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Introduction protect against cardiovascular disease and metabolic
In parallel with people’s socio-cultural and economic illnesses such as diabetes and obesity, rabbit meat is

development, the importance of healthy nutrition, in recognized as a valuable functional food. Several
addition to an adequate and balanced diet, is increasing ~ eXxperiments have been performed recently to improve the
day by day. The emergence of functional foods stems from ~ nutritional composition of meat by adding useful
the desire to prevent disease and enhance the quality of ~ ingredients (10, 41, 44, 47). The meat of rabbits is
life. Functional foods, besides meeting the basic needs of ~ Particularly rich in polyunsaturated fatty acids (PUFA),
the body, provide additional benefits to human physiology =~ 0mega-3 fatty acids, and essential amino acids, all of

and metabolic functionS, enable protection from diseaSE, which are essential to human health. Saturated fatty acids
and achieve a healthier life (3, 35, 52). (SFA) and cholesterol are significantly lower in rabbit

Every year, the world population increases rapidly ~ meat when compared to beef and lamb meat. A 100-gram

and slaughters almost 70 billion animals to meet the  serving of rabbit meat fulfills the daily requirement for
growing demand for meat. New alternatives need to be vitamin B and offers substantial quantities of vitamins
developed to supply the need. Owing to its ability to Bz, Bs, Bs, and Be. Due to its high protein and low fat
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content, rabbit meat is considered a lean meat and serves
as a healthier alternative to other red meats in carcass
composition (19, 20, 25, 50, 63). Propolis has anti-
inflammatory, immunomodulatory, hepatoprotective,
antioxidant, antimicrobial, antiviral, hypotensive,
cardioprotective,  antitumoral,  bacteriostatic, and
bacteriocidal effects, as well as other important
pharmacological properties (9). It has been used in many
areas, including cancer treatments, in recent years. In the
structure of propolis, there are B-amylase, fatty acids,
phenolic compounds, flavonoids, their terpenes and esters.
Propolis contains about 55% resin and polyphenolic
fraction, 30% aromatic essential oils, 7% beeswax, 5% bee
pollen, and 3% other minor components such as vitamins
and some micro- and macro-minerals (49).

There are many studies in which propolis
supplemented to the rations at different doses has positive
effects on growth performance, carcass yield, meat
quality, and composition of fatty acids in different species.
Propolis has favorable effects on feed intake, growth
performance, final body weight, and carcass ratio. It
improves productive performance, health status, and
intestinal health. Propolis is an excellent natural antibiotic
and also an immune system booster (5, 7, 34, 46). Propolis
facilitates the absorption of nutrients by regulating
enzyme secretion, thereby increasing the digestibility of
the feed (48). It is also defined that propolis supplemented
to the ration increases feed consumption by increasing
palatability (54, 56).

The study aimed to determine the effects of dietary
supplementation with varying doses of propolis extract in
New Zealand White rabbits on fattening performance,
carcass traits, meat quality, and fatty acid profile.

http://vetjournal.ankara.edu.tr/en/

Materials and Methods

Experimental Design and Animals: A total of 72 weaned,
mixed-sex New Zealand White rabbits at the age of 1
month were used in the study. The rabbits were bred under
the same conditions at the Department of Experimental
Animal Breeding at Balikesir University. The study
consisted of three groups: one control (C) and two
experimental groups (P1 and P2). There were 12 male and
12 female rabbits for each group. Rabbits were housed in
individual cages (Techniplast). The dimensions of the
cageswere 71.3 x 71.6 x 47.6 cm (width x depth x height).
Each rabbit had an individual feeder and drinker. There
was plastic bedding material in the cages. The optimum
temperature in the cages was 19+2°C and the humidity
was around 50%. A lighting schedule of 12 hours light and
12 hours dark was applied. At the beginning of the study,
each rabbit was randomly assigned to one of the
experimental groups using simple random sampling.
Rabbits were weighed at the start of the experiment to
ensure that initial body weights were balanced across
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groups. Sex was taken into consideration while creating
the study groups. The fattening period was determined to
be 8 weeks. Rabbits in the control group were fed a ration
appropriate for their energy and protein requirements
(Table 1). Propolis ethanolic extract was added to the
control diet at 1000 mg/kg for rabbits in experimental
group P; and 5000 mg/kg for rabbits in experimental
group P>.

Table 1. Ingrediants and chemical composition of diets.

Dietary Treatment

C P1 P2
Ingrediants (%6)
Barley 20.75 20.75 20.75
Corn 18.00 18.00 18.00
Wheat Bran 14.00 14.00 14.00
Soybean meal 18.50 18.50 18.50
Yeast 0.20 0.20 0.20
Alfalfa flour 25.00 25.00 25.00
Methionine 0.15 0.15 0.15
Phytase 0.10 0.10 0.10
L-lysine 0.20 0.20 0.20
By-pass fat 1.50 1.50 1.50
Vitamin and mineral mixture!  1.60 1.60 1.60

Chemical composition (%)

Dry matter 94.20 94.35 94.60
Crude protein 19.35 18.06 18.96
NDF 31.45 31.45 31.45
ADF 14.55 14.81 13.98
ADL 1.02 1.16 2.52
Ether extract 4.45 4.98 4.27
Starch 19.50 20.38 19.30
Ash 9.68 9.16 9.52

Digestible energy (kcal/kg) 2850 2875 2810

NDF: Neutral Detergent Fiber; ADF: Acid Detergent Fiber; ADL: Acid
Detergent Lignin C: Standard diet; P;: Standard diet +1000 mg/kg
ethanolic extract of propolis;

P,. Standard diet +5000 mg/kg ethanolic extract of propolis

Supplied per kg diet: 13,000 IU vitamin A; 1200 IU vitamin Ds; 75 mg
vitamin E; 2 mg vitamin B;; 6 mg vitamin B,; 3 mg vitamin Bs; 0.02 mg
vitamin By; 0.3 mg Co; 8 mg Cu; 27 mg Fe; 19 mg Mn; 44 mg Zn; 0.07
mg Se.

Preparing the Ethanolic Extract of Propolis: Propolis
extraction was prepared following the method described
by Blonska et al. (14) and Tatli Seven et al. (56). A
homogeneous mixture was obtained by mixing 1 unit of
raw propolis with 9 units of 70% alcohol and kept in a dark
room for 1 week. This mixture was then filtered with filter
paper, evaporated at 45°C, and used in the study. The
propolis extract was added to the total diet and thoroughly
mixed carefully until a homogeneous mixture was
obtained using a feed mixer.
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Evaluation of Fattening Performance: The rabbits were
weighed at the beginning of the trial, following weaning
and initial weights were recorded. Rabbits were weighed
weekly throughout the experiment, and daily weight gain
(DWG) was calculated based on these measurements. The
daily feed intake (DFI) was determined. The feed
conversion ratio (FCR) was calculated by dividing DFI by
the DWG. Data on fattening performance were compiled
for the entire fattening duration. The fattening period was
8 weeks. At the end of fattening, the rabbits were weighed
and subsequently slaughtered.

Determination of Slaughter and Carcass Characteristics:
Carcasses of rabbits were obtained according to the
reference dissection method of Blasco and Quhayoun
(12). Hot carcass was weighed. Chilled carcass weight
was determined after the 24-hour rest period at 4°C. The
chilled carcass weight was divided by the slaughter weight
to find the dressing percentage. The weights of the spleen,
kidneys, liver, thymus, trachea, esophagus, heart, and
lungs were measured, and their proportions relative to the
slaughter weight were calculated. The reference carcass
weight (RCW) was determined by removing the weights
of the internal organs, dissectable fat (kidney, inguinal,
and scapular fat), and the head from the chilled carcass
weight.

The carcasses were sectioned between the 7t and 8™
thoracic vertebrae and the 6 and 7" lumbar vertebrae,
dividing them into three parts: fore, middle, and hind. The
percentages of these parts were found by dividing the
weights of each part by the RCW. The percentages of
dissectable fat on the carcass, hind legs percentage, and
forelegs percentage were estimated by dividing the
weights of these parts by the RCW in the same manner.

The longissimus thoracis et lumborum (LTL) muscle
was removed from both sides of the carcass, and fresh
samples were immediately used for expressed juice,
cooking loss, and drip loss analyses. All analyses, except
fatty acid composition (FAC) analysis, were conducted on
the day of the slaughter. For FAC determination, samples
were packed in plastic bags and chilled at 18°C until
analysis (26).

Evaluation of Meat Quality Parameters: pH was assessed
utilizing a portable glass electrode pH meter (Mettler
Toledo-Seven2Go pH meter) for both LTL and biceps
femoris (BF) muscles. Calibration of the pH meter was
executed with a series of calibration standards,
encompassing pH 4.01/7.00/9.21. All pH measurements
were conducted in triplicate, each at distinct sites on the
sample. pH assessments were performed at three time
points: immediately after slaughter, and then at 45 minutes
and 24 hours post-slaughter. Lightness (L*), redness (a*),
and yellowness (b*) parameters were determined with a

colorimeter (Konica Minolta, CR 400). The color of LTL
and BF muscles was determined at 2 times: immediately
after slaughter and 24 hours later.

For determining the expressed juice (EJ), meat
samples (5 g each) were divided into five equal pieces.
These pieces were placed between filter papers, the weight
of which had been previously determined. A weight of
2250 g was applied to these samples for 5 minutes.
Following this time frame, the filter papers were weighed
once again after the meat samples were taken out. The
amount of EJ was calculated as a percentage. This was
done by subtracting the initial weight of the filter paper
from its final weight and then dividing this difference by
the initial weight of the samples. This method of
determining the EJ was explained by Beriain et al. (9) and
is based on the method proposed by Grau and Hamm (29).

For assessing the cooking loss (CL), samples of meat
from each animal were initially weighed approximately 50
g each and subsequently cooked for 45 min at 80°C until
the internal temperature of the meat reached 70°C,
monitored using a portable meat thermometer. Internal
heat measurement was done every 5 minutes to detect the
desired temperature. Meat samples were cooked in a bain-
marie. Following the cooking process, samples were
reweighed, and the CL was calculated as the ratio of the
difference between the weights before and after cooking
to the initial weight (32).

For assessing the drip loss (DL), meat samples were
weighed to determine the initial weight. Subsequently, the
samples were put into plastic bags and stored at 4°C for 24
and 48 hours. Meat samples were weighed again at 24 h
and 48 h to quantify DL at the respective time points. DL
was calculated as the ratio of the difference between the
weights before and after resting weights to the initial
weight (30).

For the determination of fatty acid composition, meat
samples were extracted following the method proposed by
Blight and Dyer (13). These samples were then placed in
gas chromatography-mass spectrometry (GC-MS) vials,
exposing the fatty acid methyl esters. The analysis was
performed using an HP Agilent 6890/5972 GC-MS
device. An HP-88 capillary column was used, which had
a length of 100 m, an internal diameter of 0.25 mm, and a
film thickness of 0.20 um. The internal standards for the
fatty acids were the FAME Mix C4-C24 (Supelco, 18919-
1AMP). The injector temperature was set at 250°C, while
the detector temperature was set at 270°C. The injection
split ratio was 1:50, and the total injection volume was 1 pl.

Statistical Analysis: According to the results of the power
analysis performed to calculate the sample size in the
study, at a minimum significance level of 5%, when the
power of the test was 95%, the effect size was 0.9, and the
sample size required to find a statistically significant
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difference between the groups using ANOVA in
independent samples was calculated as a total of at least
24 rabbits. For this reason, 24 animals were used for each
group. SPSS 25 was used to analyse the data. ANOVA
was used to assess the impact of various doses of dietary
propolis extract supplementation on fattening, slaughter,
and meat quality characteristics. The Tukey test was
used to compare significant differences among groups.
Treatment differences were considered significant at
P<0.05.

http://vetjournal.ankara.edu.tr/en/

Resuits

Growth and fattening performance data obtained at
different doses of dietary propolis supplementation were
shown in Table 2. There were no significant differences
between the groups in terms of final live weight (FLW)
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and DWG (P>0.05). DFI was at the highest level for the
P, group (P<0.001). The feed conversion ratio of P, group
was higher than that of the C group (P<0.01).

Slaughter and carcass characteristics determined at
different doses of dietary propolis supplementation groups
were presented in Table 3. There was no significant
difference in carcass weight among the groups (hot,
chilled, and reference). While the dressing percentage was
highest in the control group (P<0.05), no significant
difference was observed between the P; and P, groups
(P>0.05). In terms of spleen and kidney percentage, higher
values were observed in the experimental groups
compared to the C group (P<0.05; P<0.001). When
carcass parts and dissectable fat percentages were
evaluated, no significant difference was found between
groups (P>0.05).

Table 2. Effects of dietary supplementation of propolis extract on growth and fattening performance of New Zealand White rabbits

Traits C (n=24)

Dietary Treatments

P1(n=24) P2 (n=24) P

Initial live weight (301 day) (g) 937.15427.21
Final live weight (86" day) (g) 2599.67+41.89

938.96+£11.92 -
2605.62+68.88 -

929.86+25.95
2588.96+65.26

Daily weight gain (g/day) 29.36+0.77
Daily feed intake (g/day) 99.70°+1.79
Feed conversion ratio (FCR) 3.435+0.08

29.59+1.09 31.74£1.08 -
104.43+3 31 124.93%4.74 ol
3.62%+0.15 3.982+0.13 *x

X+SEM, C: Standard diet; P;: Standard diet+1000 mg/kg ethanolic extract of propolis. P,. Standard diet+5000 mg/kg ethanolic extract of propolis.
-1 P>0.05; **: P<0.01; ***: P<0.001. Values with various superscripts in the same row differ significantly (P<0.05)

Table 3. Effects of dietary supplementation of propolis extract on slaughter and carcass characteristics of New Zealand White rabbits

Traits

C (n=24)

Dietary Treatments
P1(n=24)

P2 (n=24) P

Hot carcass (HC), g
Chilled carcass (CC), ¢
Reference carcass (RC), g

1677.85+25.87
1604.13+24.78
1287.90+18.61

Dressing percentage (DP), % 61.76%£0.53
% SW

Head 7.12+0.84
Kidney 0.57°+0.01
Liver 2.46+0.08
Spleen 0.04+0.00
LH 0.93+0.02
% RCW

Dissectible fat 5.76+0.40
Hind leg 30.59+0.19
Fore leg 13.60+0.23
Fore part 28.79+0.29
Mid part 34.71+£0.26
Hind part 36.50+0.20

1615.46+41.78
1545.02442.53
1213.52431.68

1609.79+46.33 -
1565.654+45.43 -
1246.56+37.91 -

60.28°+0.49 60.07°+0.40 *
5.36+0.10 5.67+£0.39 -
0.71%+0.03 0.77%+0.03 flekel
2.54+0.07 2.54+0.08 -
0.06%+0.00 0.06%+0.00 *
0.92+0.02 0.95+0.02 -
6.36+0.52 5.17+0.25 -
30.78+0.18 30.63+0.19 -
13.11+0.20 13.36+0.15 -
28.16+0.23 28.79+0.23 -
34.49+0.34 33.78+0.31 -
37.08+0.20 37.16+0.31 -

(X£SEM), C: Standard diet; P;: Standard diet+1000 mg/kg ethanolic extract of propolis; P,. Standard diet +5000 mg/kg ethanolic extract of propolis.
SW: Slaughter weight; RCW: Reference carcass weight. -: P>0.05; *: P<0.05; ***: P<0.001 a, b: Values with various superscripts in the same row

differ significantly (P<0.05).
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The data obtained with respect to the meat quality
characteristics were shown in Table 4. The initial pH (pHo)
values measured in LTL and BF muscles were higher in
the P, group than in the P1 and C groups (P<0.001). There
were no significant differences between groups for pH
values at 24 h. In the study, the L* value measured in the
LTL 24 h after slaughter was higher in the P, group than
in the C group (P<0.05). The L* value measured in the BF
muscle at 24 h after slaughter was found to be highest in
the P, group (P<0.01). The b* value measured in the BF
muscle at 24 hours after slaughter was found to be highest
in the C group (P<0.05). The P> group had the highest EJ
and CL values (P<0.05). There was no significant
difference between the C and the P1 groups. No significant

differences were found in DLbetween the research groups
(P>0.05).

Fatty acid compositions determined at different
doses of dietary propolis supplementation groups wee
presented in Table 5. It was found that C16.0 had the
highest amount, followed by C18:1, C18:2 w6, and C16:1
fatty acids. The P, group had the lowest values for C10:0
and C12:0 (P<0.001) and also had the highest value for
C17:1 (P<0.01). For C17:0, the C group had lower values
than the Py group (P<0.05). For C15:0, the P1 group had
higher levels than the P, group (P<0.01). For C16:0, C and
P, groups showed higher levels than the P; group
(P<0.05). The calculated fatty acid rates of the study
groups were shown in Table 6. There wasn’t any
significant difference between groups (P>0.05).

Table 4. Effects of dietary supplementation of propolis extract on meat quality parameters of New Zealand White rabbits

Dietary Treatments

Traits C (n=24) P1(n=24) P2 (n=24) P
Longissimus thoracis et lumborum muscle

pH 0. hour 6.51°+0.04 6.56°+0.03 6.68%+£0.02 el
pH 45 minute 6.23+0.04 6.28+0.02 6.34+0.03 -
pH 24. hour 5.81+0.02 5.81+0.02 5.75+0.02 -
L* 0. hour 42.40+1.37 40.26+0.75 40.80+0.69 -
a* 0. hour 2.86+0.23 2.60+0.20 2.61£0.18 -
b* 0. hour 2.04+0.20 2.16+0.16 2.24+0.13 -
L* 24. hour 48.78°+0.78 49.14%0+0.69 51.20%+0.70 *
a* 24. hour 3.90+0.26 3.85+0.25 4.38+0.22 -
b* 24. hour 4.12+0.26 3.57+0.20 4.04+0.17 -
Biceps Femoris Muscle

pH 0. hour 6.47°+0.04 6.520+0.03 6.66%£0.02 il
pH 45 minute 6.24+0.05 6.25+0.02 6.30+0.03 -
pH 24. hour 5.87+0.02 5.89+0.01 5.86+0.01 -
L* 0. hour 48.25+0.85 48.43+0.84 49.11+0.85 -
a* 0. hour 2.94+0.22 3.31+0.24 3.31+0.17 -
b* 0. hour 1.92+0.51 2.90+0.11 3.58+0.19 -
L* 24. hour 52.21°+0.53 51.78+0.64 54.522+0.58 *x
a* 24. hour 3.78+0.24 3.28+0.25 3.2940.19 -
b* 24. hour 3.962+0.27 3.16%+0.16 3.21b+0.18 *
Expressed juice (%) 6.41°+0.40 8.66°+0.49 11.70%£0.70 el
Cooking loss (%) 31.55+0.39 31.28+0.41 33.47%0.75 *
Drip loss 48. hour (%) 1.67+0.27 1.38+0.07 1.16£0.10 -
Drip loss 72. hour (%) 2.79+0.42 2.52+0.16 2.14+0.21 -

(X£SEM), C: Standard diet; P;: Standard diet +1000 mg/kg ethanolic extract of propolis; P,. Standard diet +5000 mg/kg ethanolic extract of propolis.
-1 P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001. a, b, ¢: Values with various superscripts in the same row differ significantly (P<0.05)
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Table 5. Effects of dietary supplementation of propolis extract on fatty acid composition of New Zealand White rabbits

Dietary Treatments

Traits C (n=24) P1(n=24) P2 (n=24) P
SFA
C10.0 0.2962+0.023 0.264%+0.026 0.137°+0.025 el
C12.0 0.3032£0.023 0.2642+0.018 0.151°+0.019 Fx
C13.0 0.098+0,031 0.180+0.044 0.102+0.021 -
C14.0 3.588+0.168 3.697+0.162 4.067+0.122 -
C15.0 0.987%+0.064 1.173%0.082 0.870+0.051 wx
C16.0 34.518%0.417 32.822b+0.424 34.1512+0.461 *
C17.0 0.771°+0.054 0.860%+0.063 0.616%-+0.054 *
C18.0 6.335+0.304 5.960+0.274 5.880+0.246 -
C20.0 0.055+0.003 0.047+0.002 0.050+0.001 -
C21.0 0.072+0.018 0.057+0.023 0.085+0.022 -
C22.0 0.097+0.009 0.085+0.011 0.105+0.008 -
C23.0 0.019+0.004 0.020+0.002 0.013+0.001 -
C24.0 0.047+0.005 0.053+0.004 0.057+0.004 -
MUFA
Cl41 0.450+0.036 0.515+0.052 0.585+0.043 -
Ci15.1 0.589+0.062 0.675+0.101 0.817+0.070 -
C16.1 5.958+0.383 6.044+0.352 6.800+0.408 -
C17.1 0.357°+0.029 0.299° +0.036 0.549%+0.063 il
C18.1 24.133+0.387 24.016+0.371 23.373+0.367 -
C20.1 0.077+0.051 0.012+0.002 0.038+0.028 -
C22.1 9 0.020+0.009 0.028+0.013 0.011+0.004 -
C24.1 0.096+0.008 0.098+0.009 0.105+0.009 -
PUFA
C18.2 w6 17.836+0.491 19.361+0.630 18.137+0.490 -
C18.3 03 1.090+0.098 1.202+0.055 1.074+0.046 -
C18.3 w6 0.143%0.047 0.085+0.003 0.086+0.004 -
C20.2 0.107+0.009 0.116+0.008 0.107+0.007 -
C20.3 03 0.017+0.001 0.020+0.001 0.018+0.002 -
C20.3 06 0.153+0.016 0.160+0.017 0.162+0.014 -
C20.4 06 1.512+0.136 1.638+0.151 1.615+0.152 -
C20.5 3 0.222+0.019 0.224+0.018 0.211+0.018 -
C22.2 0.008+0.002 0.004+0.000 0.006+0.001 -
C22.6 ®3 0.047+0.030 0.021+0.002 0.022+0.002 -

(X£SEM) C: Standard diet; P;: Standard diet+1000 mg/kg ethanolic extract of propolis; P,: Standard diet+5000 mg/kg ethanolic extract of propolis.
SFA: Saturated Fatty Acids, MUFA: Monounsaturated Fatty Acids, PUFA: Polyunsaturated Fatty Acids

P<0.001. a, b: Values with various superscripts in the same row differ significantly (P<0.05).

-2 P>0.05; *: P<0.05; **: P<0.01; ***:
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Table 6. Effects of dietary supplementation of propolis extract on calculated fatty acid rates of New Zealand White rabbits

Dietary Treatments

Traits C (n=24) P1(n=24) P2 (n=24) P
Saturated Fatty Acids (XSFA) 47.184+0.489 45.482+0.485 46.285+0.508 -
Monounsaturated Fatty Acids (EMUFA) 31.680+0.679 31.688+0.613 32.27740.635 -

Polyunsaturated Fatty Acids (EPUFA)
Total Unsaturated Fatty Acids (TUFA)
ZDesired Fatty Acids (DFA)

20.981+0.564
52.662+0.493
58.996+0,380

Nutritive Value (NV) 0.886+0.014
SPUFA/SFA 0.446+0.013
SMUFA/SFA 0.675+0.019
TUFA/SFA 1.121+0.021
Y06/ Zo3 1.554+0.221
Atherogenic Index (Al) 1.420+0.030
Thrombogenic Index (TI) 8.749+0.364

22.695+0.624

21.309+0.644

54.382+0.480 53.586+0.508 -
60.342+0.405 59.466+0,419 -
0.917+0.018 0.861+0.016 -
0.501+0.017 0.464+0.016 -
0.699+0.017 0.701+0.017 -
1.200+0.023 1.165+0.022 -
1.308+0.119 1.400+0.097 -
1.372+0.023 1.437+0.030 -
8.944+0.207 8.487+0.239 -

(X£SEM) C: Standard diet; P,: Standard diet +1000 mg/kg ethanolic extract of propolis; P,. Standard diet +5000 mg/kg ethanolic extract of propolis
-2 P>0.05. Desired Fatty Acids (DFA): C18:0+XTUFA. Nutritive Value (NV): (C18:0 + C18:1) / C16:0.
Atherogenic Index (Al): (C12:0 + 4*C14:0 + C16:0) / (EMUFA + X3+ Xw6) Thrombogenic Index (TI): (C14:0+C16:0+C18:0) / (0.5*XMUFA) +

(0.5* Sw6) + (3*Tw3) + (S03/Zwb)

Discussion and Conclusion

In the study, an increase in feed intake was observed as the
amount of dietary supplemented propolis increased among
the groups, but this increase did not affect DWG and FLW.
Furthermore, propolis extract showed neither a positive
nor negative effect on carcass characteristics and fatty acid
composition. It is suggested that dietary propolis
supplementation could make the feed more palatable (41,
49). It has been reported that propolis increased the
digestibility and absorption of feed by regulating the
enzyme activities of saccharase, amylase, and phosphatase
(60). In contradiction to the findings of the research, Al-
Homidan et al. (5) and Piza et al. (45) revealed that low
and high levels of propolis in the diet did not alter feed
intake, DWG, and FCR. In CaliforniaxNew Zealand
crossbred rabbits supplemented with propolis, final body
weight and DWG were higher in the propolis-
supplemented group, and FCR was lower than in the
control group (53). Waly et al. (60) reported that
increasing propolis levels increased live weight and total
live weight gain. Total feed intake and FCR were
decreased compared to the control group in the study. The
lack of differences in FLW among the groups indicated
that animals began fattening at similar ages and weights,
suggesting a uniform adaptation to the fattening process
(4). As the amount of propolis increases in the diet, DFI
increases, but also FCR increases. This means that more
feed intake is required for 1 kg of live weight gain. On the
other hand, no significant difference was observed
between the groups in terms of DWG and FLW. One

possible explanation is that the additional benefit from the
propolis-supplemented diet may have been utilized for
other physiological processes, such as antioxidant activity,
immune system activation, and changes in intestinal
microflora, rather than contributing directly to weight
gain. A second reason could be that the digestible energy
rate of the feed changed with the supplementation of
propolis, and the FCR increased even though DFI
increased (36). The FCR increases numerically. These
factors may also explain the lower dressing percentage
observed in the propolis-supplemented groups. It was
observed that the propolis extract did not have a positive
or negative effect on the carcass characteristics in the
study. Contrary to the findings of this study, Attia et al.
(8), Sierra-Galicia et al. (53) and Waly et al. (60) found
that supplementing propolis and various additives to the
rabbits' rations resulted in higher dressing percentages
than the control group. In similar studies, Yalgin et al. (65)
and Onbagilar and Yalgin (43) reported average feed
intakes of approximately 3.63-3.92 kg and 3.38-3.49 kg
per kilogram of live weight gain, respectively, in New
Zealand White rabbits. Additionally, Onbagilar and
Onbagsilar (42) reported FCR ranging from 3.13 to 3.56 in
the same breed.

Propolis is known to be a potent immunomodulator
that enhances the immune system in animals (20, 49).
Once in the body, it activates the relevant cells in the
spleen by stimulating the production of lymphocytes.
Therefore, spleen enlargement may occur due to increased
lymphocyte activity as a result of long-term dietary
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supplementation with propolis (7, 23). Waly et al. (60)
reported that a higher amount of propolis increased the
spleen ratio in fattening rabbits. Sherif and El-Saadany
(51) observed a similar situation in broiler chickens. On
the contrary, Al-Homidan et al. (5) found no significant
difference in the spleen-to-thymus ratio in rabbits fed
different doses of propolis.

The kidney may play a significant role in the
metabolism of dietary propolis. Hashem et al. (30)
reported in their study that different feed additives,
including propolis, increased the lung and kidney rates
determined in the carcass because the catabolites of these
substances could have been eliminated in these organs. In
another study, red propolis was detected to be protective
material of the renal system; it minimizes oxidative stress
and saves the endothelium in a rat model of acute kidney
injury (17). The kidney percentage observed in the control
group of the present study was consistent with the average
value of 0.59 g/100 g slaughter weight reported by Yal¢in
et al. (64) for New Zealand White rabbits. Similarly,
Onbasilar and Yalgin (43) reported kidney percentages
ranging from 0.60-0.64 g/100 g slaughter weight. It was
also demonstrated that green propolis reduced mortality
and protected kidneys and lungs against the inflammatory
response in male Wistar rats (55). There was no significant
difference between groups in liver and LH organs. The
results were in agreement with Attia et al. (7) and Waly et
al. (60).

pH is a fundamental parameter of meat quality,
influencing the conversion of muscle to meat. The
decrease in pH to levels of 5.6-5.8 in 24 hours after
slaughter was crucial for the microbiological and
physicochemical content of the meat (11, 57). Consistent
with previous findings, pH measured at 60 minutes post-
slaughter was higher in the experimental groups but
balanced out by 24 hours (40). In young animals the
optimal final pH values were 6.10 for biceps femoris
muscle and 5.87 for longissimus lumborum muscle. In pH
analyses, the time to reach the final pH is between 12 and
24 hours. The short time to reach the final pH is an
important factor that negatively affects meat color; it
suffers from a watery, pale color, and soft lean condition
known as pale, soft, and exudative (PSE) meat. Inversely,
a much slower rate of pH decline to levels much higher
than the isoelectric point, in the range of 6.6-6.9, leads to
the converse condition in which meat is dry, dark in color,
and firm. This condition is known as dark, firm, and dry
(DFD) (24, 36). Contrary to the research findings, a review
study that included the effects of dietary antioxidants on
meat quality characteristics in rabbits reported that
additives added to the diet did not affect the physical and
chemical properties of the meat (1).

Meat color significantly influences consumer
preferences (16, 29). In this regard, it is very important
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that the propolis-supplemented rations increased the L*
value in meat in terms of consumer preference for meat.
The lack of significant changes in the a* value of both
muscle groups measured in the study could be explained
by the similar myoglobin and iron ratio in the relevant
muscles (21). In contrast to the results, it has been revealed
that different additives added to the diet did not change the
color values of the meat (10, 15).

For technological and economic reasons, it is
desirable to keep the water in the meat as much as possible
(22). The main factor influencing meat's EJ is the
immobilization of water from the myofibrillar system
tissues. In this regard, it can be stated that the
supplementation of propolis to the diet decreased the
membrane stability of the meat, resulting in increased
water loss (36). In the study, it was seen that the EJ of the
meat decreased as the amount of propolis in the ration
increased. While some of the studies on this topic were
similar to the results of the study (2, 37), some of them
reported that additives added to the ration did not affect EJ
(38, 41).

The amount of cooking loss can describe the
potential for loss of nutritional value of meat during the
cooking process. The low cooking loss value of broiler
meat can indicate good meat quality (22). When meat is
exposed to heat, connective tissue changes and protein
denaturation cause CL (33). Similarly, Kone et al. (38)
reported higher CL values in the groups supplemented
with plant extracts and essential oil products than in the
control group. North et al. (41) did not find an important
difference between the quercetin-supplemented experimental
groups and the control group. The results of this study in
terms of CL and drip loss were similar to the results of
Meineri et al. (40).

It is essential to determine the FAC because each
fatty acid found in meat has a different melting point,
which affects the taste and consumption of meat. FAC of
meat used in human nutrition is also very important in
relation to chronic and cardiovascular diseases (62, 63).
Rabbit meat has high levels of unsaturated fatty acids
(UFA). Although the high PUFA content improves the
nutritional value of the meat, it also accelerates oxidation
in the meat, causing rancidity and undesirable color
changes. This shortens the shelf life of the products,
decreases the nutritional value, and poses a risk to human
health. In this regard, antioxidant feed additives should be
added to the ration to prevent oxidation and ensure its
storage for a longer period (6, 28). In crossbred Red Angus
and Nellore bulls, C18:2 w6 fatty acids were determined
to be higher and C22:6 »3 fatty acids were determined to
be lower doses in the experimental groups supplemented
with propolis extract compared to the control group (59).
Itavo et al. (34) reported for Texel and Suffolk crossbred
lambs that C18:0 fatty acid was at lower doses and
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C18:109 and C18:2w6 were at higher doses in the propolis
extract-supplemented ration compared to the control
group.

SFA, PUFA, PUFA/SFA, and Zo6/Z®3 ratios are
essential for evaluating the nutritional value of meat fats.
Unlike the study findings, Da Silva et al. (18) reported
higher UFA levels and lower SFA levels for Texel lambs
with added propolis extract in the ration.

The ratio between PUFA and SFA, also the Zn6/Z®3
ratio, are considered two important indexes for nutritional
evaluation of fat (50, 63). In terms of a healthy diet, it is
very important to increase the PUFA ratio in the diet,
especially @3 PUFA. It has been recommended that the
ideal Zw6/Z®3 ratio should be greater than 0.40 and less
than 4.00 (50, 63). In the study, rabbit meat was in the
optimal range for the £w6/X®3 ratio. In the study, the ratio
of PUFA/SFA varied from 0.44 to 0.50%. Wotoszyn et al.
(61), Mapiye et al. (39), and Santos-Silva et al. (50)
revealed that the ratio of PUFA/SFA should be more than
0.45 in the diet. Fats presenting low PUFA/SFA are
considered unfavourable because they may induce an
increase in cholesterolemia (50, 63). The ratio of Al and
Tl in the diet should be lower to avoid cardiovascular
diseases (50, 63). Ulbrich and Southage (58) stated that
the Al should not overlap 0.5. In the research, the value of
Al was found to be higher than the recommended ranges.
The reason for this may be due to higher ratios of C12:0,
C14:0, and C16:0 fatty acids in rabbit meat samples. The
recommended ranges for Al fit all meat animals, including
lamb, beef, and chicken (63).

In conclusion, dietary propolis supplementation
increased daily feed intake but did not significantly affect
FLW, DWG, or carcass weights. Higher spleen
percentages in the carcass of the experimental groups
suggest a potential immunomodulatory benefit of
propolis. The observed increase in EJ may be due to
compromised cell membrane integrity caused by propolis.
Future studies should explore the digestion and nutrient
absorption effects of propolis, as well as multidisciplinary
investigations evaluating immune system parameters in
various animal species supplemented with different doses
of propolis.

Financial Support
The research was funded by the Balikesir University (BAP
- 2018/063).

Ethical Statement
The research was done under the consent of Animal

Experiments Local Ethics Committee of Balikesir
University (2018/2-5).

Conflicts of Interest
The authors declared that there is no conflict of interest.

Author Contributions

Experimental design was planned by BY and MHY.
Animal fattening period was carried out by MHY.
Slaughtering and meat quality analysis were performed by
BY and MHY. Data analysis was conducted by BY. All
authors discussed the findings and contributed to the
preparation of the final manuscript.

Data Availability Statement
The data supporting this study's findings are available
from the corresponding author upon reasonable request.

Animal Welfare

The authors confirm that they have adhered to
ARRIVE Guidelines to protect animals used for scientific
purposes.

References

1. Abdel-Khalek AM (2013): Supplemental antioxidants in
rabbit nutrition: A review. Livest Sci, 158, 95-105.

2. Abdel-Wareth AAA, Taha EMM, Siidekum KH, et al
(2018): Thyme oil inclusion levels in a rabbit ration:
Evaluation of productive performance, carcass criteria and
meat quality under hot environmental conditions. Anim
Nutr, 4, 410-416.

3. Agradi S, Sulce M, Menchetti L, et al (2023): Dietary
supplementation with n-3 polyunsaturated fatty acids:
Effects on reproductive and productive performance and
meat quality in rabbit breeding. Anim Nutr, 14, 70-78.

4. Akcapmar A, Ozbeyaz C (2021): Animal Husbandry
(Basic Knowledge). Medisan Publishing, Ankara.

5. Al-Homidan |, Fathi M, Abdelsalam M, et al (2022):
Effect of propolis supplementation and breed on growth
performance, immunity, blood parameters and cecal
microbiota in growing rabbits. Anim Biosci, 35, 1606-
1615.

6. Assan N (2017): Carcass traits and meat quality properties
as affected by nutritional programs and feeding patterns in
a rabbit enterprise. Sci J Anim Sci, 6, 459-470.

7. Attia YA, Bovera F, Abd-Elhamid A, et al (2019):
Evaluation of the carryover effect of antibiotic, bee pollen
and propolis on growth performance, carcass traits and
splenic and hepatic histology of growing rabbits. J Anim
Physiol Anim Nutr, 103, 947-958.

8. Attia YA, El-Hanoun AM, BoveraF, et al (2014): Growth
performance, carcass quality, biochemical and
haematological traits and immune response of growing
rabbits as affected by different growth promoters. J Anim
Physiol Anim Nutr, 98, 128-139.

9. Beriain MJ, Horcada A, Purroy A, et al (2000):
Characteristics of Lacha and Rasa Aragonesa lambs
slaughtered at three live weights. J Anim Sci, 78, 3070-
3077.

10. Bhatt RS, Sarkar S, Sharma SR, et al (2023): Use of
moringa oleifera leaves (sole or combined with
concentrate) in rabbit feeding: Effects on performance,
carcass characteristics and meat quality attributes. Meat
Sci, 198, 109108.

DOI: 10.33988/auvfd.1615164



l 284

11.

12.
13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

http://vetjournal.ankara.edu.tr/en/

Blasco A, Piles M (1990): Muscular pH of the rabbit. Ann
Zootech, 39, 133-136.

Blasco A, Quhayoun J (1993): Harmonization of criteria
and terminology in rabbit meat research. Revised proposal.
World Rabbit Sci, 4, 93-99.

Blight E, Dyer W (1959): A rapid method of total lipid
extraction and purification. Can J Biochem Physiol, 37,
911-917.

Blonska M, Bronikowska J, Pietsz G, et al (2004): Effects
of ethanol extract of propolis (EEP) and its flavones on
inducible gene expression in J774A.1 macrophages. J
Ethnopharmacol, 91, 25-30.

Celia C, Cullere M, Gerencsér Z, et al (2016): Effect of
pre- and post-weaning dietary supplementation with
Digestarom herbal formulation on rabbit carcass traits and
meat quality. Meat Sci, 118, 89-95.

Cullere M, Dalle Zotte A (2018): Rabbit meat production
and consumption : State of knowledge and future
perspectives. Meat Sci, 143, 137-146.

Da Costa MFB, Liborio AB, Teles F, et al (2015): Red
propolis ameliorates ischemic-reperfusion acute kidney
injury. Phytomedicine, 22, 787-795.

Da Silva JA, itavo CCBF, itavo LCV, et al (2019):
Dietary addition of crude form or ethanol extract of brown
propolis as nutritional additive on behaviour, productive
performance and carcass traits of lambs in feedlot. J Anim
Feed Sci, 28, 31-40.

Dalle Zotte A (2002): Perception of rabbit meat quality and
major factors influencing the rabbit carcass and meat
quality. Livest Prod Sci, 75, 11-32.

Dalle Zotte A, Szendré Z (2011): The role of rabbit meat
as functional food. Meat Sci, 88, 319-331.

Dalle Zotte A, Cullere M, Tasoniero G, et al (2018):
Supplementing growing rabbit diets with chestnut
hydrolyzable tannins: Effect on meat quality and oxidative
status, nutrient digestibilities, and content of tannin
metabolites. Meat Sci, 146, 101-108.

Demir MT, Unal N, Onbasilar EE (2025): The effects of
LED lights in different colors on fattening performance,
litter characteristics, meat properties, and some welfare
parameters in broilers. Ankara Univ Vet Fak Derg, 72, 77-
82.

Dias DMB, de Oliveira MC, da Silva DM, et al (2013):
Suplementagdo com polen apicola em dietas para coelhas e
coelhos em crescimento. Acta Sci - Anim Sci, 35, 425-430.
Dutra DR, Villegas-Cayllahua EA, Baptista GG, et al
(2024): Characterization of post-mortem Ph evolution and
rigor mortis process in Botucatu rabbit carcasses of
different categories. Animals, 14, 2502.

El-Sabrout K, Khalifah A, Ciani F (2023): Current
applications and trends in rabbit nutraceuticals.
Agriculture, 13, 1-18.

Forrester-Anderson 1T, McNitt J, Way R, et al (2006):
Fatty acid content of pasture-reared fryer rabbit meat. J
Food Compost Anal, 19, 715-719.

Gabr S, Younan G, Hamad M, et al (2016): Effect of some
natural antioxidants on growth performance, blood
parameters and carcass traits of growing rabbits under
Egyptian summer condition. J Anim Poultry Prod, 7, 457-
466.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Ankara Univ Vet Fak Derg, 72 e 4, 2025

Galeano-Diaz JP, Sanchez-Torres JE, Dominguez-Vara
IA, et al (2023): Effects on growth performance
parameters, carcass traits, meat nutrimental quality and
intramuscular fatty acid profile of rabbits fed with diets with
avocado waste (Persea americana Mill). Agriculture, 13,
549.

Grau R, Hamm R  (1957): Uber das
wasserbindungsvermogen  des  saugetiermuskels. 1I.
Mitteilung. Z Lebensm Unters Forsch, 105, 440-446.
Hashem NM, Abd El-Hady AM, Hassan OA (2017):
Inclusion of phytogenic feed additives comparable to
vitamin E in diet of growing rabbits: Effects on metabolism
and growth. Annals Agric Sci, 62, 161-167.

Hernandez P, Zotte AD (2010): Influence of Diet on
Rabbit Meat Quality. 163-178. In: C de Blas, J Wiseman
(Ed) Nutrition of the Rabbit. CAB International: Cambridge
USA.

Honikel KO (1998): Reference methods for the assessment
of physical characteristics of meat. Meat Sci, 49, 447-457.
Hughes JM, Oiseth SK, Purslow PP, et al (2014): A
structural approach to understanding the interactions
between colour, water-holding capacity and tenderness.
Meat Sci, 98, 520-532.

Itavo CCBF, Itavo LCV, Esteevs CAT, et al (2019):
Influence of solid residue from alcoholic extraction of
brown propolis on intake, digestibility, performance,
carcass and meat characteristics of lambs in feedlot. J Anim
Feed Sci, 28, 149-158.

Kaya M, Cetinkaya MA (2025): Radiographic cardiac
indices for healthy New Zealand White rabbits: A reference
interval study based on echocardiography. Ankara Univ
Vet Fak Derg, 72, 105-112.

Kerth CR (2013): The Science of Meat Quality. Wiley-
Blackwell, USA.

Kolodziej-Skalska A, Rybarczyk A, Matysiak B, et al
(2011): Effect of dietary plant extracts mixture on pork meat
quality. Acta Agriculturae Scand Section A, 61, 80-85.
Koné AP, Desjardins Y, Gosselin A, et al (2019): Plant
extracts and essential oil product as feed additives to
control rabbit meat microbial quality. Meat Sci, 150, 111-
121.

Mapiye C, Chimonyo M, Dzama K, et al (2011): Fatty
acid composition of beef from Nguni steers supplemented
with Acacia karroo leaf-meal. J Food Compost Anal, 24,
523-528.

Meineri G, Cornale P, Tassone S, et al (2009): Effects of
chia (Salvia hispanica L.) seed supplementation on rabbit
meat quality, oxidative stability and sensory traits. Ital J
Anim Sci, 9, 45-49.

North MK, Dalle Zotte A, Hoffman L (2019): The use of
dietary flavonoids in meat production: A review. Anim Feed
Sci Technol, 257, 114291.

Onbagsilar EE, Onbagsilar i (2007): Effect of cage density
and sex on growth, food utilization and some stress
parameters of young rabbits. Scand J Lab Anim Sci, 34, 1-
7.

Onbagilar I, Yalgn S (2008): The effects of dietary
supplementation of probiotic and anticoccidial additives on
performance and blood parameters in growing rabbits.
Revue Med Vet, 159, 570-574.

DOI: 10.33988/auvfd.1615164



B Yaranoglu and MH Yaranoglu http://vetjournal.ankara.edu.tr/en/ Wit} l

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Peker A, Orkan S, Aral Y, et al (2024): A Comprehensive
outlook on cultured meat and conventional meat
production. Ankara Univ Vet Fak Derg, 71, 511-522.

Piza PC, Moreira BL, Silva NCD, et al (2021): Effect of
crude propolis on the performance and feed digestibility of
new zealand white rabbits. Acta Sci Anim Sci, 43, 1-6.
Prakatur I, MiSkulin I, Senci¢ D, et al (2020) :The
influence of propolis and bee pollen on chicken meat
quality. Vet Arhiv, 90, 617-625.

Rossi R, Vizzarri F, Chiapparini S, et al (2020): Effects
of dietary levels of brown seaweeds and plant polyphenols
on growth and meat quality parameters in growing rabbit.
Meat Sci, 161, 107987.

Sadarman Irawan A, Hidayat C, Elfawati Sholikin MM,
et al (2021): Propolis supplementation on broiler chicken
performances, nutrient digestibility, and carcass
characteristics: A Meta-analysis. Trop Anim Sci J, 44, 425-
433.

Saeed M, Arain M, Kamboh A, et al (2017): Raw propolis
as a promising feed additive in poultry nutrition: Trends
and advances. J Anim Health Prod, 5, 132-142.
Santos-Silva J, Bessa RJB, Santos-Silva F (2002): Effect
of genotype, feeding system and slaughter weight on the
quality of light lambs Il. Fatty acid composition of meat.
Livest Prod Sci, 77, 187-194.

Shreif E, El-Saadany A (2016): The effect of
supplementing diet with propolis on Bandarah laying hens’
performance. Egypt Poult Sci, 36, 481-499.

Siddiqui SA, Gerini F, Ikram A, et al (2023): Rabbit
meat—production, consumption and consumers’ attitudes
and behavior. Sustainability, 15, 2008.

Sierra-Galicia MI, Rodriguez-de Lara R, Orzuna-
Orzuna JF, et al (2022): Supplying bee pollen and propolis
to growing rabbits: Effects on growth performance, blood
metabolites, and meat quality. Life, 12, 1-15.
Sierra-Galicia MI, Rodriguez-de Lara R, Orzuna-
Orzuna JF, et al (2023): Effects of supplementation with
bee pollen and propolis on growth performance and serum
metabolites of rabbits: A Meta-analysis. Animals, 13, 1-17.
Silveira MAD, Capcha JMC, Sanches TR, et al (2021):
Green propolis extract attenuates acute kidney injury and
lung injury in a rat model of sepsis. Sci Rep, 11, 1-11.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Tath Seven P, Seven I, Yilmaz M, et al (2008): The effects
of Turkish propolis on growth and carcass characteristics
in broilers under heat stress. Anim Feed Sci Technol, 146,
137-148.

Tejeda JF, Peiia RE, Andrés AI (2008): Effect of live
weight and sex on physico-chemical and sensorial
characteristics of Merino lamb meat. Meat Sci, 80, 1061-
1067.

Ulbricht T, Southage D (1991): Coronary heart disease:
Seven dietary factors. Lancet, 338, 985-992.

Valero MV, Zeoula LM, Peres De Moura LP, et al
(2015): Propolis extract in the diet of crossbred (1/2 Angus
vs. 1/2 Nellore) bulls finished in feedlot: Animal
performance, feed efficiency and carcass characteristics.
Semina: Cien Agrar, 36, 1067-1078.

Waly A, Abo El-Azayem E, Younan G, et al (2021):
Effect of propolis supplementation on growth performance,
nutrients digestibility, carcass characteristics and meat
quality of growing New Zealand rabbits. Egypt J Nutr
Feeds, 24, 65-73.

Woloszyn J, Haraf G, Okruszek A, et al (2020): Fatty
acid profiles and health lipid indices in the breast muscles
of local Polish goose varieties. Poult Sci, 99, 1216-1224.
Wood JD, Enser M (1997): Factors influencing fatty acids
in meat and the role of antioxidants in improving meat
quality. Br J Nutr, 78, 49-60.

Wood JD, Richardson RI, Nute GR, et al (2003): Effects
of fatty acids on meat quality: a review. Meat Sci, 66, 21-
32.

Yalcin S, Onbasilar EE, Onbagilar i (2006): Effect of sex
on carcass and meat characteristics of New Zealand White
rabbits aged 11 weeks. Asian-Aust J Anim Sci, 19, 1212-
1216.

Yalem S, Tuncer i, Yalem S, et al (2003): The use of
different levels of common vetch seed (Vicia sativa L.) in
diets for fattening rabbits. Livest Prod Sci, 84, 93-97.

Publisher's Note

All claims expressed in this article are solely those of the authors and
do not necessarily represent those of their affiliated organizations, or
those of the publisher, the editors and the reviewers. Any product that
may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

DOI: 10.33988/auvfd.1615164



	09_Büşra Yaranoğlu, Mustafa Hilmi Yaranoğlu_2025

