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Abstract: This study aimed to evaluate the effects of dietary propolis supplementation on the meat quality of 35-week-old broiler
breeder chickens. A total of 100 Ross 308 chickens were divided into five groups and supplemented with 0, 100, 200, 400, and 800 ppm
of propolis in their diet. The study measured various meat quality parameters, including pH, color (L*, a* b*), cooking loss, and drip loss
over three storage periods (1, 4, and 7 days). Results showed that propolis supplementation influenced pH, with the P800 group
exhibiting the highest pH value by day 7. Color parameters, particularly yellowness (b*), were significantly reduced in thigh meat in the
200 ppm group. Propolis supplementation, especially at 800 ppm, significantly reduced drip loss and cooking loss, improving water
retention and texture in both breast and thigh meat. These findings suggest that propolis supplementation, particularly at 800 ppm, can
improve meat quality by enhancing water-holding capacity and influencing color stability. The improved meat quality in terms of water
retention and texture, makes propolis supplementation a promising option for enhancing the quality of processed poultry products, such
as salami and sausages. Further research is needed to optimize the appropriate dosage for maximizing the benefits of propolis in poultry
meat.
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1. Introduction

In recent years, the use of natural feed additives,
particularly propolis, has gained significant attention due
to its promising effects on animal health and meat quality.
Propolis, a biologically active substance produced by bees
from plant resins, is widely utilized in animal nutrition for
its strong antimicrobial, antioxidant, and
immunomodulatory properties. Numerous studies have
investigated its effects on growth performance, immune
function, and meat quality in broiler chickens (Zulhendri
etal,, 2021; Abdel-Maksoud et al., 2023, Sahin and Ozturk,
2018). However, while most research has focused on
younger broilers (Mahmoud et al, 2016; Prakatur et al.,
2020), the impact of propolis on the meat quality of broiler
breeders, particularly at 35 weeks of age, remains largely
unexplored.

Propolis is composed of flavonoids, aromatic acids, and
phenolic compounds such as galangin and pinocembrin
(Koohsar et al,, 2018). These bioactive compounds play a
crucial role in reducing oxidative stress in muscle tissue
and preventing lipid oxidation (Kaewsatuan et al., 2023;
Mujica et al,, 2017), which can contribute to extending
meat shelf life while preserving freshness. Oxidative
stability is a key factor influencing meat quality
parameters such as color (particularly the red hue
associated with a* values) and flavor (Sabuncular et al,,

2021). As muscle pigmentation changes with age,
evaluating the effects of propolis on this process is critical
for meat processing and marketing.

Meat quality traits such as pH, color (L* a* b*), water-
holding capacity, drip loss, and cooking loss directly
impact consumer preferences and market value. Age-
related changes, including increased connective tissue and
variations in intramuscular fat distribution, significantly
affect meat texture and chewiness (Yalcin et al, 2014).
Compared to beef or pork, poultry meat is more
susceptible to spoilage, making the monitoring of quality
losses during storage essential for maintaining freshness
and ensuring quality assurance. Effective control of meat
quality is critical for enhancing sensory attributes,
minimizing economic losses, and improving the efficiency
of the poultry meat industry.

Understanding meat quality changes in older broilers is
important for both scientific research and commercial
applications. The breast and thigh meat from older
broilers may exhibit differences in flavor, aroma, texture,
and nutrient composition compared to younger broilers
(Komiyama et al, 2010). These age-related changes
provide a valuable opportunity to examine the effects of
bioactive feed additives such as propolis on meat
characteristics. Evaluating propolis's impact on muscle
pH, water-holding capacity, and color in 35-week-old
broiler breeders could provide crucial insights into its role
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in improving meat quality.

In certain markets, meat from older broilers is preferred
for processed products such as sausages and salami. Since
muscle glycogen levels and connective tissue content
change with age, variations in pH, water-holding capacity,
and tenderness can significantly influence meat
processing (Khan et al, 2019).
Investigating 35-week-old broilers can yield valuable data
on the quality of breeder meat and support the
development of high-quality processed poultry products.

This study investigates the of dietary
supplementation with different levels of propolis extract
(100, 200, 400, and 800 ppm) on meat quality parameters,
including pH, color, drip loss, and cooking loss, in 35-
week-old broiler breeders. The use of propolis as a natural
feed additive has the potential to enhance meat
production quality. However, further research is needed
on the optimal dosage and economic sustainability of
propolis to improve the applicability of broiler meat in
processed products. The findings of this study will provide
insights into the impact of propolis on meat quality and
contribute to understanding the market potential of more
mature broilers, ultimately supporting the production of
healthier and higher-quality meat.

characteristics

effects

2. Materials and Methods

2.1. Animals, Diet, and Experimental Design

This study was conducted on 35 week-old 100 Ross 308
female broiler breeder chickens, which were randomly
allocated into five groups (each group consisted of four
replicates, with five chickens per replicate, resulting in a
total of 20 chickens per group). The experimental groups
included a control group (C) and four treatment groups
supplemented with propolis at varying concentrations
(P100, P200, P400, and P800). The broilers were housed
on wood shaving under
throughout the experimental period (for four weeks),
following the management guidelines for Ross 308
hybrids (AVIAGEN, 2014).

Broilers had ad libitum access to water and were fed a
standard basal diet at an average of 155 g per day. The
composition and nutritional profiles of the diets used
during the chick, pullet, and breeder stages are presented
in Table 1.

2.2. Propolis Extraction and Characterization

standardized conditions

Raw propolis used in this study was obtained from a local
beekeeper in Giresun, Tiirkiye, who collected the material
from a consistent floral source. Upon collection, the
propolis was stored at -20 °C until extraction, following
the protocol described by Choi et al. (2006). For
extraction, the hardened propolis was ground into a fine
powder using a mortar and pestle. Ethanol extraction was
performed as outlined by Shalmany and Shivazad (2006),
and the resulting extracts were stored in dark-colored
glass jars at room temperature until use (Cetin et al,,
2010).

The chemical composition of the extract was determined
using gas chromatography-mass spectrometry (GC-MS).

The analysis confirmed the presence of key bioactive
compounds, including phenolic acids and flavonoids,
which are known for their antioxidant and antimicrobial
properties. These findings were consistent with the
results reported by Konan¢ and Ozturk (2025).

The doses of propolis extract have been determined based
on the recommended dose ranges in the literature (Irawan
et al, 2021). Propolis extract supplementation was
performed by spraying onto the feed, and the treatment
groups received ethanol-extracted propolis for four
weeks. The control group was fed a basal diet without any
additives (Table 2).

2.3. Sample Collection and Measurements

At 35 weeks of age, four broiler (one broiler each
replicate) from each group were randomly selected and
slaughtered following a 10-hour feed withdrawal period.
The broilers were euthanized by cervical dislocation and
exsanguinated for two minutes. Carcasses were manually
defeathered, eviscerated, and immediately processed
without prior chilling.

Carcass body weight was recorded using an electronic
scale with a precision of 0.01 g. Carcass yield was
calculated as the percentage of live weight converted into
carcass weight. The technological meat quality
parameters were assessed on breast and thigh muscles,
including pH, drip loss, cooking loss, and color
measurements.

2.4. pH Measurement

The pH of breast and thigh muscles was measured at three
post-mortem time points: 1 day (45 minutes after
slaughter), 4 days, and 7 days. The initial pH was recorded
45 minutes after slaughter using a calibrated pH meter
(Thermo 205) with a solid probe at ambient temperature.
The electrode, immersed in the muscle samples, was kept
in place until the pH meter reading stabilized. The
measurement was then recorded once the value on the
screen became constant. The measurements were
repeated for samples stored at +4°C for 4 and 7 days. Each
measurement was performed three times, and the average
value was recorded.

2.5. Drip Loss Measurement

Breast and thigh muscle samples (~10 g; 3 cm in length, 2
cm in diameter) were placed in polyethylene bags and
suspended in a refrigerator at +4°C for 24 hours. The
samples were weighed before and after refrigeration. Drip
loss was determined using the following formula
(equation 1):

Drip Loss (%) = [(Initial Weight - Final (D
Weight) / Initial Weight] x 100

where initial sample weight refers to the weight of the
fresh sample before storage, and final sample weight
represents the weight after a specific storage period at
refrigeration temperature. The process was repeated for
samples stored for 4 and 7 days.
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Table 1. The composition of the feed mixture, for chicks (1-28 days old)?, for pullets (28-154 days old)?, for broiler
breeders (155+ days old)3

Ingredients % Nutrien"t ) %
composition
1 2 3 1 2 3
Corn 547.00 619.00 687.28 Crude protein 19.000 15.000 15.000
SBM* 229.24 109.24 154.16 | Eher extract 3.050 3.000 3.370
Wheat bran 72.97 109.15 13.03 Crude Fiber 4.080 4.860 3.550
Wheat meal 60.00 60.00 60.00 Total Ash 5.930 5.200 10.700
SFM** 50.00 100.00 50.00 Total P 0.763 0749 0.583
Limestone powder 11.33 10.14 70.18 Av. Phospho. 0.450 0.420 0.350
MCP*** 9.41 7.75 6.79 Calcium 1.000 0.900 3.000
Vegetable oil 5.00 1.81 6.57 DL-Methionine 0.423 0.320 0.300
Salmonella inhibit 3.00 3.00 2.00 Lysine 1.010 0.740 0.740
Broiler mix**** 3.00 3.00 3.00 Tryptophan 0.236 0.175 0.175
Salt 2.09 2.20 2.20 Threonine 0.724 0.565 0.567
DL-methio. (99%) 1.18 0.47 0.39 Isoleucine 0.798 0.585 0.624
Toxin binder 1.00 1.00 1.00 Histidine 0.520 0.403 0.416
Vitamin D3 1.00 1.00 0.50 Valine 0.901 0.700 0.715
NaHCOs3 1.00 0.71 1.06 Leucine 1.573 1.244 1.335
Organic minerals 1.00 1.00 1.00 Arginine 1.293 0.969 0.995
Probiotics 1.00 0.50 - Phenylalanine 0.922 0.692 0.732
Lysine (99%) 0.68 1.67 0.33 Clor 0.167 0.202 0.160
Threonine 0.11 0.27 Sodium 0.160 0.160 0.160
Vitamin E - - 0.50 Potassium 0.814 0.634 0.600
Linoleic acid 1.387 1.325 1.552
Cholin mg/kg 0.311 0.285 0.286
Total 1000.00 1000.00 1000.00 | ME**#** 2800 2800 2800

SBM*; Soybean meal (46 %CP), SFM**; Sunflower meal (36 %CP), MCP (%22.7 Ca)***; Monocalcium fosfat, Broiler mix***¥;
V+M+E=Vitamin +Mineral+Enzyme, ME*****; Metabolisable Energy (Kcal/kg).

Table 2. Feeding protocol for groups

Groups Number of chickens Feeding Protocol

Control (C) 20 Feed mixture

P100 20 Feed mixture+100 ppm propolis extract

P200 20 Feed mixture+200 ppm propolis extract

P400 20 Feed mixture+400 ppm propolis extract

P800 20 Feed mixture+800 ppm propolis extract
2.6. Cooking Loss Measurement towel, and reweighed. Cooking loss was calculated using
Approximately 10 g of minced breast and thigh meat from the following formula(equation 2):

each sample was sealed in a polyethylene bags and heated Cooking Loss (%) = [(Initial Weight — Final @)

in a water bath at 80°C for 20 minutes. The samples were Weight) / Initial Weight] x 100

then cooled to room temperature, dried with a paper
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where pre-cooking weight represents the initial sample
weight before cooking, and post-cooking weight refers to
the final weight after cooking. The process was repeated
for samples stored for 4 and 7 days.

2.7. Color Measurement

Breast and thigh muscle color was evaluated after 24
hours of refrigeration at +4°C. Color measurements were
performed using a Minolta CR 300 Chroma Meter (Minolta
Camera Co., Osaka, Japan) after making a fresh vertical
incision in the middle of the muscle. The color parameters
were recorded in the CIE-Lab* system, measuring
lightness (L*), redness (a*), and yellowness (b*) at three
points on the skinless left thigh and breast muscles (Hunt
et al, 1991). Each measurement was performed three
times, and the average value was recorded.

2.8. Statistical Analysis

The effect of propolis supplementation on measured
parameters was analyzed using one-way analysis of
variance (ANOVA), considering treatment groups as the

main factor. Means were compared using Duncan’s
multiple range test within the GLM procedure SPSS v26
(IBM Inc.). Data were expressed as mean * standard
deviation (SD). Statistical significance was set at P< 0.05.

3. Results

3.1. Body weight

The average carcass body weight and yield values are
presented in Table 3. The lowest live weight was observed
in the 100 ppm group (3552.86 g), while the highest was
in the 400 ppm group (3812.17 g), with no statistically
significant differences among groups (P=0.217). Similarly,
carcass body weight ranged from 2714.17 g (200 ppm) to
3118.00 g (400 ppm), and carcass yield varied between
75.94% (200 ppm) and 81.59% (400 ppm), but these
differences were not significant (P>0.05). These findings
indicate that propolis supplementation did not affect live
weight, carcass weight, or yield.

Table 3. Estimated average + SD of live weight (g), carcass body weight (g) and carcass yield (%) according to the groups

Groups/ Parameters Live weight (g) Carcass body weight (g) Carcass yield (%)
Control 3719.500+£197.234 2948.250+£199.587 79.216+1.488
P100 3552.857+379.768 2835.142+409.023 79.595+1.378
P200 3556.000+342.015 2714.1661412.787 75.941+1.488
P400 3812.166+295.655 3118.000+£367.262 81.589+1.488
P800 3680.000+340.073 2934.000+£371927 79.575+1.630

Means within rows without common superscripts differ significantly according to ANOVA (P<0.05).

3.2. pH values

The pH values of thigh and breast meat over postmortem
days 1, 4, and 7 are shown in Table 4. Overall, pH values
increased over time. On day 1, thigh pH ranged from 5.87
to 5.99, reaching 6.89-7.25 by day 7. Breast pH followed a
similar pattern, increasing from 5.68-5.76 on day 1 to
6.12-6.53 by day 7. On day 4, the 800 ppm group had the
lowest thigh pH (6.03), significantly lower than the control
group (6.46) (P<0.05). On day 7, the highest thigh pH was
in the 800 ppm group (7.25), but all groups were
statistically similar (P=0.359). For breast meat, significant
differences were observed on day 7, with the 100 ppm
group having the highest pH (6.53) and the 400 ppm
group the lowest (6.12) (P<0.05).

3.3.L*, a*, b* values

Table 5 summarizes the color parameters. Lightness (L*)
values did not differ significantly among groups for thigh
(P=0.873) or breast meat (P=0.243). Redness (a*) values
were also not significantly affected by propolis
supplementation in either meat type (P>0.05). However,
yellowness (b*) showed significant variation, with the 800
ppm group having the highest thigh meat b* value (9.206)
and the 200 ppm group the lowest (6.558) (P<0.05). A
similar trend was noted in breast meat, where the 200

ppm group exhibited significantly lower yellowness
compared to the control (P<0.05).

3.4. Drip loss

Drip loss values over days 1, 4, and 7 are presented in
Table 6. Propolis supplementation, particularly at 800
ppm, reduced drip loss in both thigh and breast meat. The
control group had the highest drip loss values across all
time points, while the 800 ppm group consistently showed
the lowest values. Significant reductions were observed
on days 4 and 7 for both meat types, with the P800 group
exhibiting the lowest values (P<0.05).
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Table 4. Estimated average + SD of pH values according to the groups on thigh and breast meat

pH values 1.day 4.day 7.day P-value
Control 5.866%0.0884¢ 6.460£0.333 4b 6.966+0.321 Aa 0.001
P100 5.994+0.185 Ac 6.33440.173 ABb 7.067£0.391 4a 0.001
§ P200 5.981+0.1284b 6.358+0.327 ABb 6.888+0.409 Aa 0.001
éo P400 5.938+0.148 Ac 6.24610.238 ABb 6.931£0.1064a 0.001
E P800 5.930£0.1194b 6.028+0.195Bb 7.24610.123 Aa 0.001
P-value 0.538 0.114 0.359 -
Control 5.681£0.024 Ab 6.005£0.096 4a 6.260£0.357 ABa 0.001
P100 5.731£0.063 Ac 6.064+0.208 Ab 6.534+0.2554a 0.001
:g P200 5.748+0.113 Ab 6.156£0.246 Aa 6.40310.295 ABa 0.001
§ P400 5.710£0.072 Ab 6.093+0.193 Aa 6.123+0.1158a 0.001
g P800 5.75610.087 Ab 6.09620.206 Aab 6.44610.382 ABa 0.005
P-value 0.491 0.769 0.136 -

Means within rows without common superscripts (a-c) are significantly different according to ANOVA (P<0.05), indicating differences
between groups at the same time point. Similarly, means within columns without common superscripts (A-B) are significantly different
(P<0.05), representing differences between time points within the same group. Groups sharing the same superscripts do not show

statistically significant differences.

Table 5. Estimated average + SD of color values of chicken thigh and breast meat expressed as L*a*b* according to the

groups
L*a*b* values L a b
Control 53.885+1.8934a 23.053+2.4304a 8.273+2.158 ABa
P100 53.583+3.8664a 20.269+4.1554a 7.294+2.116 ABa
§ P200 52.565+0.8264a 21.867+1.4284a 6.558+1.065 Ba
'éo P400 53.697+2.993 Aa 21.415+2.739 4 7.887+2.012 ABa
E P800 52.580+3.069 Aa 23.997+2.8284a 9.206+1.839 Aa
P-value 0.873 0.244 0.217
Control 59.390+2.802 Aa 4.2554+1.908 Aa 4.310£1.527 42
- P100 59.530+4.537 Aa 4.71540.907 Aa 3.697+1.378 ABa
g P200 59.285+3.0384a 3.964+0.843 4a 2.279+1.4828Ba
J:c@ P400 56.818+2.1324a 5.439+1.703 4a 3.123+1.483 ABa
é P800 56.249+1.808 4= 4.570%0.774 A2 4.020£1.073 ABa
P-value 0.243 0.393 0.137

Means within rows without common superscripts (a-c) are significantly different according to ANOVA (P<0.05), indicating differences
between groups at the same time point. Similarly, means within columns without common superscripts (A-B) are significantly different
(P<0.05), representing differences between time points within the same group. Groups sharing the same superscripts do not show

statistically significant differences. lightness [L*], redness [a*], and yellowness [b*]
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Table 6. Estimated average * SD of drip loss (%) values according to the groups on thigh and breast meat

Drip loss (%) 1.day 4.day 7.day P-value
Control 3.692+1.453Ac 7.161+1.779 4b 11.272+3.010 42 0.001
» P100 2.216+1.409 4¢ 5.831+3.0114b 9.306+2.998 ABa 0.001
g P200 2.128£1.496 4b 5.254+3.349 Aab 8.083+3.486 ABa 0.011
ED P400 2.37940.760 Ac 5.339£1.3534b 9.023+3.248 ABa 0.001
ﬁ P800 2.471+1.5684b 4.222+41.656 Aab 5.992+1.543Ba 0.015
P-value 0.286 0.381 0.088 -
Control 3.102+1.3084b 9.474+5.849 Aa 10.931+4.505 42 0.016
- P100 2.145+1.086 Ac 5.305£1.4158b 8.464+1.996 ABa 0.001
g P200 2.890+1.9364b 6.828+3.551 ABa 7.875+0.866 ABa 0.006
J:"’s P400 2.077£0.595 Ac 4.955+0.943 Bb 7.418+1.5208a 0.001
% P800 2.142+0.928 Ac 4.285+1.083 Bb 6.548+1.918Ba 0.001
P-value 0.483 0.073 0.066 -

Means within rows without common superscripts (a-c) are significantly different according to ANOVA (P<0.05), indicating differences
between groups at the same time point. Similarly, means within columns without common superscripts (A-B) are significantly different
(P<0.05), representing differences between time points within the same group. Groups sharing the same superscripts do not show

statistically significant differences.

3.5. Cooking loss

Table 7 shows the cooking loss results. While propolis
supplementation reduced cooking loss, the effect was
statistically significant only on day 7 for breast meat,
where the 800 ppm group had the lowest loss (19.30%)

compared to the control (P=0.049). No significant
differences were found on days 1 and 4 (P>0.05), though
numerical reductions were noted, suggesting a potential
long-term benefit of propolis in improving water
retention.

Table 7. Estimated average + SD of cooking loss (%) values according to the groups on thigh and breast meat

Cooking loss (%) 1.day 4.day 7.day P-value
Control 26.330+6.11042 22.921+5.2424a 24.988+3.2714a 0.511
- P100 25.951+4.2624a 25.091+3.7134a 23.997+6.7444a 0.880
g P200 27.336+1.5314a 22.55145.1504ab 21.295+4.4714b 0.048
'ED P400 26.991+3.8844a 24.465%3.8814a 23.055£2.6794a 0.181
-’E P800 27.52614.5184a 26.45314.0144a 23.371£1.0934a 0.194
P-value 0.878 0.671 0.573 -
Control 22.925+1.94642 22.778+1.6854a 22.845+1.1084a 0.988
- P100 23.47741.8204a 22.373£1.9094a 21.864+2.130482 0.312
g P200 21.253+2.04542 22.298+1.0794a 20.058+2.578Ba 0.186
‘:z@ P400 21.353+1.16642 22.340+£2.5914a 20.930£2.01048a 0.477
E P800 21.888+1.7084a 20.286+5.3824a 19.306+1.929 Ba 0.509
P-value 0.129 0.623 0.049 -

Means within rows without common superscripts (a-c) are significantly different according to ANOVA (P<0.05), indicating differences
between groups at the same time point. Similarly, means within columns without common superscripts (A-B) are significantly different
(P<0.05), representing differences between time points within the same group. Groups sharing the same superscripts do not show

statistically significant differences.
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4. Discussion

The use of propolis in broiler chickens, particularly at
higher doses (P400 and P800), has been shown to
improve meat quality and enhance water-holding
capacity. These effects could contribute to the
enhancement of the quality of processed meat products at
an industrial level. However, considering the potential
higher cost of propolis compared to traditional feed
additives, its economic sustainability requires careful
evaluation. The efficacy of higher doses may increase
production costs, yet the long-term health benefits and
potential reduction in antibiotic use could enhance the
economic value. The widespread availability of propolis is
also closely tied to the supply chain and beekeeping
production, making it essential to assess the conditions
under which propolis can be reliably sourced.

The results of this study highlight the significant effects of
propolis supplementation on broiler meat quality.
Propolis, rich in phenolic compounds and flavonoids,
reduces oxidative stress and inhibits lipid oxidation,
contributing to meat freshness and shelf life. Oxidative
stability influences key quality parameters such as color,
water-holding capacity, and flavor (Huang and Ahn,
2019). Propolis supplementation, particularly at higher
doses, improved meat color and water-holding capacity,
with notable effects in the P800 group.

No statistically significant differences were observed in
live weight, carcass weight, or yield among the treatment
groups. The P400 group had the highest live and carcass
weight, but differences were not significant. Previous
studies suggest dietary supplements, including propolis,
can influence poultry growth (Prakatur et al, 2020).
However, Hascik et al. (2015) reported that lower doses
improve growth performance, while higher doses may
have variable effects. The non-significant reduction in live
and carcass weights in the P200 group may be dose-
dependent. The P400 group yielded the best results in
carcass weight, suggesting that this dose positively
influences the overall growth and development of broiler
chickens, leading to improved carcass yield. The ability of
this dose of propolis to support muscle development and
enhance body composition may explain the observed
increase in carcass weight. On the other hand, the P800
group demonstrated a more significant improvement in
water-holding capacity, indicating that the biochemical
effects of higher doses of propolis on water retention in
meat are more pronounced. It can be hypothesized that
higher doses of propolis may enhance the meat’s water-
holding capacity, leading to reduced dehydration and
extended shelf life. However, the impact of P800 on
carcass weight may be more limited, as the increased
water retention could potentially influence other
structural parameters of the meat, which may lead to
differing outcomes in carcass weight. While propolis did
not significantly affect body weight or carcass yield, its
benefits for meat quality remain evident. Mahmoud et al.
(2013) found that high propolis doses reduced body
weight gain (P<0.05). This suggests higher doses might

limit growth. Our results indicate that 400 ppm propolis
may enhance carcass yield, but further research is needed
to determine the optimal dosage.

The pH values of broiler meat were within expected
ranges and increased during storage, consistent with
postmortem glycolysis. Values were slightly lower than
those reported by Barbut et al. (2005) and Swatland
(2008), possibly due to differences in breed and diet. The
postmortem pH increase was more prominent in thigh
meat, especially in the P800 group on day 7, suggesting a
potential metabolic influence of propolis. Similar findings
were reported by Sulcerova et al. (2011).

Meat color, assessed via L* (lightness), a* (redness), and
b* (yellowness) values, was not significantly affected by
propolis supplementation. However, the P800 group had
the highest a* and b* values, indicating a possible trend
toward increased redness and yellowness, potentially due
to the antioxidant properties of propolis. This aligns with
findings by Lee et al. (2022), suggesting natural
antioxidants help retain meat color by reducing oxidative
changes.

Propolis supplementation significantly improved water-
holding capacity, particularly in the P800 group, which
exhibited a 47% and 40% reduction in drip loss for thigh
and breast meat, respectively, on day 7. Increased pH
levels in this group further support its role in enhancing
water retention (Tirkyilmaz et al,, 2021). The P200 group
also showed a significant reduction in drip loss (P=0.011).
These findings align with research highlighting the
benefits of natural supplements on meat quality (Lee etal.,
2022; Prakatur et al.,, 2020).

Cooking loss showed no significant differences among
groups (P=0.573 for breast and P=0.511 for thigh), but a
trend toward lower values in the P200 group was
observed. The P200 group exhibited a decrease in cooking
loss from 27.34% on day 1 to 21.30% on day 7 (P=0.048),
indicating a possible improvement in meat texture. This is
consistent with Tan et al. (2022), who reported similar
cooking loss values for poultry meat.

Propolis supplementation, particularly at 800 ppm,
significantly enhanced broiler meat quality by improving
water retention and reducing drip loss, resulting in juicier
and more tender meat. While the impact on color
parameters was minimal, higher doses exhibited a trend
toward increased pH levels and enhanced antioxidant
effects, which may contribute to an extended shelf life.
These findings highlight propolis as a promising natural
supplement for improving poultry meat quality, with
potential applications in processed products.

Consistent with the current results, the use of propolis at
different doses in broiler diets has shown potential to
improve meat quality, enhance water-holding capacity,
and optimize carcass yield. Notably, the higher doses
(P400 and P800) were particularly effective in increasing
water-holding capacity,
observed on carcass weight. However, the absence of
sensory testing is a significant limitation of this study.
Organoleptic attributes such as flavor, texture, and

and positive effects were
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tenderness are crucial in determining consumer

acceptability, especially for industrial applications.
Therefore, future studies should incorporate sensory
analysis to provide a more comprehensive evaluation of
propolis’s impact on meat quality.

Economically, while propolis may help reduce health-
related costs as a natural alternative to antibiotics, its
commercial use faces certain limitations. The seasonal and
geographical constraints of propolis production, along
with the high costs of standardization and quality control,
can impact its economic feasibility. Particularly in regions
where beekeeping is not widespread, propolis might need
to be imported, increasing production costs.

Moreover, the chemical composition of propolis varies
according to its botanical and geographical origin, as well
as the season of harvest and extraction methods (Kasote
etal,, 2022). This variability may influence its consistency
and efficacy as a feed additive. Thus, the development of
standardized guidelines for propolis characterization and
its use in poultry nutrition is essential.

From a food safety perspective, while propolis is generally
considered safe, the potential accumulation of bioactive
compounds in edible tissues over long-term use warrants
attention (Tumbarski et al,, 2022). Currently, there are no
established maximum residue limits (MRLs) for propolis-
derived substances in meat or egg products. This
highlights
regulatory studies to ensure its safe use in food animal
production systems.

In this context, it is important to consider the balance
between the beneficial effects of propolis and its economic
and regulatory feasibility. Although its antioxidant and
immune-supportive effects make it a strong candidate as

the need for further toxicological and

a natural additive, its variable composition, cost of
standardization, and lack of residue regulations present
challenges to routine use (Wojtacka, 2022). Therefore,
broader studies investigating not only the physiological
responses in poultry but also the
compositional, and safety-related aspects of propolis are

economic,

essential for its integration into industrial-scale poultry
nutrition.

5. Conclusion

In summary, propolis shows great promise as a natural
feed additive to improve broiler meat quality, particularly
in terms of water-holding capacity and carcass yield.
However, to fully establish its industrial applicability,
future studies should focus on determining the optimal
dosage by evaluating intermediate concentrations,
conducting sensory analyses to assess organoleptic
qualities, performing toxicological assessments and
residue analyses to address food safety concerns, and
developing cost-effective extraction and standardization
methods for broader commercial use. Such research will
be essential to clarify the role of propolis in poultry
nutrition and its potential as a safe, sustainable, and

effective alternative in modern poultry production.
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