 59.299
Sunflower meal 22.190
Extruded full-fat soybean 7.970
Limestone 8.856
DCP 18 0.733
Lysine HCL 0.188
Organic Acid 0.185
Methionine 99% 0.059
Salt 0.225
Na Sulfate 0.060
Trace Mineral Premix 0.100
Enzyme+Vitamin Premix 0.100
Toxin Binder 0.100
Choline Chloride 0.035
Nutrient composition of compound feed

ME (kcal/kg) 2750
DM (%) 89.00
CP (%) 16.00
CF (%) 5.90
EE (%) 4.00
CA (%) 12.37
Calcium (%) 4.11
Available phosphorus (%) 0.75
Digestible Lysine 0.65
Digestible Methionine (%) 0.33
Digestible Methionine + Cystine (%) 0.60

*A 2,5 kg vitamin mixture contains 12,000,000 IU Vit. D3, 30,000 mg Vit. E, 5,000 mg Vit. K3, 3,000 mg Vit. B1, 6,000 mg Vit. B2, 5,000
mg Vit. B6, 30 mg Vit. B12, 40,000 mg Nicotinamide, 10,000 mg Calcium-D-pantothenate, 750 mg Folic acid, 75 mg D-Biotin, 375,000 mg
Choline Chloride. **A 1 kg mineral mixture contains 80,000 mg iron, 60,000 mg zinc, 8,000 mg copper, 500 mg iodine, 200 mg cobalt, 150
mg selenium, 10,000 mg antioxidant. ME = Metabolizable Energy; DM = Dry Matter; CP = Crude Protein; CF = Crude Fiber; EE = Ether
Extract; CA = Crude Ash; M+C = Methionine+Cystine.

Using the values obtained above, the yolk and al-
bumen index and Haugh unit (HU) were calculated
following formulas:

g 1 ind %) = Height of egg yolk (mm) 100
99 yolk index (%) = Average length and width of egg yolk (mm) *

Height of egg white (mm)

Egg albumen index (%) = 100

Average length and width of egg white (mm) *

HU = 100 log [h+ 7.57 — 1.7 W™¥7]
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Table 2. Nutritional composition of orange peel powder (OPP), and experimental diet with different

OPP levels included.

Nutrients opPP Calcul‘ated nutrient content of experimental diet with different OPP
levels included
1% OPP 2% OPP 3% OPP
ME (kcal/kg) 2858 2751.08 2752.16 2753.24
DM (%) 95.34 89.06 89.13 89.19
CP (%) 4.86 15.89 15.78 15.67
CF (%) 15.10 5.95 6.00 6.05
EE (%) 0.73 3.97 3.93 3.90
CA (%) 11.00 12.28 12.19 12.09
ADF (%) 14.25
NDF (%) 18.11
TPC (mg, GAE/g)  615.00+1.83
AC (umol trolox/g) 522.73

OPP = Orange Peel Powder; ME = Metabolizable Energy; DM = Dry Matter; CP = Crude Protein; CF = Crude Fiber; EE = Ether Extract; CA =
Crude Ash; ADF = Acid Detergent Fiber; NDF = Neutral Detergent Fiber; TPC = Total Phenolic Content; AC = Antioxidant Capacity; GAE =

Gallic Acid Equivalent.

Where HU: Haugh unit, h: albumen height (mm),
and W: weight of the egg (g).

Yolk Weight, g: The yolks of the measured eggs
were separated from the albumen and weighed using
an electronic scale with a precision of 0.01 g.

The colour of the egg yolk was measured using
a colourimeter (CR-300, Minolta, Osaka, Japan),
which uses reflectometry data in the L*, a*, and b*
colour space to describe colour. Within this colour
space, L* indicates the clarity of the colour, with
L* = 0 for black and L* = 100 for white and a*
quantifies the colour position between green and
red, with b* < 0 for bluer colours and b* > 0 for
yellower colours (Mertens et al., 2010).

Statistical Analysis

The collected research data were compiled using
Microsoft Excel (Version 2016; Microsoft Corp.).
Internal and external egg quality traits, feed con-
sumption, and feed conversion ratio in laying Jap-
anese quails were subjected to variance analysis
through the One-Way ANOVA procedure using
the SAS statistical package program (Version 9.4;
(Lewis, 2016)), in accordance with the following
experimental model (Regression Analysis). Polyno-
mial contrast analysis was applied within the same
software to determine linear, quadratic, and cubic
relationships among the experimental groups (con-

trol, 1%, 2%, and 3% groups). For multiple compar-
isons of means, Duncan’s Multiple Range Test was
employed (Lewis, 2016).

The mathematical model of the experimental de-
sign is given below (Unalan, 2023):
Model 1 (Fixed Effects):
Yij=p+riteij
where
Yij: Observed value of the j-th observation in the i-th
group (egg quality traits, feed intake, feed conver-
sion ratio).
p: Overall mean.
ti: Effect of the i-th group (deviation from the mean
due to treatment: control, 1%, 2%, or 3%).
€ij: Random error.
Model 2 (Polynomial Contrast) (Unalan, 2023):
Vij=f,+B, X, B, X B, X i
where
Yij: Observed value of the j-th observation in the i-th
group.
B,: Intercept.
.- Linear coefficient.
: Quadratic coefficient.
: Cubic coefficient.
. Dose/concentration level of the i-th group (1%,
2%, or 3%).
€ij: Random error.

2

W ™™
w

=
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RESULTS
Performance traits of quails

Feed intake and feed conversion ratio

The effects of increasing OPP levels on FI and FCR
in laying quails are presented in Tables 3 and 4,
respectively. During the first three weeks of the ex-
periment, the effect of the treatment on feed intake
was found to be insignificant (P>0.05). However, in
the 3rd and 4th weeks, FI was quadratically affected
by OPP inclusion (quadratic effect; P <0.05). Feed
intake increased with the use of 1% OPP but de-
creased with higher inclusion levels. Similar to the
initial weeks, the effect of OPP on feed intake was
insignificant (P> 0.05) in the 5th, 6th, 7th, and 8th
weeks of the experiment. Regarding the FCR, no
statistically significant effect of OPP was observed
in any week of the 8-week experiment (P>0.05). All
treatment groups demonstrated similar efficiency in
converting feed into eggs.

Determination of egg quality characteristics

Evaluation of external egg quality parameters
Effect of OPP on external egg quality traits, includ-
ing egg weight, shell breaking strength, shell weight,
shape index, and shell thickness, at different time
points were presented in Table 5. Throughout the ex-
perimental period, egg weight remained statistically
unaffected by OPP supplementation (P > 0.05), with
all treatment groups producing eggs of comparable
weights. The impact of OPP on eggshell breaking
strength was generally non-significant (P > 0.05),
although a significant quadratic effect was observed
at week 8 (P < 0.05).

Shell thickness, a crucial determinant of egg du-
rability, was found to be statistically significantly
higher in the control group than in the OPP groups
(P<0.01). Notably, at week 6. OPP supplementation
exhibited significant linear, quadratic, and cubic ef-
fects on shell thickness (P < 0.05).

Egg shell weight demonstrated significant chang-
es at week 4 (P <0.05) and week 8 (P <0.05). While
the egg shape index remained largely unaffected by
OPP treatment (P > 0.05), significant linear, qua-
dratic, and cubic trends were observed across all
experimental weeks when comparing the different
treatment groups (control, 1%, 2%, and 3% OPP;
P <0.05).

Internal Egg Quality Characteristics
The effects of different doses of orange peel powder
on internal egg quality parameters, including the

yolk index (%), albumen index (%), Haugh unit (%),
yolk weight (g), and yolk color measurements, were
presented in Table 6.

The effect of OPP supplementation on the yolk
index and albumen index was not statistically sig-
nificant in any week (P>0.05). During the exper-
imental period, the effect of adding orange peel
powder to the ration on egg yolk weight was not
statistically significant at week 2, week 4, or week 6
(P>0.05), but it was significant at week 8 (P<0.05).
However, the effects of treatments were found to
be quadratically significant at week 6 and week 8
(Q, P<0.05). Throughout the 8-week experiment,
the effect of OPP supplementation on Haugh unit
values was not statistically significant (P>0.05).
While the effects of OPP supplementation on egg
yolk color values (L, a, b) did not show statistically
significant differences in terms of L and b* values
throughout the 8 weeks (P>0.05), OPP had a statis-
tical effect on the a* value during the first 2, and 4,
weeks (P<0.05); however, this effect disappeared
at week 6 and 8 (P>0.05).

DISCUSSION

A review of the existing literature on the perfor-
mance and egg quality characteristics of laying
quails reveals a significant lack of research into the
potential effects of citrus peels. This study aimed
to determine the impact of incorporating various
concentrations (0%, 1%, 2% and 3%) of Jafa or-
ange peel powder (OPP) into the diets of Japanese
quail (Coturnix coturnix japonica) on their FI, FCR
and external and internal egg quality. However, it
was found that adding OPP to the diets of Japa-
nese quail did not significantly improve FI, FCR, or
the quality of internal or external egg parameters.
Although the findings of various studies about the
impact of orange peel and its by-products on feed
intake (FI), feed conversion ratio (FCR), and both
internal and external egg quality parameters were
subject to variation. Sevim et al. (2020) stated that
supplementation of different levels of orange peel
oil to the laying quail diets did not affect the per-
formance and eggshell quality parameters, except
for eggshell thickness. Eggshell thickness was sig-
nificantly reduced with the addition of orange peel
oil to the diet. In another study Sevim et al. (2021)
reported that incorporating lemon peel essential oil
(LKY) in the diet of laying quail resulted in a nota-
ble reduction in feed intake (FI). Furthermore, the
combined addition of orange peel (PKY) and lem-
on peel essential oils (LKY) significantly decreased
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both egg production and egg mass compared to the
control group. Conversely, the study found that the
inclusion of LKY and the PKY + LKY combination
significantly enhanced the eggshell breaking resis-
tance in comparison to the control group. Ahmed et
al. (2022) reported that incorporating 5% and 10%
dried orange peel in laying hen diets significantly re-
duced FI and FCR (P <0.05), although no significant
effects were observed on egg production, egg weight,
or egg mass. In a recent study, the incorporation of
lemon peel powder (LPP) at varying levels of 0, 1,
2, 3, 4, or 5 g/kg into the quail diet demonstrated
no significant impact on performance parameters or
egg production (Garcia et al., 2024).

The supplementation of orange peel powder
(OPP) demonstrated no significant effects on feed
intake (FI), with the exception of the third and fourth
weeks, during which a quadratic effect was noted (P
<0.05). There was a non-significant numerical trend
of increased feed intake for the group receiving 1%
OPP, whereas higher inclusion levels resulted in a
similar, non-significant decrease in feed intake (see
Table 3). In contrast to the non-significant effects of
OPP inclusion on FI in the present study, Goliomytis
et al. (2018) reported that inclusion of 9% orange
peel in the diets of laying hens led to a significant
decrease in feed consumption. In the literature, it has
been stated that limonene and flavonoids found in
orange peel affect feed palatability and can reduce
FI (Goliomytis et al., 2018; Sevim et al., 2020).

In this study, OPP addition to the ration did not

Table 3. Weekly feed intake in laying quails (g)

statically effected on the FCR (Table 4). The elevat-
ed, yet statistically non-significant, feed conversion
ratio (FCR) observed in the 1% OPP group during
weeks three and four can be attributed to a significant
increase in feed intake (FI) of this group during the
same period (quadratic effect, P < 0.05). Faiz et al.
(2017) reported that as the citrus waste percentage
in the feed of the broiler was increased, its FI and
body weight decreased, but the citrus waste had a
non-significant effect on the feed conversion ratio
of the broiler birds. In a separate study conducted
by Hussein et al. (2023), it was observed that the
incorporation of dried orange pulp (in amounts of 7%
and 10%) into the diets of laying hens, at incremen-
tal levels, resulted in enhanced feed intake (FI) and
reduced feed conversion ratio (FCR), in comparison
with the control group. In contrast, Ahmed et al.
(2022) reported that incorporating 5% and 10% dried
orange peel in laying hen diets significantly reduced
FI and FCR (P < 0.05), although no significant ef-
fects were observed on egg production, egg weight,
or egg mass. In a recent study, the incorporation of
lemon peel powder (LPP) at varying levels of 0, 1,
2, 3,4, or 5 g/lkg into the quail diet demonstrated
no significant impact on performance parameters or
egg production (Garcia et al., 2024).

In the present study throughout the experimental
period, egg weight remained statistically unaffected
by OPP supplementation (P > 0.05). It has been re-
ported that adding orange peel (PKY), lemon peel
essential oil (LKY), and a combination of PKY and

Feed Intake (FI) in Laying Quails (g/day/30 birds)

Weeks

Groups N 1 2 3 4 5 6 7 8
Control 30 1885.34 1727.40 1592.50 1538.19 1462.74 1551.17 1466.34 1374.84
1% OPP 30 1943.70 1766.92 1832.23 1814.31 1680.38 1707.38 1666.12 1497.68
2% OPP 30 1824.71 1730.60 1760.96 1819.17 1639.16 1614.52 1604.16 1464.44
3% OPP 30 1824.81 1751.63 1657.10 1690.93 1524.10 1597.80 1620.17 1382.68

SEM 0,478 0,411 0,587 0,588 0,597 0,608 0,552 0,515

P 0,382 0,906 0,170 0,038 0,255 0,685 0,253 0,464

L 0,236 0,854 0,728 0,159 0,704 0,911 0,222 0,973
Effects” Q 0,601 0,835 0,041 0,011 0,061 0,363 0,210 0,130

C 0,243 0,503 0,433 0,665 0,623 0,442 0,296 0,712

L: linear effect; Q: quadratic effect; C: cubic effect; *: P<0.05; **: P<0.01; P>0.05; SEM: Standard Error of Means; OPP: orange peel powder;
N: 30 quails/treatment. The study was arranged in a completely randomized design with four treatment groups (control, 1%, 2%, and 3% OPP)
and five replicate pens per group (6 female quails/pen; N=30). Pens were the experimental units for statistical analysis.
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Table 4. Feed conversion ratio in laying quails.

Feed Conversion Ratio (FCR; g feed/g egg)

N:120 Experimental Weeks
Groups 1 2 3 4 5 6 7 8
Control 4.40 4.01 3.30 3.38 3.21 3.31 3.03 2.80
1% OPP 3.90 3.70 3.60 3.70 3.07 3.14 3.17 2.90
2% OPP 4.82 3.50 3.32 3.54 3.00 3.03 3.02 2.90
3% OPP 4.45 3.81 3.05 3.41 3.00 3.07 3.04 2.81
SEM 0,250 0,150 0,090 0,800 0,800 0,080 0,060 0,070
P 0,700 0,690 0,230 0,570 0,740 0,660 0,820 0,950
" L 0,630 0,600 0,240 0,960 0,320 0,290 0,840 0,890
§ Q 0,920 0,290 0,110 0,210 0,650 0,530 0,640 0,580
% C 0,280 0,840 0,510 0,550 0,980 0,900 0,440 0,870

L: linear effect; Q: quadratic effect; C: cubic effect; *: P<0.05; **: P<0.01; P>0.05; SEM: Standard Error of Means; OPP: orange peel powder;
N: 30 quails/treatment. The study was arranged in a completely randomized design with four treatment groups (control, 1%, 2%, and 3% OPP)
and five replicate pens per group (6 female quails/pen; N=30; Total=120). Pens were the experimental units for statistical analysis.

Table 5. Effects of orange peel powder on external egg quality characteristics of Japanese quail

External Quality Traits of Japanese Quail Eggs

N:80 YEffects
1% 2% 3%
Parameters Measurement Control OPP OPP OPP SEM P L Q C
Week 2 1429 14,16 14,43 1426 0,210 0,830 0,843 0,914 0,366
, Week 4 14,02 14,12 14,28 14,04 0,177 0,728 0,796 0,347 0,558
Egg Weight
(@) Week 6 1432 14,80 13,06 14,45 0,529 0,115 0,567 0,393 0,027
Week 8 14,41 14,42 13,51 14,45 0,421 0325 0,676 0,279 0,146
Week 2 1,220 1,230 1,310 1,190 0,071 0,640 0,972 0,368 0,353
Eggshell Week 4 1220 1,280 1,400 1,200 0,070 0,171 0875 0,066 0,205
Strength (kg/
cm?) Week 6 1,330 1,450 1,240 1,290 0,076 0,279 0,354 0,664 0,095
Week 8 1,380 1,180 1,220 1,360 0,080 0,216 0,954 0,038 0,757
Week 2 0,26 023 024 023 0,006 0,000 0,159 0,159 0,159
?ﬁfl?ilss Week 4 025 023 024 023 0005 0000 0,126 0,192 0,188
(mm) Week 6 0,24 024 021 023 0,007 0,151 0,009 0012 0,023
Week 8 0,23 0,17 0,16 0,13 0,008 0,000 0420 0466 0,643
Week 2 1,000 1,310 1,310 1,280 0,210 0,864 0,546 0,569 0,840
fﬁ;‘;’l(lg/ Week 4 1,810 1,670 2,020 1,870 0,078 0,020 0,122 0,975 0,006
cgg) Week 6 1,850 1,800 1,720 1,890 0,078 0,490 0,910 0,185 0,427
Week 8 1,950 1,800 1,600 1,610 0,081 0,008 0,001 0,300 0,478
Week 2 81,04 7845 80,38 78,84 0,072 0,098 0,019 0,046 0,045
fngdge shape Week 4 79,77 79,10 78,60 78,81 0,058 0,445 0,024 0,025 0,025
%) Week 6 80,52 78,45 70,93 79,14 0,133 0,072 0,011 0,035 0,035
Week 8 7932 7822 75,60 78,31 0,113 0,614 0,005 0,009 0,010

L: linear effect; Q: quadratic effect; C: cubic effect; *: P<0.05; **: P<0.01; P>0.05; SEM: Standard Error of the Mean; OPP: orange peel
powder; N: number of eggs.
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Table 6. Effect of orange peel powder on internal quality traits of Japanese quail eggs

Internal quality traits of Japanese quail eggs

N:80 YEffects
1% 2% 3%
Parameters Measurement Control OPP OPP OPP SEM P L Q C
Week 2 52,72 55,50 53,84 53,94 0,564 0,385 0,694 0239 0,221
Yolk Index Week 4 51,45 52,06 50,70 52,68 0,389 0,319 0,507 0,381 0,129
(%) Week 6 57,60 55,50 57,13 58,41 0,494 0,192 0,352 0,088 0,358
Week 8 44,00 44,70 4540 44,40 0,267 0,338 0412 0,126 0,493
Week 2 7,40 7,75 8,34 7,53 0461 0,491 0,631 0213 0,432
Albumen Week 4 7,81 8,14 8,87 7,5 0484 0,274 0,970 0,103 0,270
Index (%) Week 6 8,61 9,52 9,00 828 0434 0,220 0,434 0,069 0,535
Week 8 8,70 7,60 8,50 10,60 1,150 0,325 0,655 0,651 0,080
Week 2 4,09 4,03 400 3,80 0,269 0,883 0456 0,795 0,868
Yolk Weight =~ Week 4 3,95 446 424 437 0,161 0,138 0,150 0,247 0,143
() Week 6 4,35 420 3,79 4,51 0211 0,105 0,937 0,043 0,148
Week 8 4,50 4,10 3,50 4,30 0,224 0,026 0,293 0,016 0,107
Week 2 79,86 79,91 80,58 79,67 0,848 0,883 0,978 0,573 0,564
Haugh Unit ~ Weck 4 79,85 80,27 81,17 79,74 0,844 0,621 0,881 0275 0,461
(%) Week 6 80,62 81,36 79,99 80,38 0,892 0,739 0,604 0,844 0,333
Week 8 81,00 79,60 79,80 80,90 0,904 0,598 0,970 0,176 0,875
L 51,50 53,78 52,78 52,81 0,604 0,075 0,284 0,066 0,114
Week 2 a 12,49 13,83 14,35 14,00 0,394 0,008 0,006 0,035 0,979
b 2587 28,63 28,49 2825 0,896 0,106 0,085 0,098 0,489
L 54,30 55,12 53,16 54,29 0,693 0,264 0,524 0,824 0,062
Week 4 a 12,29 13,83 13,05 13,07 0,372 0,044 0,348 0,046 0,067
Egg Yolk b 31,64 31,56 29,53 29,20 1,264 0,373 0,102 0,922 0,519
Color L 53,34 5435 47,86 53,44 1,922 0,077 0,475 0238 0,026
Week 6 a 1517 14,09 12,40 14,11 0,554 0,007 0,053 0,014 0,109
b 28,37 28,78 24,93 27,78 1,165 0,092 0,283 0,299 0,039
L 51,80 52,50 48,50 52,10 1,461 0,201 0,628 0,320 0,065
Week 8 a 14,50 15,10 14,10 14,80 0,563 0,589 0,956 0,919 0,170
b 27,50 28,40 26,50 29,30 1,164 0,355 0487 0413 0,148

L: linear effect; Q: quadratic effect; C: cubic effect; *: P<0.05; **: P<0.01; P>0.05; SEM: Standard Error of the Mean; OPP: orange peel
powder; N: number of eggs; The color parameters were measured using the CIE Lab* system, where L* represents yolk lightness/brightness,
a* indicates the green—red spectrum value, and b* denotes the blue—yellow spectrum value of the yolk.

LKY (150 mg/kg each, totaling 300 mg/kg) to the
diets of laying quails has significant effects. Feed
intake with the addition of LKY to the diet, egg
production and egg mass with the addition of PKYY +
LKY decreased significantly compared to the control
group, and the eggshell breaking resistance with the
addition of LKY and PKY + LKY increased sig-
nificantly compared to the control group (Sevim et
al., 2021).

In this experiment eggshell breaking strength was
generally non-significant (P > 0.05). In 1% and 2%
OPP groups, eggshell strength showed a non-signif-
icant elevation in the second and fourth weeks com-
pared to the control and 3% OPP groups. In contrast
to our study’s results, Sevim et al. (2021) found that
the eggshell breaking strength significantly increased
with the addition of LKY and PKY + LKY when
compared to the control group. Garcia et al. (2024)
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reported that eggshell-breaking strength improved
by adding 2 g/kg LPP to the diet, but worsened at
5 g/kg.

In our study the egg shell thickness of the control
group was significantly greater than that of the OPP
groups (P <0.01). A notable reduction in eggshell
thickness was recorded in the groups that received
OPP supplementation, with the most significant
decrease observed in the group receiving 3% OPP
at week eight (P<0.05). The eggshell weight in the
groups receiving OPP was significantly lower than
in the control group at week 8 (P < 0.05). These
findings suggest that a high fiber intake, along with
the presence of antinutritional factors, may nega-
tively impact calcium absorption (Aydin ve ark.,
2018). The influence of OPP demonstrated vari-
ability based on the supplementation level of OPP
(Nazok et al., 2010). One reason for this decrease
might be that adding 3% OPP to the compound feed
reduced the total Ca ratio in the ration compared
to the Ca content of the original compound feed
(4.11%; Table 1). A calcium level below 3.5-4.5%,
which is optimal for eggshell formation (Atik and
Ceylan, 2009), can negatively affect shell quality.
Additionally, OPP contains high amounts of fiber
(15.1%), ADF (14.25%), and NDF (18.11%). Ac-
cording to NRC (NRC, 1994), the Ca/P ratio in
laying Japanese quail is 7.1%. When the OPP dose
increases to 3%, the total fiber ratio in the ration
significantly increases, potentially reducing min-
eral absorption (especially Ca and P), which may
decrease the availability of nutrients necessary for
shell formation in quail eggs. Citrus peels may con-
tain antinutritional factors such as phytic acid and
oxalate, which inhibit mineral absorption, similar
to the effect of high fiber content. The addition of
high doses of OPP (3% OPP) to the compound feed
may cause these components to bind to minerals
important for shell formation, such as calcium and
phosphorus, increase intestinal transit time, and re-
duce nutrient absorption and bioavailability (Olure-
mi et al., 2007; Mateos et al., 2012; Ebrahimi et al.,
2014). Additionally, tannins can bind to minerals
and proteins. Phytates can form calcium-insoluble
complexes (Ahmed et al., 2022). Another factor is
that adding high amounts of citrus peel to poultry
rations can cause pH changes in the digestive sys-
tem. This can adversely affect calcium absorption
and, consequently, shell formation. Yesilbag and
Colpan (2006) stated that pH changes in the poultry
digestive system directly affect calcium absorption
and, therefore, can alter eggshell quality. The egg

shape index demonstrated no alteration in response
to OPP treatment (P>0.05).

The egg yolk index was found to be unaffected by
OPP supplementation (P > 0.05). The groups supple-
mented with 1% and 3% orange peel powder (OPP)
demonstrated numerically higher yolk index values
compared to the control group until week eight. Or-
ange peel powder is abundant in carotenoids, in-
cluding B-carotene, lutein, and zeaxanthin, as well
as flavonoids such as hesperidin and naringin. These
bioactive compounds are believed to enhance egg
yolk pigmentation and may have a positive impact
on the yolk index (Chowdhury et al., 2008; Fan et
al., 2020). The evidence presented herein suggests
that OPP can offer beneficial effects at lower concen-
trations; however, its long-term advantages appear
to be limited (Ahmed et al., 2022).

The albumen index was not significantly affect-
ed by OPP supplementation (P>0.05). However,
the quality of the albumen in the present study was
observed to improve numerically in the 1% and 2%
OPP groups until week 8, though these improvements
were not statistically significant. Antioxidants have
been known to stabilize harmful reactive oxygen
species (ROS) through electron donation, thereby
preventing further cellular damage from oxidative
stress processes (Aranda-Rivera et al., 2022; Jomo-
va et al., 2023). It has been demonstrated that the
flavonoid and antioxidant content of orange peel
can enhance the quality of egg albumen (Erisir et
al., 2015).

In present study the influence of OPP on egg yolk
weight was non-significant, with the exception of the
eighth week (P <0.05). Hussein et al. (2023) report-
ed that the inclusion of dried orange pulp at 7% and
10% in laying hen diet improved shell weight and
shell thickness, as well as egg yolk score.

Over the eight-week study, the impact of OPP
supplementation on Haugh unit values was statisti-
cally insignificant (P > 0.05). While there were no
statistically significant differences concerning egg
yolk color values (L, a, b) throughout the eight-week
duration for L and b* values (P > 0.05), a statistically
significant effect of OPP was observed on the a* va-
lue during the second, and fourth weeks (P < 0.05).
However, this effect was not observed in weeks six
and eight (P> 0.05). In week eight, a numerical trend
showing higher “a” values was noted in the groups
supplemented with 1% and 3%. Garcia et al. (2024)
found that the relative weight of eggshell and yolk
L* value decreased with the treatments.
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These analyses confirmed the dose-dependent
effects of OPP (P<0.05) and highlighted the pos-
itive contributions of carotenoids and xanthophyll
(Chowdhury et al., 2008; Fan et al., 2020; Hussein
et al., 2023). These findings are consistent with ex-
isting literature and reveal that the effects of OPP
vary based on dosage and duration of application.

CONCLUSION

This study was conducted to assess the effects of
Jaffa orange peel powder (OPP) incorporated at
various dosages (1%, 2%, and 3%) into the feed of
laying Japanese quails (Coturnix coturnix japonica)
on their performance and the quality parameters of
both internal and external eggs. The findings indicat-
ed that the inclusion of OPP at 1% and 2% resulted
in a quadratic increase in FI during weeks 3 and 4.
However, this addition did not yield a significant
enhancement in feed utilization or in the quality of
the internal and external egg parameters. While there
were no statistically significant differences observed
in the L and b* values of egg yolk color throughout
the 8-week study, OPP supplementation did exhibit a
statistically significant impact on the a* value during
the initial 2 and 4 weeks.

Although its significance appears to be non-con-
tinuous after the fourth week, a 1% (OPP) supple-
mentation appears to have a positive effect on feed
intake. A short trial duration and quail model lim-
itations may influence the effect of OPP on feed.
Further studies are needed to observe the antioxidant
effect of OPP on hatchability and egg shelf life.

ACKNOWLEDGMENTS

The main author would like to state that this man-
uscript has been produced as a part of his doctor-
al research project, entitled “The effect of adding
orange peel powder to Japanese quails; (Coturnix
coturnix japonica) compound feeds on performance,
egg quality, hatchability characteristics in layers and
performance, carcass quality in fattening.” The au-
thors are very grateful for the facilities provided by
Ayhan Sahenk Agricultural Research and Applica-
tion Centre of Nigde Omer Halisdemir University
and also express their appreciation to the director
and staff of the Ayhan Sahenk Agricultural Research
and Application Centre.

REFERENCES

Abd El Latif, M.A., Abdel-Wareth, A.A., Daley, M., Lohakare, J., (2023).
Effect of dietary orange peel meal and multi-enzymes on productive,
physiological and nutritional responses of broiler chickens. Animals.
13(15), 2473. https://doi.org/10.3390/ani13152473Ac, A. (1984).
Official methods of analysis. Dairy product cheese, 281-312.

Afifi, S. M., Gok, R., Eikenberg, 1., Krygier, D., Rottmann, E., Stiibler,
A.S., Esatbeyoglu, T., (2023). Comparative flavonoid profile of or-
ange (Citrus sinensis) flavedo and albedo extracted by conventional
and emerging techniques using UPLC-IMS-MS, chemometrics and
antioxidant effects. Frontiers in Nutrition. 10, 1158473. https://doi.
org/10.3389/fnut.2023.1158473

Ahmed, S.T., Mun, H.S., Islam, M.M., Kim, S.S., Hwang, J.A., Kim,
Y.J., (2014). Effects of Citrus Junos by-products fermented with
multistrain probiotics on growth performance, immunity, Caecal
microbiology and meat oxidative stability in broilers. Br Poult Sci.
(55), 540-7. doi: 10.1080/00071668.2014.938021

Ahmed, S.T., Hasan, M.M., Resmi, S.I., Islam, M.W., Rahman, M.,
(2022). Effect of dried orange peel on egg production and quality of
laying hen. Bangladesh Journal of Animal Science. 51(3), 98-106.
https://doi.org/10.3329/bjas.v51i3.61785

Anderson, K.E., Tharrington, J.B., Curtis, P.A., Jones, F.T., (2004). Shell
characteristics of eggs from historic strains of single comb white
leghorn chickens and relationship of egg shape to shell strength.
Int. J. Poult. Sci. 3, 17-19. doi:10.3923/ijps.2004.17.19

AOAC., (1998). Official methods of analysis of AOAC International:
4th revision. 16th ed. Arlington, Va.: Assoc of Offi-cial Analytical
Chem ists Intl.

AOAC (2005) Official Methods of Analysis of AOAC International.
18th ed. Assoc. Off. Anal. Chem., Arlington.

Aranda-Rivera, A.K., Cruz-Gregorio, A., Arancibia-Hernandez, Y.L.,
Hernandez-Cruz, E.Y., Pedraza-Chaverri, J., (2022). RONS and
oxidative stress: an overview of basic concepts. Oxygen. 2(4), 437-
478. https://doi.org/10.3390/0xygen2040030

Atik, Z., Ceylan, N., (2009) Yumurta kabuk kalitesine mineral madde-
lerin etkisi. Tavukguluk Aras. Derg. 6, 50-57.

Aydin, A., Algigek, A., (2018). Effects of the supplementation of essen-
tial oil isolated from orange peel (Citrus sinensis L.) to broiler diets
on the performance. Turkish Journal of Agricultural and Natural
Sciences. 5(2), 127-135. https://doi.org/10.30910/turkjans.421348

Aygéren, E., (2025). Uriin Raporu Turunggiller. Cankaya/Ankara. ISBN:
978-625-95521-4-9 (27.06.2025).

Baer, J., Lansford, R., Cheng, K., (2015). Japanese quail as a labora-
tory animal model. In Laboratory animal medicine (third edition).
Academic Press. 1087-1108. https://doi.org/10.1016/B978-0-12-
409527-4.00022-5

Bampidis, V.A., Robinson, P.H., (2006). Citrus by-products as ruminant
feeds: A review. Animal feed science and technology. 128(3-4),
175-217. https://doi.org/10.1016/j.anifeedsci.2005.12.002

Barbosa, C.H., Andrade, M.A., Séndon, R., Silva, A.S., Ramos, F.,
Vilarinho, F., Khwaldia, K., Barbosa-Pereira, L., (2021). Indus-
trial fruits by-products and their antioxidant profile: Can they be
exploited for industrial food applications? Foods 2021, (10), 272

Chaudry, M.A., Badshah, A., Bibi, N., Zeb, A., Ahmed, T., Ali, S.,
Ter Meulen, U., (2004). Citrus waste utilization in poultry rations.
European Poultry Science. 68(5), 206-210. https://doi.org/10.1016/
S0003-9098(25)00047-5

Chowdhury, S.D., Hassin, B.M., Das, S.C., Rashid, M.H., Ferdaus,
A.J., (2008). Evaluation of marigold flower and orange skin as
sources of xanthophyll pigment for the improvement of egg yolk
color. The Journal of Poultry Science. 45(4), 265-272. https://doi.
org/10.2141/jpsa.45.265

Del Caro, A., Piga, A., Vacca, V., Agabbio, M., (2004). Changes of fla-
vonoids, vitamin C and antioxidant capacity in minimally processed
citrus segments and juices during storage. Food chemistry. 84(1),
99-105. https://doi.org/10.1016/S0308-8146(03)00180-8

Deng, M., Deng, Y., Dong, L., Ma, Y., Liu, L., Huang, F., Zhang, R.,

J HELLENIC VET MED SOC 2026, 77 (2)
TIEKE 2026, 77 (2)



O. CIMEN, S. YAMAN FIRINCIOGLU, H. R. KUTLU

10497

(2018). Effect of storage conditions on phenolic profiles and anti-
oxidant activity of litchi pericarp. Molecules. 23(9), 2276. https://
doi.org/10.3390/molecules23092276

Doyon, G., Bernier-Cardou, M., Hamilton, R.M.G., Eastaigns, F., Ram-
dald, C.T., (1986). Egg quality: Albumen quality of egg from five
commercial strains of White Leghorn hens during one year of lay.
Poult. Sci. 65: 63-66. doi:10.3382/ps.0650063

Ebrahimi, A., Qotbi, A.A.A., Seidavi, A., Bahar, B., (2014). The ef-
fects of dietary supplementation of Citrus sinensis peel extract on
production and quality parameters of broiler chicken. Journal of
applied animal research. 42(4), 445-450. https://doi.org/10.1080/
09712119.2013.875916

Ebrahimi, A., Santini, A., Alise, M., Pourhossein, Z., Miraalami, N.,
Seidavi, A.R., (2015). Effect of dried Citrus sinensis peel on gastro-
intestinal microbiota and immune system traits of broiler chickens.
Ital. J. Anim. Sci. (14), 712-717.

Erinle, T.J., Adewole, D. I. (2022). Fruit pomaces—Their nutrient and bi-
oactive components, effects on growth and health of poultry species,
and possible optimization techniques. Anim. Nutr. (9), 357-377.

Erisir, Z., Simsek, U.G., Cift¢i, M., Y1ldiz, N., Dalkilig, B., (2015). The
Effects of Orange Peel Oil and Sex Ratio on Egg Production and Egg
Characteristics in Laying Quails (Coturnix coturnix japonica). Firat
Universitesi Saglik Bilimleri Dergisi, Elazig, Tiirkiye; 29, 23-30.

Faiz, F., Khan, M. 1., Sadiq, M., Nawaz, H., (2017). Effects of dietary
natural antioxidants from citrus waste on growth and blood antioxi-
dants status of the broilers. Sarhad J. Agric. 33(3), 371-376. https://
doi.org/10.17582/journal.sja/2017/33.3.371.376

Fan, G.J., Shih, B.L., Lin, H.C., Lee, T.T., Lee, C.F., Lin, Y.F., (2020).
Effect of dietary supplementation of Sargassum meal on laying
performance and egg quality of Leghorn layers. Animal bioscience.
34(3), 449. https://doi.org/10.5713/ajas.20.0256

Filik, G., Kutlu, H.R., (2015). Alternative Feed Raw Materials Recycling
and in Animal Nutrition Use Opportunities with Technological Sys-
tems from Food Waste. CU Fen ve Miihendislik Bilimleri Dergisi,
Adana, Tirkiye; 1-129.

Florou-Paneri, P., Babidis, V., Kufidis, D., Christaki, E., Spais, A.B.,
(2001). Effect of feeding dried citrus pulp on quail laying per-
formance and some egg quality characteristics. European Poul-
try Science. 65(4), 178-181. https://doi.org/10.1016/S0003-
9098(25)00179-1

Garcia, A.S., Olgun, O., Giil, E.T., Kiling, G., Yildiz, A., (2024). The
potential of lemon peel powder as an additive in layer quails (Cotur-
nix coturnix Japonica): An experimental study. An. Acad. Bras.
Ciéncias 96, €20230640.

Ghasemi, R., Zarei, M., Torki, M., (2010). Adding Medicinal Herbs
in the Diet of Laying Hens and Evaluating Performance and Egg
Quality. Am. J. Anim. Vet. Sci. 5, 151-154. https://doi.org/10.3844/
ajavsp.2010.151.154

Goliomytis, M., Kostaki, A., Avgoulas, G., Lantzouraki, D.Z., Siapi, E.,
Zoumpoulakis, P., Deligeorgis, S.G., (2018). Dietary supplementa-
tion with orange pulp (Citrus sinensis) improves egg yolk oxidative
stability in laying hens. Animal Feed Science and Technology. 244,
28-35. https://doi.org/10.1016/j.anifeedsci.2018.07.015

Hasin, B.M., Ferdaus, A.J.M., Islam, M.A., Uddin, M.J., Islam, M.S.,
(2006) Marigold and orange skin as egg yolk color promoting
agents. International Journal of Poultry Science. 5(10), 979-987.
https://doi.org/10.3923/ijps.2006.979.987

Hu, X., Zeng, J., Shen, F., Xia, X., Tian, X., Wu, Z., (2022). Citrus
pomace fermentation with autochthonous probiotics improves its
nutrient composition and antioxidant activities. Lwt. (157), 113076.
doi: 10.1016/j.1wt.2022.113076

Hussein, E., Alhotan, R.A., Ebrahim, A., Selim, S., (2023). Unraveling
the potential of orange pulp for improving laying rate, egg quality,
oxidative stability, fatty acids composition, and reproductive tract
morphology of laying hens. Animals. 13(13), 2199. https://doi.
org/10.3390/ani13132199

Jomova, K., Raptova, R., Alomar, S.Y., Alwasel, S.H., Nepovimova, E.,
Kuca, K., Valko, M., (2023). Reactive oxygen species, toxicity, oxi-
dative stress, and antioxidants: Chronic diseases and aging. Archives
of toxicology 2023, 97(10), 2499-2574. https://doi.org/10.1007/
$00204-023-03562-9

Kamaliroosta, L., Zolfaghari, M., Shafiee, S., Larijani, K., Zojaji, M.,
(2016). Chemical identifications of citrus peels essential oils. Jour-
nal of Food Biosciences and Technology, Islamic Azad University,
Science and Research Branc. Vol. 6, No. 2, 69-76.

Khan, M.K., Dangles, O.A., (2014). comprehensive review on flava-
nones, the major citrus polyphenols. Journal of food composition and
analysis. 33(1), 85-104. https://doi.org/10.1016/j.jfca.2013.11.004

Ladaniya, M., (2010). Citrus fruit: biology, technology and evaluation
(First edition). Academic press. Oxford. ISBN: 978-0-12-374130-1

Lario, Y., Sendra, E., Garcia-Pérez, J., Fuentes, C., Sayas-Barberd, E.,
Fernandez-Lopez, J., Perez-Alvarez, J.A., (2004). Preparation of
high dietary fiber powder from lemon juice by-products. Innova-
tive Food Science & Emerging Technologies 2004, 5(1), 113-117.
https://doi.org/10.1016/j.ifset.2003.08.001

Lewis, T.H., (2016). Complex Survey Data Analysis with SAS. Chapman
and Hall/CRC. https://doi.org/10.1201/9781315366906

Liu, Y., Heying, E., Tanumihardjo, S.A., (2012). History, global distri-
bution, and nutritional importance of citrus fruits. Comprehensive
reviews in Food Science and Food Safety. 11(6), 530-545. https://
doi.org/10.1111/j.1541-4337.2012.00201.x

Liu, Y., Tang, Y., Mei, H., Liu, Z., Li, Z., Ma, X., Luo, Z., Huang, W.,
Li, Y., Yu, M., (2024). Feeding citrus pomace fermented with com-
bined probiotics improves growth performance, meat quality, fatty
acid profile, and antioxidant capacity in yellow-feathered broilers.
Front. Vet. Sci. (11), 1469947. doi: 10.3389/fvets.2024.1469947

Mahato, N., Sharma, K., Koteswararao, R., Sinha, M., Baral, E., Cho,
M.H., (2009). Citrus essential oils: Extraction, authentication and
application in food preservation. Critical reviews in food science
and nutrition. 59(4), 611-625. https://doi.org/10.1080/10408398.
2017.1384716

Manthey, J.A., Grohmann, K., (2001). Phenols in citrus peel byprod-
ucts. Concentrations of hydroxycinnamates and polymethoxylated
flavones in citrus peel molasses. Journal of agricultural and food
chemistry. 49(7), 3268-3273. https://doi.org/10.1021/jf010011r

Marin, F. R., Soler-Rivas, C., Benavente-Garcia, O., Castillo, J.,
Pérez-Alvarez, J.A., (2007). By-products from different citrus pro-
cesses as a source of customized functional fibres. Food chemistry.
100(2), 736-741. https://doi.org/10.1016/j.foodchem.2005.04.040

Mateos, G.G., Jiménez-Moreno, E., Serrano, M.P., Lazaro, R.P., (2012).
Poultry response to high levels of dietary fiber sources varying in
physical and chemical characteristics. Journal of Applied Poultry
Research. 21(1), 156-174. https://doi.org/10.3382/japr.2011-00477

Mei, H., Tang, Y., Ma, X., Li, Y., Luo, Z., Huang, W., (2022). Screening
of fermentation Technology for Producing Protein Feed from Cit-
rus pomace. Feed Res. (45), 60-3. doi: 10.13557/j.cnki.issn1002-
2813.2022.14.014

Mertens, K., Vaesen, 1., Loffel, J., Kemps, B., Kamers, B., Perianu,
C., Zoons, J., Darius, P., Decuypere, E., De Baerdemacker, J., De
Ketelaere, B., (2010).The transmission color value: A novel egg
quality measure for recording shell color used for monitoring the
stress and health status of a brown layer flock. Poult. Sci. 89(3),
609-617. doi: 10.3382/ps.2009-00261

Moufida, S., Marzouk, B., (2003). Biochemical characterization of
blood orange, sweet orange, lemon, bergamot and bitter orange.
Phytochemistry. 62(8), 1283-1289. https://doi.org/10.1016/S0031-
9422(02)00631-3

Munekata, P.E.S., Dominguez, R., Pateiro, M., Nawaz, A., Hano, C.,
Walayat, N., (2021). Strategies to increase the value of pomaces
with fermentation. Fermentation. (7):299. doi: 0.3390/fermenta-
tion7040299

National Research Council, & Subcommittee on Poultry Nutrition.,
(1994). Nutrient requirements of poultry (Ninth Revised Edition).
National Academies Press. ISBN: 0-309-59632-7

Nazok, A., Rezaei, M., Sayyahzadeh, H., (2010). Effect of different
levels of dried citrus pulp on performance, egg quality, and blood
parameters of laying hens in early phase of production. Trop.
Anim. Health Prod. 42, 737-742. https://doi.org/10.1007/s11250-
009-9481-x

Oluremi, O.I.A., Ngi, J., Andrew, I.A., (2007). Phytonutrients in citrus
fruit peel meal and nutritional implication for livestock production.
Livestock research for rural development. 19(7), 345-346. http://
www.lrrd.org/lrrd19/7/0lur19089.htm

Oyewole, B., Oluremi, O., Aribido, S., Ayoade, J., (2012). Comparative
chemical composition of 24-hour fermented sweet Orange fruit
(Citrus Sinensis) Peel meal and maize and effect on performance
response of starting pullet chicks. Niger J Anim Prod. (39), 57-65.
doi: 10.51791/njap. v39i2.831

Palazzolo, E., Laudicina, V.A., Germana, M.A., (2013). Current and
potential use of citrus essential oils. Curr. Org. Chem. 17(24), 3042-
3049. https://doi.org/10.2174/13852728113179990122

J HELLENIC VET MED SOC 2026, 77 (2)
TIEKE 2026, 77 (2)



10498

O. CIMEN, S. YAMAN FIRINCIOGLU, H. R. KUTLU

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., Rice-Ev-
ans, C., (1999). Antioxidant activity applying an improved ABTS
radical cation decolorization assay. Free radical biology and
medicine. 26(9-10), 1231-1237. https://doi.org/10.1016/S0891-
5849(98)00315-3

Readh, C.E.A., Miloud, L., Abdelkarim, L., Kaddour, B., Chaima, B.,
(2023). Effect of graded levels of dried orange (Citrus sinensis)
byproducts on production efficiency, blood parameters and antiox-
idant status of broiler chickens. Asian Journal of Dairy and Food
Research. 42(3), 314-319. https://doi.org/10.18805/ajdfr. DRF-307

Saini, R.K., Ranjit, A., Sharma, K., Prasad, P, Shang, X., Gowda,
K.G.M., Keum, Y.-S., (2022). Bioactive Compounds of Citrus
Fruits: A Review of Composition and Health Benefits of Carote-
noids, Flavonoids, Limonoids, and Terpenes. Antioxidants (11) 239.

Saeed, M., Kamboh, AA., Huayou, C., (2024). Promising future of citrus
waste into fermented high-quality bio-feed in the poultry nutrition
and safe environment. Poultry Science 103:103549. https://doi.
org/10.1016/§.psj.2024.103549

Sawalha, S.M., Arraez-Roman, D., Segura-Carretero, A., Fernan-
dez-Gutiérrez, A., (2009). Quantification of main phenolic
compounds in sweet and bitter orange peel using CE-MS/MS.
Food Chemistry. 116(2), 567-574. https://doi.org/10.1016/j.food-
chem.2009.03.003

Seidavi, A., Zaker-Esteghamati, H., Salem, A. Z., (2020). A review on
practical applications of Citrus sinensis by-products and waste in
poultry feeding. Agrofor. Syst. (94), 1581-1589.

Sevim, B., Gokmen, S.A., Cufadar, Y., Curabay, B., Bahtiyarca, Y.,
(2021). The effect of addition of orange and lemon peel essential oils
and mixtures to breeder quail rations on performance, egg quality
and hatch parameters. Turkish Journal of Agriculture-Food Science
and Technology. 9(11), 1988-1992. https://doi.org/10.24925/turjaf.
v9i11.1988-1992.4578

Sevim, B., Olgun, O., Sentiirk, E.T., Yildiz, A.O., (2020). The effect
of orange peel oil addition to laying quail diets on performance,
eggshell quality and some serum parameters. Turkish Journal of
Agriculture-Food Science and Technology. 8(8), 1773-1777. https://
doi.org/10.24925/turjaf.v8i7.1517-1521.3390

Singleton, V.L., Orthofer, R., Lamuela-Raventds, R.M., (1999). [14]
Analysis of total phenols and other oxidation substrates and antioxi-
dants by means of folin-ciocalteu reagent. In Methods in enzymolo-
gy. Vol. 299, pp. 152-178. Academic press. https://doi.org/10.1016/
S0076-6879(99)99017-1

Spanos, G.A., Wrolstad, R.E., (1990). Influence of processing and
storage on the phenolic composition of Thompson seedless grape
juice. Journal of agricultural and food chemistry. 38(7), 1565-1571.
https://doi.org/10.1021/jf00097a030

Suri, S., Singh, A., Nema, P.K., (2022). Current applications of citrus
fruit processing waste: A scientific outlook. Appl. Food Res. (2),
100050.

Turhan, I., Tetik, N., Karhan, M., (2006). Turunggil kabuk yaglarinin
elde edilmesi ve gida endistrisinde kullanimi. Gida Teknolojileri
Elektronik Dergisi. 3, 71-7.

Tirkoglu M, Sarica M., (2009). Tavukguluk bilimi yetistirme, besleme,
hastaliklar. Bey ofset Matbaacilik: ANKARA, Tiirkiye, 2009
Untea, A.E., Varzaru, 1., Vlaicu, P.A,; Turcu, R.P, Panaite, T.D.,(2023).
Studies on antioxidant activities of grape pomace using in vitro, ex
vivo, and in vivo models. J. Food Meas. Charact. (17), 121-128.

Unalan, A., (2023). Biyoistatistik: Bilgiye Yolculuk/Veri Degerlendirme
ve Anlamlandirma Sanat1 (1. Basim). Nobel Akademik Yayincilik:
ANKARA, Tirkiye, 2023.

Van Soest, P. V., Robertson, J. B., Lewis, B. A., (1991). Methods for
dietary fiber, neutral detergent fiber, and nonstarch polysaccharides
in relation to animal nutrition. Journal of dairy science, 74(10),
3583-3597.

Vlaicu, P.A., Turcu, R.P., Mironeasa, S., Panaite, T.D., (2020). Meat
quality of breast from broilers fed a diet supplemented with orange
and red grapefruit dried peel. Anim Sci. 63(1):161-169

Wadhwa, M., Bakshi, M.P.S., (2013) Utilization of fruit and vegetable
wastes as livestock feed and as substrates for generation of other
value-added products. RAP Publ. 4:1-67

Yang, S.J., Choung, C.C., (1985). Studies on the utilization of citrus
byproducts as livestock feeds, 4; feeding value of dried citrus by-
products fed to layers. Korean Journal of Animal Sciences. Vol. 27,
No. 4, 239-245. ISSN (Print): 0367-5807

Yenigeri, M., Filik, A.G., Filik, G., (2022). The Effect of Some Se-
lected Fruit Wastes for Poultry Feed on Growth Performance of
Broilers. Palandoken Journal of Animal Science, Technology and
Economics. 1, 33-41.

Yesilbag, D., Colpan, I., (2006). Effects of organic acid supplemented
diets on growth performance, egg production and quality and on
serum parameters in laying hens. Revue de Médecine Vétérinaire.
Vol. 157, No. 5, 280-284. ISSN (Print): 0035-1555

Yildiz, A., Kiling, G., Olgun, O., Giil, E.T., (2023). Effect of supple-
mentation of orange peel powder to the diet on performance, egg
quality and egg yolk antioxidant activity in laying quails. Turkish
Journal of Agriculture-Food Science and Technology. 11(1), 151-
155. https://doi.org/10.24925/turjaf.v11il.151-155.5808

Zeng, Y., Zhou, W., Yu, J., Zhao, L., Wang, K., Hu, Z., Liu, X., (2023).
By-Products of Fruit and Vegetables: Antioxidant Properties of Ex-
tractable and Non-Extractable Phenolic Compounds. Antioxidants
(12), 418. https://doi.org/10.3390/ antiox 12020418

Zou, Z., Xi, W., Hu, Y., Nie, C., Zhou, Z., (2016). Antioxidant ac-
tivity of Citrus fruits. Food chemistry. 196, 885-896. https://doi.
org/10.1016/j.foodchem.2015.09.072

J HELLENIC VET MED SOC 2026, 77 (2)
TIEKE 2026, 77 (2)


http://www.tcpdf.org

