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Abstract: This study aimed to evaluate the effects of hop extract in the form of xanthohumol (XA) and humic 
substances (HS) supplementation in the rabbit diet on growth performance, carcass traits, blood biochemical 
parameters, and the qualitative and sensory properties of rabbit meat. Experimental material consisted of 60 Big 
Light Silver × Chinchilla Giant crossbred rabbits, randomly assigned to three dietary groups. Experimental groups, 
XA and HS, were fed pellets enriched with 1.0% XA or 1.0% HS, respectively, for 63 days during the fattening 
period. Control group (C), consisting of rabbits that received a basal diet without supplements. In the XA group, 
the higher final live weight and carcass weight were recorded at the end of the fattening period, along with increased 
protein content and collagen-free muscle protein (BEFFE) in the leg and loin muscles, compared to the control 
group. In contrast, the HS-supplemented group exhibited the lower final live weight and carcass weight, along 
with reduced fat content in the leg and loin muscles, as reflected in lower blood cholesterol levels. Additionally, 
elevated blood serum calcium and phosphorus levels were observed in the HS group. Higher values of colouri-
metric parameters L* and h* (lightness and hue angle) were recorded in the leg meat of the XA group compared 
to the control group. Moreover, the results demonstrated that supplementation with 1.0% XA was more effective 
in delaying lipid oxidation in meat compared to the control group on the 7th day of refrigerated storage. In conclu-
sion, the primary benefit of supplementing rabbit diets with 1% xanthohumol is improved growth performance, 
positively influenced by increased protein content, reduced fat content, and enhanced oxidative stability of the meat.
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Meat is recognised as a key dietary source to meet 
human nutritional requirements, particularly for 
high-quality protein. However, protein quantity 
alone is not sufficient to define the nutritional value 
of a protein source; both the content and digestibili-
ty of essential amino acids (AA) must be considered 
(Dalle Zotte and Cullere 2024). From a nutritional 
standpoint, rabbit meat can be regarded as an ide-
al choice due to its unique composition. In addi-
tion to its high biological value protein content, 
it is an excellent source of minerals, particularly 
potassium, phosphorus, and selenium while being 
low in sodium and cholesterol and rich in B vita-
mins. Notably, rabbit meat is considered one of the 
richest dietary sources of vitamin B12 among all 
meat species (Dalle Zotte et al. 2020).

It is well-documented that the continuous use 
of antibiotics as growth promoters leads to their 
accumulation in animal tissues, and consumption 
of such products by humans may contribute to the 
development of antibiotic resistance. In recogni-
tion of this risk, the European Community banned 
the use of antibiotics as growth promoters in 2006 
(Ondruska et al. 2012). Consequently, nutrition-
ists have focused on  alternative feed additives 
such as organic acids, antioxidants, and probiot-
ics. Among these, humic substances (HS) are con-
sidered a promising substitute for antimicrobial 
agents due to their beneficial effects on production 
performance, immune function, and animal health. 
HS can bind various toxic compounds, forming in-
soluble complexes, which enhances their role as ad-
sorbents and reduces the absorption of harmful 
endotoxins, an important factor in safeguarding 
both animal and human health. Furthermore, HS 
exhibits antibacterial, antiviral, and antimicrobial 
properties, thereby contributing to the sustain-
ability and efficiency of animal production systems 
(Ondruska et al. 2012).

Xanthohumol (XA, 3'-[3,3-dimethylallyl]-2',4',4-
trihydroxy-6'-methoxychalcone) is the most abun-
dant prenylated flavonoid found in hops. XA has 
attracted significant scientific interest due to its 
wide range of biological effects. Laboratory studies 
have demonstrated the potential benefits of xan-
thohumol as a dietary supplement (Miranda et al. 
2016). XA exhibits multiple biological activities, 
including antioxidant, anti-inflammatory, anti-
carcinogenic, antimicrobial, and chemoprotective 
effects. In addition, it inhibits bone calcium re-
sorption, suppresses lipoxygenase enzymatic activ-

ity, possesses strong phytoestrogenic properties, 
supports metabolic homeostasis, and stimulates 
appetite.

However, many of the existing studies on XA and 
HS have primarily focused on their effects on ani-
mal health, with less emphasis on their economic 
implications and production-related outcomes. 
Due to their unique composition and beneficial 
properties, both XA and HS can exert complex 
physiological effects, enhancing animals’ dis-
ease resistance and promoting improved perfor-
mance (Ondruska et al. 2012; Miranda et al. 2016). 
Therefore, the present study aimed to evaluate the 
effects of XA and HS supplementation in pelleted 
feed on growth performance, carcass traits, and 
the qualitative and sensory characteristics of rab-
bit meat.

MATERIAL AND METHODS

The animal study protocol was approved by the 
Ethics Commission of the University of Veterinary 
Medicine and Pharmacy in Kosice (Protocol Code 
EKVP/2024-2 and the date of approval is 28 August 
2024).

Housing of rabbits and feed 
supplementation

The experimental animals consisted of 60 cross-
bred silver and chinchilla rabbits (28  females, 
32 males). Rabbits were housed under the same con-
ditions in an air-conditioned hall. The young animals 
were raised with their mothers until the 35th day 
of age and kept in pens with deep bedding. At the 
weaning and during the experiment, 16 h of light and 
8 h of darkness were provided. The average tempera-
ture in the hall was 22 ± 2 °C, and the relative humid-
ity was 70 ± 5%. Before the weaning, all rabbits were 
provided commercial feed ad libitum. After wean-
ing, the growing rabbits were housed in two-tier 
metal mesh cages designed for commercial rabbit 
rearing, with 4 animals of the same sex in each cage. 
The cage area in which the rabbits were kept was 
in accordance with the conditions for keeping fur-
bearing animals (The Ministry of Agriculture 1998). 
The rabbits were included in a veterinary prophy-
laxis program for this group of animals (vaccinations 
against: haemorrhagic disease – Pestorin – 1 ml 
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intramuscularly, myxomatosis – Myxoren – 1 ml 
subcutaneously). After weaning, the rabbits were 
housed in two-tier metal mesh cages designed for 
commercial rabbit rearing, with four animals of the 
same sex in each cage.

At the beginning of the experiment, the animals 
were divided into three groups (n = 20/group) with 
five replicates in each group: C (control group, 
standard diet without additives), group XA (re-
ceived standard feed + 1.0% INHE Xanthohumol, 
P.R. China), group HS (received standard feed + 1% 
Humac Natur AFM, Slovakia – humic acids). XA 
and HS were incorporated during the production 
of pellets when mixing the individual components.

The control group was fed a basal diet without 
any additives for growing rabbits, according to the 
recommendations given in the international feed-
ing standards containing alfalfa flakes, barley, 
wheat bran, corn meal, calcium carbonate, extract-
ed rapeseed meal, vitamin-mineral premix, NaCl 
and nutritional supplements (Table 1).

During the entire period of fattening (from the 
35th to the 98th day of age), group XA was fed ba-
sal diet pellets with 1% of xanthohumol (INHE 
Xanthohumol; Shaanxi Inhealth Nature Industry 
Co., Ltd., P.R. China; 50% share of XA and 10% 
of hop flavonoids) and group XS was fed basal 
diet pellets with 1% addition of humic substances 
(Humac® Natur AFM; Košice, Slovak Republic; 
minimum 65% share of  natural humic acids, 
maximum 5% fulvic acids, Ca 42 278 mg/kg; Na 
7 129 mg/kg; K 903 mg/kg; Br 54.7 mg/kg; Mg 

5  111  mg/kg;  Fe 19  046  mg/kg; Cu 15  mg/kg; 
Zn 37 mg/kg; Mn 142 mg/kg; Co 1.24 mg/kg; Se 
1.67 mg/kg; V 42.1 mg/kg; Mo 2.7 mg/kg in dry 
matter, crude fibre 24.3 g/kg, moisture maximum 
21%, pH 5.8, particle size 0–200 μm).

Growth performance and carcass 
yield of rabbits

Throughout the study period (63 days), the an-
imals were pelleted fed ad libitum and had free 
access to drinking water. After the experimental 
growing period, 10 rabbits (5 males and 5 females) 
were randomly selected from each group. The 
weight of the rabbits was determined by weighing 
at ages 35 (start of XA and HS supplementation) and 
98  days (end  of  XA  and HS supplementation). 
Carcass weight was recorded after slaughter (de-
capitation, removal of skin and distal parts of the 
limbs, and evisceration). At the end of the experi-
ment, after 9 weeks of XA and HS administration, 
muscle samples were collected from the rabbits for 
further investigation.

Slaughter analysis was conducted during post-
slaughter processing. Data included: the body 
weight of  the rabbit after 16  h of  fasting and 
the weight of the left leg with bone.

Based on the collected data, the dressing-out 
percentage (DPC) was calculated according to the 
method of Gugolek et al. (2008) using the follow-
ing formula:

Table 1. Analytical composition of the feed mixture

Proportion of components in the feed 
mixture (%)

Analytical composition of mixture 
(g in 1 kg feed mixture)

Nutritional additives (in 1 kg feed 
mixture)

Alfalfa flakes 42.0 Dry matter 893 Vitamin A min. 9 800 I.U.
Barley 11.2 Nitrogenous substances 215 Vitamin D3 min. 1 870 I.U.
Wheat bran 30.9 Fibre 202 Iron 74 mg
Corn meal 6.5 Starch 145 Iodine 1.1 mg
Extracted rapeseed meal 7.2 Ash 71 Copper 14.5 mg
Vitamin-mineral premix 1.5 Fat 51 Manganese 108 mg
Calcium carbonate 0.4 Calcium 9 Zinc 79 mg
NaCl 0.3 Sodium 2.3 Selenium 0.28 g
– Phosphorus 6.8 Methionine 0.38 g
– – Lysine 0.85 g

DPC (%) = carcass weight after slaughter without the head and  offal
body weight of the animal before slaughter

%× 100 (1)
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The separation of the hind limbs was performed 
on the sides of the os coxae and the posterior part 
of m. iliopsoas: m. psoas major and m. iliacus (pars 
lateralis and pars medialis) (Blasco and Ouhayuon 
2010).

Physicochemical analysis of loin and leg 
meat samples

The loin and leg meat samples were frozen 
at –21 °C 24 h after slaughter until the meat qual-
ity analysis. For the meat quality analysis, eight 
rabbits from each experimental group were ran-
domly selected. In these samples, ash, water, fat 
and protein content, collagen, meat protein content 
without connective tissue content (BEFFE), NaCl, 
pH, malondialdehyde (MDA) content, and sensory 
characteristics were evaluated.

The proportion of individual chemical compo-
nents in the homogenised meat samples loin and 
leg was determined using a TANGO FT-NIR spec-
trophotometer (Bruker, Germany) with a resolu-
tion of 16 cm–1, a measurement time of 64 scans, 
and the measurement of one sample was repeated 
three times.

The pH of  the homogenised meat samples 
was analysed using a digital inoLab pH 340i me-
ter (Wissenschaftlich-Technische Werkstatten, 
Germany).

Determination of the biochemical 
parameters

On the last day of  fattening, blood samples 
(12 ml) were collected for evaluation of biochemi-
cal parameters, and rabbits were killed after stun-
ning with a spring-loaded slaughter gun (Agrofortel 
s.r.o., Prague, Czech Republic) followed by cutting 
the jugular vein and exsanguination (European 
Commission 2019). To evaluate biochemical pa-
rameters, 12 ml of blood was collected from eight 
randomly selected rabbits from each group before 
slaughter. Enzymatic activities of ALT (alanine 
transaminase), AST (aspartate transaminase), 
GGT (glutathione hydrolase), ALP (alkaline phos-
phatase), CK (creatine kinase) and LDH (lactate 
dehydrogenase) as well as levels of glucose (GLU), 
uric acid (UA), creatinine (CRE), total cholesterol 
level (TC), triglycerides (TAG), total protein (TP) 

and calcium (Ca), phosphorus (P), and magnesium 
(Mg) were determined by the use of automatic ana-
lyzator Unicel DxC 880i (Beckman Coulter, USA) 
using the commercial kits Labtest according to the 
methods described by Duncan et al. (1994).

Determining the decomposition changes 
of lipids

Malondialdehyde (MDA), as  a  main product 
of  secondary lipid oxidation, was determined 
in loin and thigh muscle by a spectrophotometric 
method as a complex with 2-thiobarbituric acid 
(TBA) at  a  wavelength of  532  nm by  the spec-
trophotometer (Helios  γ; Thermo Spectronic, 
Cambridge, United Kingdom). Leg and loin meat 
was frozen at  –21  °C 24  h after slaughter and 
stored for 1 month. The frozen meat was chopped 
in a frozen meat chopper and ground in a grinder 
(∅ 4.5 mm). The samples were packed in bags and 
stored in a refrigerator at 4 °C for 7 days. The results 
were expressed as mg MDA/kg per sample as the 
average value of three measurements per sample 
(Marcincak et al. 2006).

Sensory analysis

The experimental leg muscle samples of  rab-
bits were subjected to sensory analysis, which was 
carried out in the Specialised Sensory Laboratory 
at  the Institute for the Education of Veterinary 
Doctors in Košice, Slovakia established according 
to the general plan for the arrangement of senso-
ry workplaces (ISO 8589:2007 Sensory analysis – 
General guidance for the design of test rooms). 
The sensory panel was composed of five trained 
evaluators aged between 28 and 60 years, who had 
practical experience in evaluating meat. For assess-
ing experimental samples of rabbit leg muscle, the 
protocol according to Lawless and Heymann (2010) 
was followed. The procedure for the preparation 
of  leg meat samples included cooking the meat 
in boiled water (until a temperature of 80 °C was 
achieved in the core of the meat) and portioning the 
cooked meat samples into square cubes (weighing 
approximately 25 g). The samples were coded with 
random three-digit numbers and a dish with water 
for mouth rinsing was provided to the evaluators. 
The protocol utilises a 9-point hedonic scale to as-
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sess sensory attributes of the meat samples, includ-
ing colour, aroma, juiciness, tenderness, and overall 
acceptability. The scale ranges from 1 to 9, where: 
1 – extremely undesirable, 2 – very undesirable, 3 – 
moderately undesirable, 4 – slightly undesirable, 
5 – neutral, 6 – slightly desirable, 7 – moderately 
desirable, 8 – very desirable, 9 – extremely desir-
able. This structured approach provides a standard-
ised method for quantifying consumer perception 
and preference regarding key sensory characteris-
tics. The intensity of loin meat juiciness and brit-
tleness attributes was scored on a structured 10 cm 
line scale anchored as “not perceptible” – at the low 
end and “intense“ at the high end.

Colour measurement

Twenty-four hours after slaughter, the colour 
of the rabbit meat muscle (the longissimus lumbo-
rum and the biceps femoris) were measured. The 
colourimetric parameters of the experimental sam-
ples were measured using a Chroma meter CR-410 
(measuring area ∅ 50 mm, illumination D65, stand-
ard viewing angle 2°; Konica Minolta, Sensing, Inc., 
Japan). The colourimetric parameters were pro-
cessed using the Colour Data Software CM-S100w 
SpectraMagicTM NX (Konica Minolta Sensing Inc., 
Osaka, Japan). The colourimetric parameters of the 
analysed samples were expressed in the CIELab 
colour space.

The L* value represents lightness, a* represents 
redness [chromaticity from green (−a) to red (+a)], 
and b* represents yellowness [chromaticity from 
blue (−b) to yellow (+b)]. The hue angle (h*) and 
chroma (C*) parameters were expressed using 
a combination of a* and b* according to McLaren 

(1976). Measurements were performed in a labora-
tory room at 20 ± 2 °C. Before the analysis, the de-
vice was calibrated using the attached accessories, 
the so-called calibration plate (CR-A43, Konica 
Minolta), which calibrates the device to a white 
colour standard. Colour parameters were expressed 
in the Lab and LCh colourimetric spaces according 
to the International Commission on Illumination 
(CIE) (2007) and McLaren (1976).

Statistical analyses

The effect of dietary supplements on growth 
performance, carcass traits, and biochemical pa-
rameters was analysed using a one-way analysis 
of variance (ANOVA) with Tukey’s post-hoc test. 
This part of the analysis was performed using the 
R-statistics software (R Development Core Team 
2021). The effect of dietary supplements on meat 
colour was examined using the Kruskal-Wallis 
test (Kruskal and Wallis 1952) with the Dunn 
post-hoc test (Dunn 1961). Data are presented 
as means ± standard error of the means (SEM).

RESULTS

Performance, carcass parameters and 
physicochemical properties of meat

The body weight, total weight gain, and average 
daily weight gain of rabbits at the end of the fatten-
ing period are presented in Table 2. A significantly 
higher live weight (P < 0.05) was observed in the XA 
experimental group supplemented with 1.0% xan-
thohumol compared to the control group. Similarly, 

Table 2. Comparison of the effects of dietary supplementation with XA and HS on average daily weight gain

Dietary 
group

Weaning 
weight (g)

Slaughter 
weight (g)

Body weight gain during 
monitoring period (g)

Average daily 
gain (g)

XA 492 3 375a 2 783a 44.2a

HS 482 2 861b 2 375b 37.7b

C 486 3 118a 2 499b 39.7b

SEM 41.8 129 168 3.1
P-value 0.652 0.045 0.030 0.035

a,bValues in column with different superscripts letter are significantly different; Tukey’s test, P ≤ 0.05
C = control group, rabbits fed with complete feed mixture; HS = a group received basal feed + 1.0% humic substances; 
SEM = standard error of the mean; XA = a group received basal feed + 1.0% xanthohumol
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a statistically significant increase (P < 0.05) in total 
body weight gain and average daily weight gain was 
recorded in the same group (XA) over the 63-day 
monitoring period. In contrast, the HS group had 
significantly lower slaughter weight (P < 0.05).

XA supplementation (1%) increased carcass and 
leg weight (P < 0.05) compared to the control group. 
In the HS group, both monitored parameters (live 
and carcass weight) were lower (P < 0.05) than 
those in the control group. In the case of leg with 
bone weight, the values obtained within the experi-

mental group HS were slightly lower than those 
of the control group, but these differences were not 
statistically significant (P > 0.05) (Table 3).

The effect of  XA  and HS supplementation 
in rabbits on the composition of meat from the 
loin and leg is shown in Table 4. The supplemen-
tation of XA to the feed significantly affected the 
individual parameters of loin and leg meat. In loin 
and leg meat, protein and BEFFE content increased 
(P < 0.05) compared to control. In addition, leg 
meat showed a lower content of fat (P < 0.05) in the 

Table 3. Comparison of the effects of dietary supplementation with XA and HS on live weight, carcass weight, and 
leg weight with bone at 98 days of age

Dietary group
Carcass weight (CW) DPC Weight of leg with bone

(g) (%) (g) (% from CW)

XA 1 783a 52.8 290a 16.3

HS 1 444c 50.5 230b 15.9

C 1 602b 51.4 240b 15.0

SEM 73.2 – 23.0 –
P-value 0.035 0.693 0.050 0.614

a–cValues in column with different superscripts letter are significantly different; Tukey’s test, P ≤ 0.05
C = control group, rabbits fed with complete feed mixture; DPC = dressing out percentage; HS = a group received basal 
feed + 1.0% humic substances; SEM = standard error of the mean; XA = a group received basal feed + 1.0% xanthohumol

Table 4. Physicochemical analysis of the loin and leg meat as affected by supplementation with XA and HS at 98 days 
of age

Samples Parameters XA HS Control SEM P-value

Loin meat 
samples

water (g/100 g) 74.3 74.2 75.3 0.34 0.478
fat (g/100 g) 1.4 1.7 1.6 0.07 0.546
ash (g/100 g) 1.71 1.65 1.58 0.13 0.772

protein (g/100 g) 22.6a 22.4ab 21.6b 0.27 0.045
collagen (g/100 g) 1.4 1.6 1.5 0.13 0.725
BEFFE (g/100 g) 21.2a 20.8ab 20.1a 0.11 0.037

pH 5.57 5.65 5.7 0.08 0.640

Leg meat 
samples

water (g/100 g) 74.5 75.1 75.1 0.25 0.580
fat (g/100 g) 1.8a 2.2ab 2.4a 0.14 0.047
ash (g/100 g) 1.70 1.56 1.67 0.12 0.381

protein (g/100 g) 21.9a 21.1ab 20.8b 0.22 0.042
collagen (g/100 g) 1.62 1.75 1.71 0.08 0.735
BEFFE (g/100 g) 20.28a 19.45ab 19.1b 0.32 0.026

pH 5.61 5.54 5.65 0.04 0.684
a,bValues in rows with different superscripts letter are significantly different; Tukey’s test, P ≤ 0.05
BEFFE = collagen-free muscle protein; C = control group, rabbits fed with complete feed mixture; HS = a group received 
basal feed + 1.0% humic substances; SEM = standard error of the mean; XA = a group received basal feed + 1.0% xan-
thohumol
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XA than in the control. On the other hand, a con-
centration of 1.0% HS in the feed did not cause 
changes in  the content of  fat, ash, protein, and 
BEFFE in the loin and leg meat compared with the 
control and XA groups. The water and pH of meat 
from both supplemented groups were not affected 
by the addition of XA and HS to the feed.

By evaluating biochemical parameters from the 
blood serum of rabbits, both supplemented groups 
had lower cholesterol than control (P < 0.05). Higher 
albumin levels were recorded in the XA group than 
in the control group. By comparing the enzymatic 
activity of CK and LDH, lower values (P < 0.05) 
were recorded in the blood serum of rabbits supple-
mented with XA than in the control and HS groups. 
The evaluation of the mineral profile showed in-
creased values of Ca and P in the HS group com-
pared with the control and XA groups (P < 0.05) 
(Table 5).

Assessment of oxidative stability in meat

The results of malondialdehyde determination 
in the meat are shown in Figure 1. The oxidative 

stability of the meat was favorably affected in the 
XA group, as TBA expressed as MDA concentra-
tion in kg loin and leg muscle was found to be lower 
(P < 0.05) on the 7th day during cold storage com-
pared to the control group. On the first day after 
slaughter, there were no significant changes in fat 
oxidation in the meat.

Table 5. Results of biochemical blood analysis as affected by supplementation with XA and HS at 98 days of age

Parameters Reference range* XA HS C SEM P-value
Glucose (mmol/l) 4.16–8.10 6.85 7.02 7.04 0.26 1.000
Urea (mmol/l) 2.10–8.40 4.35b 4.05b 4.93a 0.36 0.014
Creatinine (μmol/l) 44.2–221.0 98.2 96.0 99.2 6.97 0.983
Total proteins (g/l) 54.0–75.0 62.3a 60.4b 57.1b 2.25 0.017
Albumin (g/l) 27.0–50.0 45.7a 43.2ab 40.7b 1.26 0.014
AST (μkat/l) 0.9–2.17 0.71 0.72 0.60 0.08 0.808
ALT (μkat/l) 0.75–1.33 2.17 1.98 1.87 0.24 0.959
GGT (μkat/l) 0–0.12 0.20 0.17 0.18 0.02 0.312
ALP (μkat/l) 0.20–1.60 2.43 2.32 2.22 0.32 0.918
Cholesterol (mmol/l) 0.55–4.44 1.35a 1.22a 1.65b 0.17 0.044
TAG (mmol/l) – 1.30 1.16 1.48 0.20 0.347
CK (μkat/l) 0–15.97 24.1a 28.5b 31.2b 4.28 0.048
LDH (μkat/l) – 3.07a 4.74b 4.56b 0.68 0.044
Ca (mmol/l) 2.70–3.50 3.61a 4.18b 3.74a 0.19 0.034
P (mmol/l) 1.30–2.10 2.40ab 2.50a 2.30b 0.11 0.045
Mg (mmol/l) – 1.20 1.26 1.21 0.05 0.478

*According to Fielder (2022); a,bValues in rows with different superscripts letter are significantly different; Tukey’s test, P ≤ 0.05
ALP = alkaline phosphatase; ALT = alanine transaminase); AST = aspartate transaminase; C = control group, rabbits 
fed with complete feed mixture; CK = creatine kinase; GGT = glutathione hydrolase; HS = a group received basal feed + 
1.0% humic substances; LDH = lactate dehydrogenase; SEM = standard error of the mean; TAG = triacylglycerols; XA = 
a group received basal feed + 1.0% xanthohumol

Figure 1. Dietary effects of XA and HS on the oxidative 
stability of rabbit meat
a,bValues in rows with different superscripts letter are sig-
nificantly different; Tukey’s test, P ≤ 0.05
C = control group, rabbits fed with complete feed mixture; 
HS = a group received basal feed + 1.0% humic substances; 
XA = a group received basal feed + 1.0% xanthohumol
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Sensory evaluation and colourimetric 
analysis of meat

Table 6 summarises the colour values of the long-
issimus lumborum and biceps femoris muscle from 
the control and supplemented groups 24 h post-
slaughter. XA supplementation in the rabbit diet 
increased (P < 0.05) the L* value in both measured 
muscles and a* colourimetric parameter in the bi-
ceps femoris of the same group. These two values 

influenced the better visual quality of the evaluated 
samples.

We noted a slight decrease (P > 0.05) in colouri-
metric redness (C*) values in leg meat in the HS 
experimental group compared with in those the 
control and XA groups. For the other colour com-
ponents, no  statistically significant differences 
were found in either the middle part or hind part 
muscles. The results of the sensory properties are 
presented in Table 7. The total sensory evaluation 

Table 7. Sensory characteristics of leg meat at 98 days of age

Sensory variables XA HS Control SEM P-value

Appearance 7.70 7.60 7.70 0.63 0.986

Smell 7.70 7.40 7.40 1.19 1.000

Consistency 7.30 7.10 7.30 1.13 0.980

Taste 8.00 8.00 8.00 1.10 1.000

Overall acceptability 8.00 7.80 7.90 0.94 0.996

C = control group, rabbits fed with complete feed mixture; HS = a group received basal feed + 1.0% humic substances; 
SEM = standard error of the mean; XA = a group received basal feed + 1.0% xanthohumol

Table 6. Instrumental colourimetric analysis of muscles – longissimus lumborum and biceps femoris

Parameters XA HS Control SEM P-value
Longissimus lumborum
L* 65.9a 63.5ab 62.2b 0.13 0.046
a* 11.9 11.4 11.3 0.03 0.862
b* 9.9 10.2 10.7 0.04 0.822
C* 15.5 15.1 15.5 0.04 0.920
h* 43.6 43.0 42.5 0.17 0.645
X 34.1 34.4 35.7 0.19 0.438
Y 35.5 33.7 34.2 0.25 0.048
Z 28.0 28.6 29.3 0.16 0.244

Biceps femoris
L* 64.7a 62.9b 62.63b 0.28 0.038
a* 12.0a 10.2b 11.72a 0.18 0.046
b* 8.06 7.89 9.17 0.15 0.095
C* 15.4 15.0 15.1 0.27 0.247
h* 34.5 34.3 33.8 0.29 0.425
X 30.6 32.7 32.1 0.14 0.559
Y 29.2 31.5 30.0 0.13 0.980
Z 26.5 27.1 26.4 0.10 0.522
a,bValues in rows with different superscripts letter are significantly different; Tukey’s test, P ≤ 0.05
X, Y, Z – tristimulus values of test stimulans calculated using the colour, Y is the luminance, Z is quasi-equal to blue 
(of CIE RGB), and X is a mix of the three CIE RGB curves chosen to be nonnegative
C = control group, rabbits fed with complete feed mixture; HS = a group received basal feed + 1.0% humic substances; 
SEM = standard error of the mean; XA = a group received basal feed + 1.0% xanthohumol
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of leg meat included appearance, aroma, consist-
ency, taste, and overall acceptability, which were 
not affected by dietary supplementation with XA 
or HS.

DISCUSSION

Using organic and botanical preparations in an-
imal feed as dietary supplements can effectively 
regulate animal metabolism and influence growth, 
meat quality, health, and welfare (Zawadzki et al. 
2017). The present study investigated the dietary 
effects of xanthohumol (XA) and humic substanc-
es (HS) on growth performance, carcass param-
eters, and the physicochemical properties of meat 
in crossbred rabbits. XA, a potent natural antioxi-
dant, helps protect the intestinal mucosa from 
oxidative damage and pathogens. Additionally, 
by reducing intestinal peristaltic activity during 
digestive disturbances, XA may enhance nutrient 
absorption (Sbardella et al. 2016).

The results of  the present study confirm that 
improved feed intake and nutrient absorption in-
creased body weight at the end of fattening in the 
XA group supplemented with 1.0% xanthohumol. 
In addition to the higher final body weight, XA 
supplementation also positively influenced carcass 
weight, with increased leg and loin muscle weights 
compared to the control group. In rabbits, overall 
live weight is largely determined by the amount 
of muscle and fat accumulated during the 63-day 
feeding period. According to Xiccato (1999), the 
protein content in rabbit meat typically ranges 
from 18.6% to 22%. Variations in protein levels 
depend on factors such as breed, age, feed com-
position, carcass part, and slaughter preparation. 
In the present study, the protein content in the leg 
meat of rabbits fed a diet supplemented with 1.0% 
XA exceeded previously reported levels. XA likely 
influences the absorption and subsequent distribu-
tion of proteins and fats in the body, altering the 
meat composition.

In the XA-supplemented group of the present 
study, increased protein and BEFFE (collagen-free 
muscle protein) content were observed compared 
to both the control and HS groups, which likely 
contributed to the higher final body weight at the 
end of the fattening period. Conversely, a decrease 
in intramuscular fat content was noted in both the 
XA and HS groups. This reduction may be attrib-

uted to enhanced fat metabolism resulting from the 
antioxidant and detoxifying effects of XA and HS 
on liver function. Additionally, the increased fat 
metabolism was reflected in lower blood choles-
terol levels observed in both dietary supplemented 
groups compared to the control group in the pres-
ent study. Conversely, some studies have shown 
that supplementation with XA or HS can reduce 
body fat and blood cholesterol, but this is some-
times accompanied by reduced body weight or low-
er weight gains (Miranda et al. 2016). In the study 
by Ondruska et al. (2012), rabbits fed diets supple-
mented with HS or a combination of HS and pro-
biotics demonstrated higher live weight in the final 
phase of fattening (77 days) compared to the con-
trol group fed a diet supplemented with HS alone.

The efficacy of humic substances (HS) in en-
hancing growth performance is highly dependent 
on their concentration. Previous studies have iden-
tified an optimal inclusion range of 0.5% to 1.0%, 
with efficacy influenced by the purity and com-
position of the HS preparation, ideally contain-
ing a minimum of 40% active HS compounds and 
subjected to appropriate pre-treatment to ensure 
bioavailability (Marcincak et al. 2023). Beneficial 
effects on carcass traits have been consistently ob-
served within a supplementation range of 0.25% 
to 1.0%. For instance, Jaduttova et al. (2019) re-
ported a significant increase in breast and thigh 
muscle yields in broilers receiving 1.0% HS, while 
Hudak et al. (2021) demonstrated that a 0.75% di-
etary inclusion of HS positively influenced overall 
carcass weight.

These findings suggest that both the concentra-
tion and quality of HS are critical factors in op-
timizing zootechnical outcomes. Oxidation and 
post-mortem maturation are key determinants 
of meat quality, profoundly influencing the physi-
cochemical and sensory attributes of muscle foods. 
Following slaughter, oxidative processes persist and 
are a primary cause of quality degradation dur-
ing meat processing and storage. During the early 
post-mortem period, muscle fibres undergo com-
plex biochemical transformations as muscle tissue 
transitions to meat. This conversion is energy-in-
tensive, driven by the catabolism of muscle glyco-
gen. High-energy phosphate compounds facilitate 
the enzymatic breakdown of glycogen into lactic 
acid, resulting in a progressive decline in muscle 
pH. This pH reduction plays a pivotal role in modu-
lating a range of chemical and biochemical path-
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ways that affect meat texture, colour, water-holding 
capacity, and microbial stability (Simpson 2012). 
In the present study, supplementation with XA and 
HS in the feed did not affect the pH values of the 
loin and thigh muscles. Similar findings were re-
ported by Rezar et al. (2020), who observed no ef-
fect of hops or HS supplementation on pectoral 
muscle pH 24 h post-slaughter.

Preventing lipid oxidation during meat ripening 
and storage is crucial for maintaining meat qual-
ity and ensuring consumer health (Huang and Ahn 
2019). To the best of our knowledge, no comprehen-
sive studies have been conducted on the use of hops 
as a dietary source of antioxidants, nor on their im-
pact on oxidative stress in vivo or on the oxidative 
stability of rabbit meat. Lipid oxidation leads to the 
formation of off-flavours and rancidity, whereas 
protein oxidation can detrimentally impact key 
quality parameters, including tenderness, juiciness, 
and water-holding capacity. Therefore, strategies 
aimed at enhancing redox stability are essential not 
only improving sensory and nutritional attributes 
of meat but also for prolonging shelf life and reduc-
ing spoilage. Hops are a rich source of polypheno-
lic antioxidants, which was also confirmed in the 
present study by their demonstrated free radical 
scavenging activity. The oxidative stability of meat 
in the XA-supplemented group was significantly 
improved on the 7th day of cold storage compared 
to the control group (Figure 1). Similar results were 
reported by Hanczakowska et al. (2017), who sup-
plemented pigs’ diets with herbal extracts from hops 
(Humulus lupulus L.) at two different doses (500 
or 1 000 mg/kg feed). Both groups demonstrated 
improved oxidative and colour stability of the meat. 
In another study on Merino lambs, supplementa-
tion with hop cones at two different doses (1.5 and 
3.0 g hop cones/kg of pelleted total mixed ration) 
significantly reduced differences in meat chemical 
composition, colour, and texture (P < 0.05), despite 
no observed differences in meat antioxidant status 
(P > 0.10) (Blanco et al. 2018).

The colour of muscle tissue is one of the key attri-
butes influencing consumer perception of meat and 
is determined by the concentration and oxidation 
state of heme pigments. An increase in meat pH 
reduces its lightness (L* value), whereas a lower 
pH increases lightness. The L* value reflects the 
visual lightness of meat colour, the a* value relates 
to the oxidation state of pigments, intramuscular 
fat, and myoglobin content, while the b* value is in-

fluenced by the redox state and intramuscular fat 
content (Rubayet Bostami et al. 2018).

In the present study, the reduced fat content 
in loin and leg meat from the XA-supplemented 
group improved visual appearance (L*  value). 
Additionally, a redder colour in the a* value was 
recorded in the leg meat samples of the same group. 
Comparable findings were reported by Rezar et al. 
(2020), who observed better lightness (L*) in chick-
en meat supplemented with 0.9 g hops/kg of feed 
on the first day of measurement, with no significant 
changes in redness (a*).

However, a decrease in meat yellowness (b*) was 
observed in chickens supplemented with both 0.9 g 
and 3.6 g hops/kg of diet. It is important to note 
that direct comparison of colourimetric parameters 
across different meat types are complicated by in-
trinsic differences in myoglobin content and muscle 
composition. Previous research by Liu et al. (2009) 
reported no significant effect of hop supplemen-
tation on meat colour in both poultry and rabbits 
models, suggesting that the effect of hops on pig-
mentation may by minimal or species-specific.

On the other hand, in the present study no sen-
sory changes were observed in the meat of the sup-
plemented rabbits. For rabbit meat, appearance and 
texture are key attributes influencing consumer 
preference; therefore, proper storage conditions 
are essential to  maintain product acceptabil-
ity. Quantitative descriptive analysis conducted 
by a panel of trained assessors is an effective meth-
od for objectively evaluating and comparing the 
sensory properties of food products (Lawless and 
Heymann 2010). In the study by Arino et al. (2007) 
it was demonstrated that genetic line significantly 
influences specific sensory attributes associated 
with rabbit meat tenderness. Similarly, Semjon 
et al. (2020) reported that dietary supplementa-
tion with humic substances positively affected the 
sensory characteristics of poultry meat. The in-
clusion of 1.0% HS to the diet broiler chickens led 
to improved sensory evaluation scores, particularly 
in terms of meat flavour, indicating a beneficial im-
pact on overall meat quality perception.

CONCLUSION

Applying XA and HS to  the feed influenced 
growth, blood profile, and meat quality in rabbits. 
Adding 1.0% XA to the diet caused an increase in fi-
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nal live weight and carcass weight, with an increase 
in average daily gain compared to the control group. 
In contrast, reduced final weight was recorded in the 
group treated with 1.0% HS after 63 days of fatten-
ing. The reduced final live weight of rabbits in the 
HS group was also reflected in the reduced fat con-
tent in the meat and cholesterol in the blood. In ad-
dition, in the present study confirmed a lower fat 
content in the thigh meat of both groups of rabbits 
fed diets supplemented with XA or HS. The de-
creased fat in the meat in both dietary supplemented 
groups may be due to increased fat metabolism due 
to the beneficial detoxifying effects of XA and HS 
on the liver. Due to increased fat metabolism, low-
er blood cholesterol levels were observed in both 
dietary supplemented groups than in the control 
group. In addition, increased values of protein and 
BEFFE in the loin and thigh meat were confirmed 
in rabbits fed a diet supplemented with 1.0% XA, 
which resulted in a higher final live weight. The in-
creased weight and average gain are probably related 
to the increased appetite for eating the pellets, which 
were enriched by adding XA. Therefore, its admin-
istration positively affects overall metabolism and 
nutrient utilization. However, the supplementation 
of XA feed enhances meat oxidative stability, making 
it more effective than humic substances.
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