INTRODUCTION

In developing countries, producing and
processing vegetables and fruits results in a
significant amount of waste by-products, which
harms the environment (Dominguez et al. 2020).
Even though reducing food waste is a priority,
its reuse and entry into the food chain are
essential for the circular economy (Sabater et
al. 2020). Food waste may be recognized as an
ingredient due to its nutritional content., which
plays a relevant role in animal feed production
worldwide (Sabater et al. 2020). Food waste is
a cheap source of high-value components for
the food and meat industries (Dominguez et al.

2020).
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Abstract: The current research intended to examine the impact of dietary lemon peel
powder (LPP) on laying quail performance, egg quality criteria, and the antioxidant
capacity of the yolk. A total of 120 female Japanese quails (272.6+9.3 g), aged 21 weeks,
were allotted to 6 trial groups, each with 5 replicates of 4 quails. Additions of 0, 1, 2, 3,
4, 0or 5 g/kg of LPP to the basal diet were used to create the treatment groups. Quails
were fed ad libitum for 70 days. Neither performance parameters nor egg production was
affected by LPP. However, eggshell-breaking strength improved by adding 2 g/kg LPP to
the diet, but worsened at 5 g/kg. Moreover, the relative weight of eggshell and yolk L*
value decreased with the treatments. Dietary LPP enhanced oxidative stability, reducing
malondialdehyde (MDA) and increasing 1,1-diphenyl-2-picrylhydrazyl (DPPH) yolk values.
The current study demonstrated that LPP, a safe and easily accessible agricultural by-
product, enhanced eggshell quality when it was included in the diet of laying quails at
doses of 2 g/kg. In contrast, improvement of yolk antioxidant capacity required increased
amounts of LPP (4 g/kg). LPP could be advantageous to animal nutrition as an adequate
substitute to reduce waste by-products

Key words: Antioxidant capacity, egg quality, lemon peel powder, performance, quail.

Lemon (Citrus lemon L.), belonging to the
Rutaceae family, is the third most produced
and consumed citrus fruit worldwide after
orange and mandarin (Rahman et al. 2019),
which is processed to obtain juice (Alnaimy
et al. 2017) generating a large number of peel
residues (Papoutsis et al. 2017). Lemon is rich in
some valuable bioactive substances including
flavonoids, anthocyanins, flavones, isoflavones,
and isocatechins (Rahman et al. 2019) which
have antimicrobial and anti-inflammatory
properties (Youssef et al. 2020, Alagawany et al.
2021) and could improve meat shelf life (Khalifah
et al. 2021).

Most of the available studies have evaluated
lemon in feed such as essential oil (Alagawany et
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al. 2021, Sevim et al. 2021), lemon juice (Glltepe
et al. 2019) or leaves (Alzawqari et al. 2016),
and results about the effects of lemon parts
on development Akbarian et al. 2013, Salehifar
et al. 2017, Sevim et al. 2021) and egg quality
(Gultepe et al. 2019, Sevim et al. 2021, Wan et al.
2021) are unclear. Nevertheless, information on
the use of dried lemon peel in animal feed is
scarce. Dried lemon peel powder is a potential
ingredient in animal feed because it is easier
to store, transport, and add to the diet than
traditional lemon products (Chen et al. 2019). To
the best of our information, there is no detailed
study on the effect of LPP on the laying quail
performance and egg quality, specifically, on its
antioxidant capacity in yolks. Hence, the current
research was undertaken to find out the effect
of LPP in the diet on laying quails’ productivity
and egg quality. Moreover, this experiment aims
to evaluate the effect of LPP supplementation
in diets for laying quails on the antioxidant
capacity of egg yolks.

MATERIALS AND METHODS

The study was carried out at an animal farm,
so no special certification was required for
breeding laboratory animals. Nevertheless,
criteria specified by European policy for
protecting animals were applied during the
experimental period (The European Parliament
and the Council of the European Union 2010).
The authors confirm the ethical policies of
the journal, as noted on the journal's author
guidelines page. The European National
Research Council's guidelines for the Care and
Use of Laboratory Animals were followed.

Animals and management

A total of 120 female quails (Coturnix coturnix
japonica) of 21 weeks with similar body weights
(272.6£9.3 g) were obtained from a commercial
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farm and used for this experiment. This trial
was performed using a completely randomized
design in a rural farm at Selcuklu, Konya, Turkiye
(38°1'36”, 32°30'45"). The quails were randomly
allocated to six experimental groups. Each group
included 5 subgroups with 4 females each.

Animals were randomly allocated to 6
identical and disinfected battery cages (30
cm wide and 45 cm long) corresponding to
experimental diets. Quail were all reared under
controlled environmental conditions at the
same house, and the illumination schedule was
16 hours of light and 8 hours of darkness. Each
pen was arranged at a temperature and relative
humidity of 20+2.0 °C and 555 %, respectively.
Individual feeders and drinkers were placed in
each pen to enable ad libitum intake.

Dietary treatment

Supplementation of the experimental
treatments involved the use of lemon peels.
Lemon (Citrus lemon) peel powder (LPP) was
supplied by a regional market (Daginciri Ltd.
Sti., Aydin, Tirkiye). LPP was analysed according
to the procedure described by Singleton &
Rossi (1965) to estimate phenolic content and
reducing power (%). In addition, the half maximal
inhibitory concentration (IC,,) was determined
as proposed by Singh et al. (2002) (Table 1).
Treatments were designed by adding LPP
to the basal diet in mash form at levels of 0

Table I. Chemical composition, reducing power and
total phenolic content of lemon peel powder.

Parameters Level

Crude protein (%) 7.62

Crude fibre (%) 53.31

Crude fat (%) 436

DPPH (%) 7.66

Total phenolic content (g/kg GAE) 14.60
IC 5.894

50
DPPH: 2,2 diphenyl-1-picrylhydrazyl, GAE: Gallic acid
equivalent, IC_: The half maximal inhibitory concentration.
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(control), 1,2, 3, 4, and 5 g/kg. The basal diet was
designed following the recommendations of
the National Research Council (1994) to supply
the requirements of laying quail. All diets were
administered for 70 days and were isocaloric and
isonitrogenous, so no differences were found in
terms of energy or protein between experimental
diets. The AOAC (2006) proceedings were used to
analyse the chemical composition of the LPP
(Table 1) and the basal diet (Table ).

Determination of performance parameters

The quails were randomly divided into six trial
groups at the start of the trial. Initial and final
weighing were determined with a precision
weighing balance (£0.01 g) to evaluate body
weight changes. Trial diets were given by
weighing each subgroup, and then, feed intake
was calculated using the difference between
the quantity supplied and the leftovers from
each experimental unit as shown by Sarmiento-
Garcia et al. (2022). The total was divided by the
number of quails and the days consumed the

Table Il. Basal diet and nutrient composition.

Ingredient glkg

Corn 570.0

Soybean meal (460 g/kg CP) 261.0
Meat-bone meal (450 g/kg CP) 27.6
Full-fat soybean 65.0
Limestone 52.0
Sunflowers oil 171
Salt 3.0
Premix’ 25
DL methionine 1.8

Total 1000.0
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feed. The feed intake was expressed in g/bird/
day. Then, average body weight gain (g/day) was
calculated by subtracting initial body weight (g)
from final body weight (g) over the study period.

At the same time, eggs were collected and
recorded each day (at 10:00 am). Egg production
was calculated by dividing the egg number
obtained in a day by the total quails and
multiplying by 100. This value was expressed
as a percentage (%). The obtained eggs (n=300)
were individually weighed utilizing a calibrated
precision weighing balance over the course of
the final three days of the treatment (+0.01 g) to
eliminate time-dependent differences. Equation
(1) was used to compute egg mass using these
data:

Egg mass = (egg production (%) x egg weight
(g)) / 100 ()

Finally, the feed conversion ratio was calculated
according to the following equation (2):

Nutrient composition glkg
Metabolizable energy (kcal ME/kg)? 2900
Crude protein’ 200.0
Crude fat’ 73.5
Crude cellulose’ 39.7
Moisture’ 125.2
Calcium’ 25.0
Available phosphorus? 35
Lysine’ 10.6
Methionine’ 4.6
Cystine? 41
Methionine+Cystine’ 8.7

'CP: Crude Protein. 'Premix provides 80 mg manganese (manganese oxide), 60 mg iron (iron carbonate), 5 mg copper
(copper sulphate pentahydrate), 1 mg iodine, 0.15 mg selenium, 8800 IU vitamin A (trans-retinol acetate), 2200 IU vitamin D3
(cholecalciferol), 11 mg vitamin E (tocopherol), 44 mg nicotinic acid, 8.8 mg Cal-D-Pan, 4.4 mg Vitamin B2 (riboflavin), 2.5 mg
thiamine, 6.6 mg vitamin B12 (cyanocobalamin), 1 mg folic acid, 0.1 mg biotin, 220 mg choline to per kg of diet.

’Calculated values
*Analysed values
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Feed conversion ratio = feed intake (g feed) /
egg mass (g mass) (2)

Evaluation of egg quality characteristics

The analyses described were conducted at the
Egg Quality Laboratory (Faculty of Agriculture,
Selcuk University, Konya, Turkiye). The external
and internal quality characteristics of all eggs
(n=300) harvested in the last three days of the
experiment were examined at environmental
temperature. Ten eggs were analyzed for each
experimental treatment.

Damaged, cracked, and broken eggs were
quantified throughout the study and measured
as a % of the total number of eggs. The
resistance of the eggs to eggshell breaking was
checked by applying a rising pressure with the
Egg Force Reader (Orka Food Technology Ltd.,
Ramat Hasharon, Israel). A digital micrometer
(Mitutoyo, 0.01 mm, Japan) was employed to
determine the thickness of the eggshell (um)
by taking the average of the values of its three
parts (pointed, equatorial, and blunt).

To assess the internal quality of the eggs,
they were broken and the residues were removed
on a clean glass table. The relative weight of
eggshells has been determined as a percentage
of egg weight after the eggshells had been air-
dried for three days at ambient temperature.
Subsequently, the yolks and albumen were
separated. Using a height gauge, albumen and
yolk heights were determined, and a 0.01 mm
digital caliper (Mitutoyo, Japan) was employed
to determine width and length. From these
values, the next parameters were estimated. To
calculate the albumin index, the equation (3)
was applied:

Albumen index = [albumen height
(mm) / (albumen width (mm) +
albumen length (mm) / 2)] x 100

(3)
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Yolk index was determined using the following
equation (4):

Yolk index = [height of yolk (mm) / diameter of
yolk (mm)] x 100 (4)

The Haugh unit was obtained from egg weight
and albumen height data based on equation 5
as described by Stadelman & Cotterill (1995).

Haught unit = 100 x log (albumen height + 7.57 -
1.7 x egg weight®”) (5)

Samples were laid on the flat side of
Petri dishes for colorimetric analysis, and all
processes were conducted to preserve the
yolk integrity. To evaluate the parameters L*,
(lightness), a* (redness), and b* (yellowness),
yolks were measured using a digital colorimeter
(Minolta Chroma Meter CR 400, Minolta Co.,
Osaka, Japan) previously calibrated as reported
by Titcomb et al. (2019).

Determination of MDA and DPPH concentra-
tions in the yolk

The DPPH and TBARS analyses were performed
on 150 fresh eggs (5 per treatment). The
thiobarbituric acid reactive substances (TBARS)
test was performed with the modified procedure
described by Sarmiento-Garcia et al. (2021) in
duplicate to evaluate lipid peroxidation. Two
grams of each sample (2 samples per fresh
yolk) were homogenized using an ultraturrax
(IKA, USA) for 20 s with 12 mL of the TCA
(trichloroacetic acid) solution (7.5% TCA, 01%
EDTA, 0.1% Propyl gal-late). Filter paper nr
1 from Whatman (Maidstone, England) was
applied as a separator of the mixture. The
mixture was transferred into glass vials (3 mL)
with the addition of 3 mL of thiobarbituric acid
(TBA) solution (0.02 M) and vortexed. After, the
mixture was incubated at 100°C for 40 minutes
to develop a pink color. Subsequently, the
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mixture was cooled and applied centrifuge
(2000 rpm) for 5 minutes. The blank containing
1 mL of TCA extraction solution and 1 mL of TBA
solution was employed as a benchmark for
the spectrophotometric measurement (Perkin
Elmer, USA) of the supernatant at 530 nm
wavelength. Malondialdehyde, a byproduct of
tetraethoxypropane, was analyzed to provide
a standard curve for calculating TBARS. TBA
was expressed as pmol MDA/kg yolk using the
equation (6) described by Kilic & Richards (2003).

TBARS = [((absorbance/k x 2/1000) x 6.8) /
sample weight)] x 1000 (6)

The antioxidant capacity of the obtained
hydrolysates was tested using a modified
technique based on the scavenging effect of
1, 1-diphenyl-2-picrylhydrazyl (DPPH) radicals
(Sacchetti et al. 2005). Two grams of yolk sample
had been mixed with 25 ml of methanol (100%)
and subjected to an ultrasonic bath for 20
minutes for the extraction process. Whatman
No. 1 filter paper (Maidstone, England) was
utilized to separate the mixture and poured
into 0.1 ml glass vials. 29 mL of DPPH solution
(100 mL of Methanol (100%) + 0.0025 g of DPPH
(97%)) was added to the mixture and vortexed
for 25 seconds. Once the mixture was left for 30
minutes at room temperature, an absorbance
measurement at 517 nm was read with a
spectrophotometer (Perkin Elmer precisely UV/
VIS Spectrometer). The monitoring solution was
substituted with 95% ethanol. Every method
was triplicated to establish the mean value.
The DPPH was established using the formula (7)
reported by Sacchetti et al. (2005):

DPPH values = [(control absorbance - sample
absorbance) / control absorbance] x 100 (7)
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Statistical analysis

SPSS 22.0 software program (SPSS Inc., Chicago,
IL, USA), has been applied to analyze the
variance of the data, considering the means of
the cages as the test unit. Statistical significance
was established as a probability value of p <
0.05, while a probability value of p < 010 was
established as a trend. The robustness of
linear and quadratic models for explaining the
relationship of the dependent variable to an
increasing level of LPP in the diet was assessed
by orthogonal polynomial contrasts.

RESULTS

There was no mortality or illness symptom
observed in any experimental group. The means
in Table Il demonstrated that LPP dietary did not
affect performance regarding final body weight,
weight gain, feed intake, and feed conversion
ratio (p > 0.05) of laying quails throughout the
experiment. No differences were observed in egg
production, weight, or mass (p > 0.05) between
experimental groups. The range values for the
performance parameters and egg production
were as follows: final body weight, 274.6-282.5
g, body weight gain, 0.50-8.90 g; egg production,
85.89-89.19%; egg weight, 12.30-12.85 g; egg mass,
10.67-11.46 g/day/quail; feed intake, 32.13-33.49
g/day/quail; feed conversion ratio, 2.93-3.03 ¢
feed/g egg.

Table IV provides data on the features of
egg quality with the administration of LPP to
the laying quail diets. No significant effects on
damaged egg rate and eggshell thickness were
found among the six treatments (p > 0.05).
Feeding 2 g/kg LPP to laying quails caused an
increase in eggshell-breaking strength (1.69 kg)
compared to the control and other ones. The
lowest breaking strength (1.32 kg) value was
found at a high LPP level (5 g/kg). The relative
eggshell weight was linearly affected (p < 0.01)
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Table Ill. Performance growth and egg production of laying quails (n=120) receiving dietary lemon peel powder.

Parameters Lemon peel powder (g/kg) SEM. p-value

0 1 2 3 4 5 Anova L Q
Initial body weight (g) 265.7 2721 269.8 | 2804 276.9 270.6 6.83 0.718 0.403 0.295
Final body weight (g) 274.6 276.6 277.3 282.5 2774 274.8 8.44 0989 | 0906 & 0.562
Body weight gain (g) 890 | 450 | 750 | 210 | 050 | 420 | 359 | 0606 0199 | 0.521
Feed intake (g/quail/day) 32.86 3213 33.49 3291 32.75 3223 | 0.668 | 0.783 0.755 0.451
Egg production (%) 88.33 | 8594 8919 8914 88.57 | 85.89 | 1.326 0.341 0.713 0.205
Egg weight (g) 1230 | 1242 | 1285 | 1265 | 1246 | 1271 | 0206 | 0.568 = 0316 | 0400
Egg mass (g/quail/day) 10.87 10.67 1.46 11.27 11.04 1094 0255 | 0465 @ 0.610 0.192
FCR (g feed/g egg) 303 | 301 | 293 | 293 | 297 | 298 | 0091 0971 | 0.665 0506

FCR: Feed conversion ratio; S.E.M.: Standard error means. L: Linear effect; Q: Quadratic effect.

by the LPP supplementation. As shown in Table
IV, this value decreased as the concentration
of LPP in the diet increased and this value was
minimal at a 4 g/kg LPP level.

Dietary LPP did not affect the albumen,
yolk indexes, and Haugh unit. For the yolk
color parameters, redness (a*) and yellowness
(b*) were not influenced by LPP dietary (p
> 0.05). However, the yolk lightness value (L*)
was affected by the supplementation with LPP
in the diet (p < 0.05), and those values were
substantially lower in the groups supplemented
with 1, 3, and 5 g/kg LPP (50.46, 50.68, and 50.71,
respectively) than in the control group (53.73).

Table V demonstrates the effect of using
LPP in the diet on yolk DPPH and MDA values.
Regarding yolk DPPH levels, considerable
differences were described among the
experimental groups (p < 0.01). Overall highest
DPPH value (8.561 % reducing) was observed in
the 5 g/kg LPP group, and the lowest DPPH was
recorded in the control and 2 g/kg LPP groups.
The TBARS procedure had been employed
to assessed the inhibition ability of LPP on
lipid peroxidation. Adding LPP to the diet was
considerably significant on yolk MDA (p < 0.01).
Laying quails fed supplemented diets showed a
significant decrease in MDA value as compared
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to those fed control diets (p < 0.01). In addition,
these values declined further when dietary LPP
levels were above 3 g/kg.

DISCUSSION

In this experiment, the addition of LPP to the
laying quails’ diet did not affect the performance
parameters or egg production. In close agreement
with our findings, Sevim et al. (2021) claimed that
adding lemon peel oil (300 mg/kg) to breeder
quail diets did not affect performance except for
feed intake. Similar results have been described
in broilers, previous authors stated that the
performance parameters were unaffected by the
supplementation of 250 mg/kg dried lemon peel
(Boumezrag et al. 2018), 0.2, 0.6 or 1.0% lemon
pulp powder (Salehifar et al. 2017), or 300 and
400 mg/kg lemon peel extract (Akbarian et al.
2013). Contrary, Glltepe et al. (2019) observed that
egg production improved in laying hens with the
administration of 0.5 to 5% lemon juice to the
drinking water, but the rest of the performance
parameters were unaffected. These findings are
partially similar to those described by Wan et
al. (2021), who reported an improvement in feed
intake and egg production in laying hens when 2
and 4% fresh lemon were added to the diet. On
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Table IV. Effect of lemon peel powder on egg quality traits (n=300) in laying quails.

Lemon peel powder (g/kg) p-value
Parameters S.E.M.
0 1 2 3 4 5 Anova L Q
Damaged egg (%) 040 | 103 0.32 016 0.34 1.01 | 0340 @ 0436 | 0.802 & 0.289
Egg-breaking strength (kg) | 150 | 1.60% | 1.69° | 152°° | 140“ | 132° | 0.049 | 0.001 @ 0.001 | 0.002
Relative eggshell weight (%) = 871 | 867 8.54 840 | 799 814 | 0197 | 0135 | 0.009 | 0919
Eggshell thickness (um) 2223 | 2213 | 2234 | 2156 | 2167 | 2202 | 336 | 0.625 | 0307 | 0.599
Albumen index 263 | 270 2.58 284 | 284 | 281 | 0148 | 0753 | 0240 @ 0984
Yolk index 4918 | 4926 | 49.98 | 4824 | 4814 | 4889 | 0970 | 0.867 & 0.511 | 0.665
Haugh unit 9015 | 90.82 | 8934 | 9202 @ 91.89 | 9194 | 1120 | 0492 | 0143 | 0.832
L* 5373% | 5046° | 52.04™ | 50.68" | 52.34° | 50.71° | 0.654 | 0.017 | 0.072 & 0189
a* 123 | 155 1.07 1.68 129 1.83 | 0194 | 0.094 @ 0102 & 0438
b* 3548 | 3134 | 3343 | 3272 | 3457 | 3258 0995 | 0189 | 0578 & 0.367

L*: Lightness; a*: Redness; b*: Yellowness; S.E.M.: Standard error means. L: Linear effect; Q: Quadratic effect. **“: Means with
different superscripts in the same row were significantly different (p < 0.05).

Regression equation for eggshell breaking strength: 1.63-0.0482X,

Regression equation for relative eggshell weight: 8.77-0.144X,
Regression equation for yolk lightness: 52.4-0.309X.

the other hand, Goliomytis et al. (2018) described
a decrease in performance parameters when
the orange pulp (9%) was added to the laying
hens’ diet which was related to the presence
of anti-nutritional substances, such as tannins
and pectin. Several reasons might explain the
inconsistencies between previous experiments.
According to Salehifar et al. (2017), the part of the
plant utilized, the doses, the concentration, and
the profile of the active components present in
the citrus could be for responsible the differences
observed in performance parameters. Moreover,
those authors suggest that the improvement in
performance parameters could be more evident
depending on the animal's physiological state,
background nutrition, or housing conditions.
Nevertheless, the results of this research have
suggested that the inclusion of LPP in the diet
of laying quails offers an excellent way to reuse
lemon by-products without compromising
performance and egg production parameters. It
could also be an interesting approach to reducing
feed costs.

In the current study, dietary LPP did not
affect the damaged egg rate and eggshell
thickness, however, significant differences
were found in eggshell-breaking strength and
relative eggshell weight. Doses of 2 g/kg LPP
enhanced egg-breaking strength. Lemon peels
are a valuable source of calcium and magnesium
(Czech et al. 2020), which both play an important
role in eggshell thickness (Olgun et al. 2022). The
inclusion of LPP in the dietwould increase mineral
content, suggesting a higher bioavailability and
absorption of these minerals at doses of 2 g/
kg LPP compared to other levels. Similar results
have been found in a study on breeder quails
(Sevim et al. 2021), which revealed that 300 mg/
kg of lemon peel essential oil improved eggshell-
breaking strength. However, Wan et al. (2021)
claimed that eggshell strength was unaffected
in laying hens that received fresh lemon (2 or
4%) along with their diet. The eggshell-breaking
strength was also reported to be unaffected
when bioactive compounds of lemon such as
hesperidin (Goliomytis et al. 2014), naringin (Li et
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Table V. DPPH and MDA response of the fresh yolk (n=150) in laying quails receiving different doses of lemon peel

powder.
Lemon peel powder (g/kg) p-value
Parameters S.E.M.
0 1 2 3 4 5 Anova L Q
DPPH (% red ucing) 4768 | 6.007™ | 5251° | 5862 | 7.937%° 8.561° 0.6324 0.005 <0.001 0.222
MDA (pmol/kg) 3.781° 2.611° 3128° 2.421° 2.258¢ 2.339¢ 01223 | <0.001 | <0.001 0.048

S.E.M.: Standard error means, DPPH: 2,2 diphenyl-1-picrylhydrazyl, MDA: malondialdehyde, L: Linear effect; Q: Quadratic effect.
2% Means with different superscripts in the same row were significantly different (p < 0.05).

Regression equation for DPPH: 4.59+0.725X,
Regression equation for MDA: 3.40-0.256X.

al. 2022), or both (iskender et al. 2017, Lien et al.
2008) were added to the diet. According to Czech
et al. (2020), the calcium content of the peel of
all citrus fruits is more than 50% compared to
the pulp. Similarly, it has been reported that the
magnesium content of lemon peel is 37% higher
than that of its pulp. Therefore, removing this part
of the fruit considerably decreases its nutritional
value and consequently affects egg values, which
could explain the differences between the studies
reported.

Contrary to eggshell-breaking strength,
relative eggshell weight decreased linearly with
dietary LPP (up to 4 g/kg). Goliomytis et al. (2018)
described that eggshell relative weights were
negatively affected when hens were fed with
orange-dried pulp (9%) to the control. Those
authors attributed these findings to the lowest
feed intake in the orange-dried pulp group. In
the current research, the maximum value for
the eggshell weight was obtained for the control
group with the highest feed intake value (32.91
g/quail/day). This outcome differs from the
findings of the study conducted by Sevim et al.
(2021), who found that adding 300 mg/kg lemon
peel oil to breeder quails’ diet did not affect the
relative weight of the eggshell. Similar results
were reported by Lien et al. (2008) who indicated
that neither naringin nor hesperidin affected the
relative eggshell weight. The aforementioned
differences can probably be related to the dose
as well as the portion of citric acid supplied.
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The treatments did not affect the color
traits (a*, b*) except for the lightness value
(L*), which was declined when LPP was added
to the diet. The control group obtained lighter
yolk compared to the dietary LPP groups. Egg
yolk color is an important trait for purchase
decisions (Olgun et al. 2022), driven by intrinsic
and extrinsic characteristics and sociocultural
factors. However, a high percentage of the
population associates darker yolks with improved
quality, which could provide a potential market
opportunity for eggs from quails receiving
dietary LPP. The effect on the egg yolk color of
including lemon and its byproducts in the layer
diet is unclear. According to the current results,
Goliomytis et al. (2018) demonstrated a reduced
color * value when orange peel at the 9% level
was added to the hens™ diet. These authors
described a reduction in feed intake when citrus
was added, which could affect the color traits. On
the other hand, Li et al. (2022) reported enhanced
yolk color when naringin was added to the layer
diet. These authors linked this finding with an
increase in the activity of the antioxidant enzyme
(neohesperidin dihydrochalcone) which could
reduce antioxidant activity and lead to a major
deposition of pigments. While Sevim et al. (2021)
claimed that lemon peel oil did not affect the
yolk L* value. Differences among studies could be
explained by the dosage (300 mg/kg lemon peel
oil vs 1-5 g/kg LPP) used as well as the lemon
portion (peel oil vs. peel powder) involved.
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The current study showed an improvement
in oxidative yolk stability (DPPH and MDA value)
when LPP was added to the diet. These results
would indicate that the inclusion of LPP may
decrease the vulnerability to lipid peroxidation of
stored eggs related to the decrease of available
cholesterol, and probably also increase their
shelf life, as reported by Sarmiento-Garcia et
al. (2023). This fact is of great importance for
consumers, making these findings a key point in
the choice when buying eggs. Similarly, previous
studies have reported the positive effect of
different lemon sources such as lemon powder
(Youssef et al. 2020), lemon leaf powder (Khalifah
et al. 2021), lemon leaf oil (Alagawany et al. 2021),
or powder concentrated (Alzawgari et al. 2016)
on the total antioxidant capacity of plasma and
meat. Goliomytis et al. (2014) reported that lemon
components (specifically hesperidin) included in
the hens™ diet enhanced the oxidative stability
of the yolk. Those authors suggested that
hesperidin, which is a bioactive compound found
in lemons, reduces lipid peroxidation by binding
the hydrogen ion to free radicals, similar to the
action of other antioxidants such as vitamin E or
C (Van Acker et al. 2000). In the same context, Lien
et al. (2008) claimed that the addition of another
lemon compound (in this case 0.5 g/kg naringin)
to the diet decreased the value of MDA in serum.
Li et al. (2022) declared that dietary naringin (1,
2, and 4 g/kg) improved the antioxidant capacity
of the ovarian and serum, and reduced oxidative
stress, which is consistent with the findings of
Bao et al. (2022) in old hens. Bioactive chemical
compounds in lemons are potent antioxidants
and efficient removers of reactive oxygen species,
suppressing the activity of oxygen free radicals
that destroy normal cells. These substances could
inhibit chain reactions during lipid peroxidation
with beneficial effects on the products, their
shelf life, and animal health (Gonzalez-Molina et
al. 2010, Alagawany et al. 2021, Khalifah et al. 2021).
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These results suggest that the inclusion of LPP in
the diet would not only have a negative effect but
also could improve egg shelf life.

CONCLUSIONS

This research demonstrates that LPP can be
incorporated as a feed ingredient without
negatively compromising performance and egg
production. Including a 2 g/kg level of LPP in
the quail diet was effective in improving the
resistance to eggshell breaking. However, to
enhance the yolk’s antioxidant capacity (MDA
and DPPH value), it is necessary to use LPP at
a level of 4 g/kg in the diet which may prolong
shelf life and benefit consumers. These results
suggest that incorporating LPP could be a
potential strategy to reuse lemon by-products
and improve some egg quality criteria.
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