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Abstract

The aim of this study was to evaluate the effects of plant-based feed additives on egg quality, yolk oxidative status,
and fatty acid composition in laying hens. The experiment lasted 56 days and involved ISA Brown hens assigned to
seven treatments: a control diet and six diets supplemented with garlic, onion, or paprika at 2.5 or 5 g/kg feed. Each
treatment consisted of six cages with two hens per cage. Eggs were collected every 14 days (days 14, 28, 42, and 56).
Dietary supplementation did not significantly affect most egg morphometric traits, indicating that the tested additives
did not impair overall egg quality. However, yolk color was significantly enhanced in the paprika groups,
particularly at the higher inclusion level. Yolk oxidative status was also improved, as shown by reduced
malondialdehyde values and increased total antioxidant capacity, mainly in the paprika groups and secondarily in the
onion groups, while the highest total phenolic content was observed in the paprika high group. In addition, total
polyunsaturated fatty acids and omega-6 fatty acids were significantly increased in the supplemented groups.
Overall, paprika, especially at 5 g/kg, showed the most pronounced beneficial effects.
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1. Introduction Oxidative deterioration of lipids in egg yolk is a
major concern, as it affects both nutritional value
The increasing interest in natural alternatives to and shelf life. Indicators such as malondialdehyde
synthetic additives has led to extensive research (MDA), total antioxidant capacity (TAC), and
on plant-based compounds in poultry nutrition. total phenolic content (TPC) are commonly used
Plant-based ingredients such as garlic, onion, and to assess oxidative status [3]. Additionally,
paprika are rich in bioactive compounds, including offering phytogenic enriched diets can modify the
phenolics, carotenoids, and sulfur-containing fatty acid profile of eggs, particularly
compounds, which exhibit antioxidant and polyunsaturated fatty acids (PUFAs), which are
antimicrobial properties [1,2]. These compounds important for human health [4].
have the potential to improve egg quality, enhance Therefore, the aim of this study was to evaluate
oxidative stability, and modify the lipid the effects of garlic, onion, and paprika
composition of egg yolk. supplementation at different dietary inclusion

levels on egg quality traits, antioxidant status, and
yolk fatty acid composition in laying hens.
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2. Materials and methods

2.1 Experimental design

The experiment was conducted over a period of 56
days using laying hens of the ISA Brown
genotype. A total of seven experimental
treatments were established: Control, Garlic Low,
Garlic High, Onion Low, Onion High, Paprika
Low, and Paprika High. Each treatment consisted
of six replicate cages, with two hens housed per
cage, resulting in 12 hens per treatment. Birds
were randomly allocated to treatments at the
beginning of the experimental period and were
maintained under identical environmental and
management conditions, with free access to feed
and water throughout the study.

2.2 Diets

A commercial basal diet was used as the control
diet. For experimental treatments, the same basal
diet was supplemented with garlic, onion, or
paprika at inclusion levels of 2.5 or 5 g/kg feed, so
that the only difference among diets was the
addition of the tested plant-based additives. The
additives were thoroughly mixed into the basal
diet to ensure homogeneous distribution.

Prior to diet formulation, the plant-based additives
were analysed for their antioxidant properties.
TPC and TAC were determined for each additive.
Garlic exhibited TPC values of 287.42 ug gallic
acid equivalents (GAE)/g dry weight and TAC
values of 24.03 pg ascorbic acid equivalents
(AAE)/g dry weight. Onion showed TPC and
TAC values of 236.72 pg GAE/g dry weight and
18.88 ug AAE/g dry weight, respectively. Paprika
presented the highest antioxidant potential, with
TPC values of 347.42 png GAE/g dry weight and
TAC values of 22.60 ug AAE/g dry weight.

2.3 Egg sampling and quality measurements

Egg sampling was carried out at 14-day intervals
(days 14, 28, 42, and 56). At each sampling point,
one egg per cage was collected from each
replicate cage for the determination of egg quality
traits. The evaluated parameters included egg
weight, eggshell weight, shell thickness, yolk
colour, and the pH of yolk and albumen. Egg
weight and eggshell weight were measured using a
precision electronic balance. Shell thickness was
measured at three different points of the eggshell
using a digital micrometre. Yolk colour was
assessed using the Roche Yolk Color Fan, which
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provided a standardized score for pigmentation
intensity. The pH of both yolk and albumen was
measured immediately after egg breaking using a
calibrated pH meter.

In addition to the results obtained at each
individual sampling point, cumulative values over
the entire experimental period were also
calculated for egg quality traits and yolk
antioxidant parameters in order to assess the

overall effect of the dietary treatments.
Furthermore, egg yolks were separated and
appropriately  stored for the subsequent

determination of antioxidant parameters and fatty
acid composition. Fatty acid analysis was
performed using yolk samples collected at the
final sampling point (day 56) to evaluate the
cumulative effect of the dietary treatments over
the course of the experiment.

2.4 Fatty acid analysis

Fatty acid composition of egg yolk samples was
determined [5]. Briefly, 1 g of yolk sample was
mixed with methanol and potassium hydroxide
solution and homogenized using an Ultra-Turrax.
The samples were incubated at 55 °C, followed by
acidification with sulfuric acid and a second
incubation step under the same conditions. After
cooling, hexane was added, and the mixture was
vortexed and centrifuged. The upper hexane layer
containing fatty acid methyl esters (FAMEs) was
collected and stored at —24 °C until analysis.

Prior to fatty acid analysis, total lipid content of
egg yolk samples was determined using Soxhlet
extraction. The extracted lipid fraction was used to
calculate the absolute fatty acid concentrations in
relation to the total yolk fat content. Fatty acid
analysis was performed using gas chromatography
(GC) equipped with a flame ionization detector
and a capillary column (SP-2380). The oven
temperature was initially set at 37 °C and
gradually increased to 250 °C. Nitrogen was used
as the carrier gas, and fatty acids were identified
by comparing retention times with a standard
FAME mixture. Quantification was based on peak
areas, and fatty acid concentrations were
expressed as g per yolk fat (g/yolk fat) rather than
as percentage of total fatty acids. In addition, fatty
acids were grouped and reported as the sums of
saturated fatty acids (XSFA), monounsaturated
fatty acids (XMUFA), and polyunsaturated fatty
acids (XPUFA). The total -3 and ®-6 fatty acids
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were also calculated as the sum of the respective
individual fatty acids identified in each group.

2.5 Determination of oxidative parameters
Lipid peroxidation was assessed by measuring
MDA levels [6]. Briefly, 1 g of yolk sample was
homogenized with 8 mL of trichloroacetic acid
(TCA) and 5 mL of butylated hydroxytoluene
(BHT) dissolved in hexane. The homogenate was
centrifuged for 5 min, and 3 mL of the lower
phase was collected. Subsequently, 5 mL of thio-
barbituric acid (TBA) solution was added, and the
mixture was incubated in a water bath at 70 °C for
30 min and 60 min. After incubation, absorbance
was measured at 532 nm using a
spectrophotometer. MDA concentrations were
calculated using a standard curve prepared with
known concentrations of MDA and expressed as
nmol/mg sample.

TAC  was  determined  following  the
phosphomolybdate method [7]. Briefly, 100 uL of
sample extract was mixed with 2 mL of
phosphomolybdate  reagent and  vortexed
thoroughly. The reaction mixture was incubated in
a water bath at 95 °C for 90 min. After cooling to
room temperature, absorbance was recorded at
695 nm. Quantification was performed using an
ascorbic acid standard curve. TAC values were
expressed as pg ascorbic acid equivalents (AAE)
per mL of sample in egg yolk extracts and as pg
ascorbic acid equivalents (AAE) per g of dry
matter in the feed additives extracts.

TPC was determined separately for the feed
additives and egg yolk samples using different
Folin—Ciocalteu-based procedures. For the feed
additives, TPC was determined according to the
method of Singleton & Rossi [8], with slight
modifications. Briefly, 0.02 mL of extract was
mixed with 2.5 mL of distilled water and 0.4 mL
of Folin—Ciocalteu reagent, vortexed, and
incubated for 8 min. Subsequently, 0.5 mL of 7%
sodium carbonate (Na2COs) solution was added,
and the mixture was vortexed again and incubated
in the dark at room temperature for 2 hours.
Absorbance was measured at 750 nm using a
spectrophotometer, and results were expressed as
pg gallic acid equivalents (GAE) per g of dry
matter. For egg yolk samples, TPC was
determined according to [9]. Briefly, 100 mg of
fresh egg yolk was mixed with 5 mL of acetone,
vortexed for 2 min, and centrifuged for 3 min. An
aliquot of 0.2 mL of the supernatant was mixed
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with 0.1 mL of Folin—Ciocalteu reagent. After 3
min, 0.5 mL of 20% (w/v) sodium carbonate
solution was added, and the volume was adjusted
to 5 mL with deionized water. The mixture was
incubated at 60 °C for 40 min, and absorbance
was measured at 750 nm. Results were expressed
as mg GAE per g of fresh yolk.

2.6 Statistical analysis

Statistical analysis was performed using IBM
SPSS Statistics software. The experimental unit
for all analyses was the replicate cage. Data were
tested for normality and for homogeneity of
variances. Differences among treatment groups
were evaluated using one-way analysis of variance
(one-way ANOVA). When significant effects
were detected, means were compared using
Tukey’s post hoc test.

Results are presented as means, standard error of
the mean (SEM), and statistical significance was
declared at P < 0.05.

3. Results and discussion

3.1 Egg quality traits

The effects of dietary supplementation with garlic,
onion, and paprika on egg quality traits across the
experimental period are presented in Table 1.
Overall, most external egg quality parameters,
including egg weight, shell weight, and shell
thickness, were not significantly affected by the
dietary treatments throughout the experiment
(P>0.05), with the exception of shell thickness at
the first sampling (P=0.019). These findings
indicate that the inclusion of plant-based additives
at the tested levels did not negatively affect the
structural quality of the eggs. Similar observations
have been reported in laying hens receiving
phytogenic  feed additives, where most
conventional egg quality traits remained
unchanged despite improvements in antioxidant-
related responses [10,11].

Yolk colour was the parameter consistently
influenced by dietary treatment. At all sampling
points and during the whole experimental period,
paprika-supplemented groups, especially the high
paprika group, showed significantly higher Roche
yolk colour scores than the control and most other
treatments (P<0.001). This response is most likely
related to the high carotenoid content of paprika,
which is efficiently absorbed and deposited in the
yolk. Previous studies have also shown that
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paprika or red pepper supplementation enhances
yolk pigmentation in laying hens [12,13].

Yolk weight differed significantly only at the first
sampling (P=0.012), while no overall treatment
effect was detected over the whole trial. Yolk pH
showed significant differences at the second, third,
and fourth sampling, as well as over the sampling
period (P<0.05), whereas albumen pH was not
significantly  affected. ~These limited but
significant pH changes may reflect treatment-
related differences in the oxidative stability and
biochemical composition of the yolk, since
phytogenic compounds can influence redox status
and protein-lipid interactions within the egg
[10,14].

3.2 Fatty acid composition of egg yolk

The effects of dietary supplementation with garlic,
onion and paprika on the fatty acid composition of
egg yolk are presented in Table 2. The XSFA and
YMUFA were not significantly affected by dietary
treatments (P>0.05) indicating that the inclusion
of plant-based additives did not markedly alter the
major saturated and monounsaturated fractions of
yolk lipids.

In contrast, XPUFA were significantly influenced
by the dietary treatments (P<0.001). The highest
YPUFA values were recorded in the paprika high,
garlic high, and onion high groups, whereas the
control group exhibited the lowest value. These
results indicate that higher inclusion levels of
plant-based additives promoted enrichment of
yolk lipids with polyunsaturated fatty acids. A
similar trend was observed for w6 fatty acids,
which were significantly increased in the garlic
high, onion high, and paprika high groups
compared to the control (P=0.004). In contrast, ®3
fatty acids were not significantly affected by
dietary treatments (P>0.05).

The increase in PUFA and w6 fatty acids may be
attributed to the presence of bioactive compounds
in plant-based additives that can influence lipid
metabolism, including modulation of hepatic
desaturase and elongase enzyme activity [15,16].
Plant-based additives rich in polyphenols and
carotenoids have been reported to enhance
incorporation of unsaturated fatty acids into egg
yolk lipids by reducing lipid oxidation and
improving fatty acid stability during deposition
[17]. Additionally, plant-derived antioxidants may
protect polyunsaturated fatty acids from
peroxidation, allowing greater deposition of these

409

lipids in egg yolk [18]. The higher PUFA values
observed in the paprika and garlic high groups are
consistent with the improved antioxidant status
recorded in the present study, suggesting that
enhanced oxidative stability favored retention of
unsaturated  fatty acids. Overall, dietary
supplementation with plant-based additives,
particularly at higher inclusion levels, increased
yolk PUFA and w6 fatty acids without affecting
saturated fatty acids, indicating an improvement in
the nutritional profile of egg lipids.

3.3 Oxidative status of yolk

The effects of dietary supplementation with garlic,
onion, and paprika on the oxidative status of egg
yolk, as evaluated by MDA, TAC, and TPC
values, are presented in Table 3. Lipid
peroxidation, expressed as MDA concentration,
was significantly affected by dietary treatments in
most sampling points, particularly from the second
sampling onwards. At 30 min incubation, the
control group consistently exhibited higher MDA
values compared to several treatment groups,
indicating increased lipid oxidation. Notably, the
paprika high group showed the lowest MDA
values in the second (21.2 ng/g), third (6.8 ng/g),
and overall results (21.3 ng/g), demonstrating a
strong protective effect against lipid peroxidation
(P<0.001). A similar trend was observed at 60 min
incubation, where the control group again
presented the highest values, while lower MDA
concentrations were recorded in the onion high
and paprika high groups. These findings suggest
that dietary inclusion of plant-based additives,
particularly paprika, enhances oxidative stability
of egg yolk lipids.

TAC was significantly influenced by dietary
treatments across all sampling points (P<0.05). In
general, the control group exhibited the lowest
TAC values, especially during the second and
third samplings. In contrast, higher TAC values
were consistently observed in the paprika and
onion groups, particularly at the higher inclusion
levels. In the overall results, the highest TAC
values were recorded in the paprika high and
paprika low groups, followed by onion high,
indicating an improved antioxidant status of the
yolk. This enhancement may be attributed to the
presence of bioactive compounds such as
carotenoids and polyphenols, which are known to
increase antioxidant capacity [17].
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TPC showed significant differences mainly in the
third sampling and in the overall results
(P<0.001). The paprika high group exhibited the
highest TPC values both in the third sampling and
overall, while the control and most other groups
presented lower concentrations. Although no
significant differences were observed in the first,
second, and fourth samplings, the overall trend
indicates that higher inclusion levels of paprika
contribute to increased phenolic content in egg
yolk.

The observed improvements in oxidative stability
and antioxidant capacity can be explained by the
high content of natural antioxidants in plant-based

additives. Paprika, in particular, is rich in
carotenoids and phenolic compounds, which have
been shown to reduce lipid oxidation and enhance
antioxidant defenses in animal-derived products
[19]. Similarly, onion contains flavonoids such as
quercetin, which contribute to antioxidant activity
and may explain the moderate improvements
observed in the onion groups [20]. Overall, the
results demonstrate that dietary supplementation
with natural plant additives, especially paprika at
higher inclusion levels, effectively enhances the
oxidative stability and antioxidant profile of egg
yolk.

Table 1. Egg quality measurements

Garlic

Garlic

Onion

Onion

Paprika

Paprika

Sampling Parameter Control low high low high low High SEM P
Egg weight (g) 63.67 61.45 64.00 59.57 63.42 64.20 59.18 0.76 0.360
Shell weight (g) 635 5.95 5.68 5.70 5.70 6.05 585 012 0751
Shell thickness (mm) 0.356 0.315% 0.315% 0.295° 0.300% 0.332% 0.371* 0.01 0.019
1 Sampling  Yolk colour (Roche) 11.67% 11.58° 11.92¢ 11.00¢ 11.25¢ 12.75% 12.92¢ 0.08 <0.001
Yolk weight 15.78° 20.42% 18.08 19.07% 16.38° 17.77% 19.20*  0.39 0.012
Yolk pH 5.88 6.07 6.10 593 593 6.25 6.12 0.05 0.437
Albumen pH 8.22 8.08 7.98 8.20 7.93 7.93 7.93 0.04 0.086
Egg weight (g) 59.47 62.83 64.24 62.85 64.81 65.23 62.98 0.87 0.337
Shell weight (g) 6.00 5.46 6.28 5.41 5.77 5.98 5.61 0.11 0.158
Shell thickness (mm) 0.31 0.34 0.35 0.32 0.35 0.36 0.34 0.01 0.074
2" Sampling ~ Yolk colour (Roche) 11.08° 8.92¢ 10.92° 8.50° 9.17¢ 12.08* 12.75¢ 0.26 <0.001
Yolk weight 17.63 18.40 17.70 19.60 19.14 18.38 17.08 0.42 0.713
Yolk pH 5.92w® 5.61° 5.80% 6.26" 5.63® 5.82w® 5.65%® 0.06 0.046
Albumen pH 8.36 8.18 8.37 8.20 8.55 8.22 7.87 0.05 0.077
Egg weight (g) 60.58 65.54 67.73 62.15 68.15 66.66 63.01 0.89 0.141
Shell weight (g) 6.22 6.59 6.71 6.40 6.26 6.30 6.25 0.07 0.077
Shell thickness (mm) 0.35 0.35 0.34 0.31 0.31 0.32 0.32 0.01 0.058
3" Sampling  Yolk colour (Roche) 12.00%¢ 11.92% 12.33% 11.42° 11.75% 12.33% 12.83% 0.09 <0.001
Yolk weight 18.45 21.17 20.73 17.56 19.46 20.71 19.96 0.36 0.159
Yolk pH 6.45° 6.20" 5.96" 6.10" 5.93® 5.83° 5.99%® 0.06 0.049
Albumen pH 7.85 7.98 8.17 8.05 8.14 8.03 8.02 0.03 0.217
Egg weight (g) 64.05 64.78 65.80 64.57 67.40 68.85 63.37 0.59 0.145
Shell weight (g) 5.40 5.85 6.29 5.95 5.77 6.37 575 009  0.056
Shell thickness (mm) 0.30 0.29 0.28 0.32 0.29 0.33 0.33 0.01 0.071
4" Sampling  Yolk colour (Roche) 12.25% 12.17%* 11.83° 12.25% 12.17%* 12.42% 12.75% 0.17 0.036
Yolk weight 18.51 19.55 18.35 19.44 18.53 19.97 17.96 0.25 0.289
Yolk pH 6.08% 5.96° 6.13® 6.06" 5.91° 6.24° 6.00% 0.02 0.006
Albumen pH 8.13 8.11 8.14 8,28 8,14 8.03 8.06 0.03 0.274
Egg weight (g) 61.94 63.65 65.44 62.29 65.95 66.24 62.14 0.54 0.087
Shell weight (g) 5.99 5.96 6.24 5.78 5.88 6.18 5.87 0.05 0.167
Overall Shell thickness (mm) 0.33 0.32 0.32 0.31 0.31 0.34 0.34 0.01 0.087
experimental  Yolk colour (Roche) 11.75° 11.15¢ 11.75° 10.79¢ 11.08¢ 12.40° 12.82° 0.11 <0.001
period Yolk weight 17.59 19.64 18.67 18.92 18.38 19.21 18.55 0.22 0.331
Yolk pH 6.08% 5.96" 6.00" 6.09° 5.85° 6.04% 5.94® 0.02 0.035
Albumen pH 8.14 8.09 8.17 8.18 8.19 8.06 7.97 0.02 0.098
Table 2. Fatty acid composition of egg yolk
Parameter  Control Garlic low  Garlic high  Onion low Onion high  Paprika low Paprika high SEM P
X SFA 24.09 23.96 25.38 23.56 24.88 26.21 25.46 0.28 0.088
> MUFA 14.55 14.75 15.46 15.52 16.53 16.35 17.90 0.33 0.067
X PUFA 8.52¢° 8.92b¢ 10.25% 8.91b¢ 10.18® 9.862b¢ 10.382 0.18 <0.001
3 0.49 0.52 0.59 0.60 0.65 0.60 0.71 0.02 0.252
6 7.97° 8.34a 9.61* 8.18® 9.47* 9.212 9.532 0.18 0.004
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Table 3. The oxidative status of egg yolk

Parameter  Sampling  Time Control  Garlic low Garlic high Onion low Onion high Paprika low Paprika high SEM P
. 30 35.6 36.3 335 37.2 30.3 45.8 25.2 2.02 0.196
60 38.8 39.1 35.8 41.8 33.9 54.7 32.8 2.16 0.112
o 30 46.3* 35.74b¢ 32.6% 40.0% 28.3% 41.1% 21.2¢ 1.81 <0.001
60 53.8 434 42.0 48.0 33.9 51.0 32.1 2.32 0.077
MDA (ng/e) 3 30 24.3%® 25.3%® 21.7% 27.7* 16.9%¢ 14.6% 6.8¢ 1.44 <0.001

n,
gE 60 31.9 29.8 25.2 33.8 232 24.4 12.7 2.00 0.080
) 30 46.0° 22.3% 24.1% 15.5¢ 15.8¢ 24.0% 32.1° 1.81 <0.001
60 54.4° 28.7° 33.1° 20.7° 23.1° 34.9° 39.8% 2.34 <0.001
30 38.1° 29.9% 28.0%d 30.1% 22.8¢ 31.4% 21.3¢ 1.06 <0.001
Total

o 60 44.8° 35.2% 34.0% 36.1% 28.5° 41.2% 29.3° 1.37 0.006
I - 42 4% 39.5° 42.2% 41.9% 45.0* 44.9* 45.7* 0.54 0.012
2nd - 28.9¢ 36.0° 34.5° 34.5° 36.9% 38.8% 40.6° 0.66 <0.001
12/\%525 2nd - 30.4° 29.3% 31.8° 30.4° 37.0% 39.2¢ 40.5° 0.94 <0.001
4t - 40.9¢ 43.1% 42.8° 45.7% 46.6° 48.0° 47.6* 0.47 <0.001
Total - 35.6° 37.0° 37.8° 38.1° 41.4* 42.7* 43.6* 0.52 <0.001
I - 4152 4583 4712 4281 3871 4471 4935 108 0.141
2nd - 3113 3048 3251 3342 3463 3231 3708 66 0.124
ETE(/E % 3rd - 3046° 2949¢ 3227 3159¢ 3785% 2774¢ 4209° 91 <0.001
4t - 4878 4987 4752 5049 4523 4112 5113 143 0.536
Total — 3797° 3892° 3985° 3958° 3844° 3647° 4491° 56 <0.001

4. Conclusions

In conclusion, dietary supplementation with garlic,
onion, and paprika at 2.5 and 5 g/kg feed did not
adversely affect the main egg quality traits of
laying hens, while it significantly improved
specific yolk quality parameters related to
pigmentation, oxidative stability, and lipid
composition. Paprika, particularly at the higher
inclusion level, exerted the most pronounced
effects, as evidenced by enhanced yolk color,
reduced MDA concentrations, and increased TAC
and TPC values, indicating improved antioxidant
protection of yolk lipids. In addition, the
supplementation increased ZPUFA and w6 fatty
acids without affecting LSFA, XMUFA, or ®3
fatty acids, suggesting a selective improvement in
the nutritional quality of egg yolk fat. Overall,
these findings support the potential use of plant-
based additives, especially paprika, as natural
dietary supplements for improving the functional
and nutritional quality of eggs.
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