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Abstract. Rabbit meat is of high demand in Nigeria due to its valued nutritional composition
and pleasant sensory quality. The purpose of this study was to evaluate the impact of processing
methods and feeding type on the nutritional quality of rabbit meat. Three sets of weaned rabbits
were subjected to three types of feeding regimes and processing methods and evaluated for vitamins,
cholesterol, and proximate composition in a Randomised Complete Block Design experiment.
Mean vitamin B1 varied from 0.092 mg (100 g)! for cooked rabbit fed with forage to 0.105 mg
(100 g)! for uncooked rabbit fed with forage with all variances being almost zero. The result of the
cluster analysis of the vitamin contents of the rabbit meat indicated that roasted- rabbit fed with
forage and cooked rabbit fed with forage and concentrate clustered at the earliest agglomeration
distance of 0.128. This was followed by the clustering of cooked rabbit fed with forage and cooked
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rabbit fed with concentrates at the agglomeration distance of 1.941 and the farthest agglomeration
distance of 24.973 was obtained for cooked rabbit fed with forage and roasted rabbit fed with forage.
Mean protein of the rabbit meat fell between 17.971 for uncooked rabbit fed with concentrates
and 31.489 for cooked rabbit fed with forage and concentrates and the variances forms 2 groups
(homoscedastic and independent). The results of the general linear model analysis returned
F 15005~ 34.58, 55.839.90, 17.75, 23.11, 20.85, 12.32 and 12.36 for ash content, protein, moisture
content, fat, crude fibre, carbohydrate and energy that were significant (P < 0.05). Roasting and
foraging as established in the present study enhanced nutritional quality of rabbit meat and these
offer practical value by addressing consumer demand, advancing quality standards in agricultural

production, and recommending optimal processing methods

Keywords: nutrients; homoscedastic; variance; rabbit keeping enterprise; rabbit farming

Introduction

Rabbit meat produced in both intensive and ex-
tensive farming systems is valued for its unique
properties and high nutritional value. Rabbit is
considered a meat producing animal based on
its short life cycle, gestation period, and feed
conversion ratio. The technological properties
and nutritional profile of rabbit are of industrial
value as rabbit can be a good raw material for
processing, and can be incorporated into value
added products for consumers’ satisfaction and
healthy living.

As reported by T. Daszkiewicz & A. Gugo-
tek (2020), rabbit meat is considered health-
ier than the other meat traditionally used in
the meat products industry due to its specif-
ic nutritional characteristics of low fat with a
favourable proportion of saturated, monoun-
saturated. and polyunsaturated fatty acids,
low cholesterol and sodium. It is very high in
protein (over 30% and approximately 80% of
the energy value) with a high share of essential
amino acids (lysine, sulphur-containing amino
acids, threonine, valine, isoleucine, leucine,
and phenylalanine) minerals and vitamins (po-
tassium, phosphorus, selenium, and vitamin B)
compared with most types of available meat
for consumption, as reported by W. Akinde-
le & A. Adeosun (2022). The consumption of
rabbit meat, according to S. Amer et al. (2019),
has been recommended as a healthier source

of dietary protein in the developing countries.
Rabbit meat has a high content of B vitamins,
in particular B3 and B12 and a low content of
sodium, purines and uric acid, according to
B. Suvajdzi¢ et al. (2023). Rabbit meat has been
found to be useful in production of functional
foods by B. Pang et al. (2020).

Effect of diets composition and feeding
systems on the nutritional quality of rabbit
meat have been documented by S. Siddiqui et
al. (2023) and M. Teye et al. (2020). This has
led to geared efforts in modifications in rabbit
diets to meet its adequate nutritional value.
This can allow positive exploitation of nutri-
tional aspects of rabbit meat which well fits the
current consumer demand for a low-fat meat
with a high unsaturation degree of fatty acids
and low sodium, cholesterol, and haeme-iron
levels. According to G. Frunza et al. (2023), it
also contribute to balanced diet with possible
preventive effects on chronic non-deficiency
diseases like obesity, type 2 diabetes, cancer,
and cardiovascular diseases. Similarly, feeding
practices have been found to play a crucial role
in determining the nutritional composition,
flavour, and overall quality of meat. Different
feed types can affect the growth rate, carcass
characteristics, and fat content, ultimately in-
fluencing consumer preferences. Additionally,
the processing methods employed post-harvest
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can further modify the meat’s sensory attrib-
utes, shelf life, and safety.

According to S. Kumar et al. (2023), meat
quality is determined by several factors, in-
cluding: nutritional qualities, such as the right
amounts of proteins, lipids, and bioactive com-
pounds; sensory attributes, like appearance,
texture, and flavour; health benefits, which are
dependent on fat and saturated fatty acid (SFA)
content, mineral content, and technological
factors like processing. Variability in vitamin,
cholesterol, nutrient and proximate content
of rabbit meat as affected by feed and cooking
styles can have significant implications for hu-
man nutrition. Understanding how different
feeds and cooking methods impact these rabbit
meat qualities can help inform dietary choices
and promote better health outcomes. Addi-
tionally, this research can also provide valua-
ble insights for producers and chefs looking to
maximise the nutritional value of rabbit. The
purview of this study would cover both the nu-
tritional and health factors including the min-
eral content, vitamins and cholesterol content,
and proximate composition of the rabbit meat
as affected by processing and feeding types. The
purpose of this study was to assess the effect
of three types of feeding regimes and cooking
type on the nutritional quality of rabbit meat to
improve the potential of rabbit keeping enter-
prise (RKE).

Materials and Methods
Three sets of weaned Hyela Rabbit at the age
of five (5) months were obtained from Onile-
ola Rabbit Farm in Ede, Osun State, Nigeria.
The rabbits were housed in semi closed wire
cages in three tiers batteries pen made from
aluminium nets and poles in the rabbitry. The
environmental conditions were adequately
monitored to ensure welfare of the rabbits ac-
cording to Standard guidelines. All the cages
were equipped with feeding hoppers and drink-
ing nipples. Each tier of cages was built over
separate fecal and urine collectors to maintain
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high level hygiene and safe collection of rabbit
waste for laboratory analyses. The rabbits were
fed on three types of feeding regime. The first
group of rabbits was fed on forages like Moringa
Leaves (Moringa oleifera, Centro/Butterfly peas
(Centrosema pubescens); Wild sunflower (As-
pilia africana); Sweet potato Vines and Leaves
(Ipomea batatas); Sunflower (Helianthus annu-
us); and Milkweed (Euphorbia heterophyla). The
second group was fed on concentrates called
Rabbit Pellet. The concentrate contains Wheat
bran, Groundnut meal, Palm kernel meal, Soy-
abean meal, Cassava peel, Maize, Rice hulls,
Sodium Bicarbonate, Salt (Sodium Chloride),
Limestone, L-lysine HCI, Toxin Binder, DL-me-
thionine, and Vitamin Premix. While the third
group was fed on combination of forage and
concentrates, respectively. The rabbits were fed
for 90 days after which one rabbit from each
group was slaughtered according to the stand-
ard guidelines for euthanising rabbits after 24
hour fasting (Institutional Animal Care and
Use Committee (IACUC), United States, and
Guidelines for the safe handling of wildlife and
wildlife products as established by Z. Greato-
rex et al. (2021) and Regulation (EU) 2019/1010
of the European Parliament and of the Coun-
cil (2019). The slaughtered rabbits were skinned
and appropriate parts were packaged and iced
in freezer for subsequent processing and labo-
ratory analysis. The favourable environmental
conditions were adequately monitored and all
the cages were equipped with feeding hoppers
and drinking nipples. The study lasted 90 days
after which a rabbit from each set was culled
and slaughtered according to the standard
guidelines for euthanising rabbits after 24h
fasting. The slaughtered rabbits were skinned
at the slaughter slab of the farm and appro-
priate parts were packaged and iced in freezer
for subsequent laboratory analysis. The study
employed a Randomised Complete Block De-
sign that comprise of three feeding regimes
(forage, concentrates, and forage with con-
centrates) as treatments and three processing




Farinde et al.

67

types (cooking, roasting, and raw) as the blocks.
Two parts of meat flesh of thigh of each of the
rabbits was subjected to cooking and roasting
while the third part was left unprocessed (raw).
The experimental materials were designated as
RRFF - roasted rabbit fed with forage, RRFC -
roasted rabbit fed with concentrates, RRFFC —
roasted rabbit fed with both forage and concen-
trates; CRFF — cooked rabbit fed with forage,
CRFC - cooked rabbit fed with concentrates,
CRFFC - cooked rabbit fed with both forage
and concentrates; URFF - unprocessed rabbit
fed with forage, URFC — unprocessed rabbit fed
with concentrates, and URFFC - unprocessed
rabbit fed with both forage and concentrates.
Proximate composition and mineral con-
tent of the rabbit samples were determined
using AOAC (2020) method while the choles-
terol content was determined using Lieber-
mann-Burchard method described by T. Daszk-
iewicz & A. Gugotek (2020). The experimental
materials were designated as RRFF - roasted
rabbit fed with forage, RRFC - roasted rabbit
fed with concentrates, RRFFC - roasted rabbit
fed with both forage and concentrates, CRFF —
cooked rabbit fed with forage, CRFC - cooked
rabbit fed with concentrates, CRFFC — cooked
rabbit fed with both forage and concentrates,
URFF - unprocessed rabbit fed with forage,

URFC - unprocessed rabbit fed with concen-
trates, and URFFC — unprocessed rabbit fed with
both forage and concentrates. Data on vitamin
A, B1, B2, E, cholesterol, proximate composi-
tion including ash content, protein, moisture
content, fat, crude fibre, carbohydrate, energy,
and mineral components (P, Na, K, Ca, Fe, and
Zn) were ethically collected from the animals.
The data were subjected to descriptive and in-
ferential statistics, cluster analysis, and general
linear model (GLM) analysis using SAS (version
13). The main source of variation for the GLM
analysis were the processing and feeding type
with 2 (3-1) degree of freedom for both treat-
ment and block while mean of the significantly
different variables were separated using Dun-
can Multiple Range Test (DMRT).

Results
Overview of the data for the rabbit meat pa-
rameters (vitamins and cholesterol)
The results of the descriptive statistics analy-
sis of the vitamins and cholesterols contents
of the rabbit meat showed that no two sam-
ples had mean values for vitamin A that were
comparable. The mean vitamin A values were
homoscedastic (same variances) and ranged
from 0.393 mg (100 g)*! for RRFC to 0.916 mg
(100 g)! for CRFC (Table 1).

Table 1. Descriptive statistics of the vitamins and cholesterol of the rabbit meat

Sample VITA VITB1 VITB2 VITE CHOLE
(mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g) (mg/100 g)

Mean | Variance | Mean | Variance | Mean | Variance | Mean | Variance | Mean | Variance
CRFF | 0.725 | 0.00013 | 0.092 | 0.00001 | 0.265 | 0.00005 | 0.133 |0.0000012 | 30.780 | 2.56551
RRFF | 0.566 | 0.00013 | 0.104 | 0.00000 | 0.327 | 0.00005 | 0.146 |0.0000015 | 23.790 | 4.01595
URFF | 0.432 | 0.00013 | 0.105 | 0.00000 | 0.335 | 0.00005 | 0.093 |0.0000015 | 61.570 | 0.47472
CRFC | 0.916 | 0.00000 | 0.095 | 0.00000 | 0.319 | 0.00005 | 0.109 |0.0000005 | 54.256 | 0.04340
RRFC | 0.393 | 0.00013 | 0.103 | 0.00000 | 0.314 | 0.00005 | 0.137 |0.0000005 | 37.151 | 0.25228
URFC | 0.539 | 0.00000 | 0.099 | 0.00000 | 0.727 | 0.00009 | 0.104 |0.0000022 | 64.088 | 0.29387
CRFFC | 0.572 | 0.00013 | 0.102 | 0.00000 | 0.453 | 0.00002 | 0.125 |0.0000022 | 52.325 | 0.63296
RRFFC | 0.452 | 0.00013 | 0.095 | 0.00000 | 0.289 | 0.00014 | 0.132 |0.0000094 | 30.779 | 17.76620
URFFC | 0.758 | 0.00000 | 0.102 | 0.00000 | 0.662 | 0.00006 | 0.096 |0.0000020 | 42.947 | 0.68359

Note: CRFF - cooked rabbit fed with forage, RRFF - roasted rabbit fed with forage, URFF — unprocessed rabbit
fed with forage, CRFC - cooked rabbit fed with concentrate, RRFC - roasted rabbit fed with concentrate, URFC -
unprocessed rabbit fed with concentrate, CRFFC — cooked rabbit fed with forage and concentrate, RRFFC —
roasted rabbit fed with forage and concentrate, URFFC — unprocessed rabbit fed with forage and concentrates
Source: experimental data
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According to Table 1, the mean vitamin
B1 varied from 0.092 mg (100 &) for CRFF to
0.105 mg (100 g)* for URFF, with all variances
being almost zero. The samples CRFF, RRFF,
CRFC, and RRFC were homoscedastic, while
URFC, CRFFC, RRFFC, and URFFC were heter-
oscedastic. The mean vitamin B2 fell between
0.265 mg (100 g)*! for CRFF and 0.727 mg
(100 g)! for URFC (Table 1). Mean vitamin E
ranged from 0.093 for URFF to 0.146 obtained
for both RRFF while the variances were very
low and ranged between 0.5 x 10”7 for CRFC and
0.94 x 10 for RRFFC. Some of the vitamin E
samples of the rabbit meat were the same (Ta-
ble 1). RRFF had the least cholesterol of 23.790
while the highest cholesterol of 64.088 was ob-
tained for URFC and no 2 rabbit meat samples
returned the same cholesterol values (Table 1).
The variance was inversely related to the mean
cholesterol and they are heteroscedastic. The
results indicate that processing (roasting or
cooking) has significant impact on the vitamin
B1 and B2 and cholesterol obtained from the
rabbit meat. The recorded values of vitamin B1,
vitamin B2, and vitamin E in the present study
further emphasise the potential of rabbit meat
as a valuable dietary source.

General linear model (GLM) analysis and
mean separation of the vitamins and cho-
lesterols of the rabbit meats

The general linear model analysis of the vi-
tamins and cholesterol of the rabbit meat
returned means vitamins that are statis-
tically significant (P < 0.05 — Table 2). The
Fis00s = 1,012.72, 85.84, 1,467.65, 371.91
and 213.71 obtained respectively for vitamin
A, B1, B2, E, and cholesterol were significant.
Mean vitamin A were partitioned into eight
significantly different classes. Mean vitamin A
obtained for rabbit meat of CRFC (0.916) was
significantly the highest and it is higher than
mean vitamin A obtained for rabbit meat of
URFC (0.758 — Table 2). The least mean sig-
nificantly different vitamin A was obtained for
RRFC (0.393) and was significantly lesser than
mean significantly different mean vitamin A
obtained for sample URFF (0.432). Mean vita-
min B1 obtained for sample URFF was signif-
icantly the highest and not statistically differ-
ent from mean vitamin B1 obtained for RRFF.
Mean vitamin B1 obtained for CRFF (0.092)
was significantly the least and it is statistically
lesser than mean vitamin B1 (0.095) obtained
for both RRFC and RRFFC.

Table 2. General linear model analysis and mean separation of the vitamins and cholesterol

Treatment VIT.A VIT.B1 VIT.B2 VIT.E CHOLESTEROL
F-statistics 1,012.72%* 85.84™* 1,467.65** 371.91** 213.71%*
DF 8 8 8 8 8
CRFF 0.725¢ 0.092f 0.265¢ 0.133¢ 30.780°
RRFF 0.5664 0.104 0.3274 0.146* 23.790¢
URFF 0.4328 0.105° 0.3354 0.093# 42.947°
CRFC 0.916* 0.095¢ 0.319¢ 0.109° 54.256°
RRFC 0.393" 0.103¢¢ 0.314° 0.137° 37.151¢
URFC 0.539¢ 0.099¢ 0.727° 0.104¢ 64.088*
CRFFC 0.572¢ 0.102¢ 0.453¢ 0.125¢ 52.325°
RRFFC 0.452f 0.095¢ 0.289f 0.132¢ 30.779°
URFFC 0.758° 0.102¢ 0.662° 0.0968 61.570°

Note: CRFF - cooked rabbit fed with forage, RRFF - roasted rabbit fed with forage, URFF — unprocessed rabbit
fed with forage, CRFC - cooked rabbit fed with concentrate, RRFC - roasted rabbit fed with concentrate, URFC -
unprocessed rabbit fed with concentrate, CRFFC — cooked rabbit fed with forage and concentrate, RRFFC —

roasted rabbit fed with forage and concentrate, URFFC - unprocessed rabbit fed with forage and concentrates

Source: experimental data
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Duncan Multiple Range Test (DMRT) par-
titioned mean vitamin B2 and E into 7 signif-
icantly different classes. As per vitamin B2,
mean vitamin B2 obtained for URFC (0.727)
was significantly the highest and higher than
mean vitamin B2 obtained for URFFC meat
(0.662 — Table 2). Mean vitamin B2 for CRFF
meat was significantly the least (0.265) and it
is significantly lesser than vitamin B2 for rab-
bit meat RRFFC (0.289 - Table 2). Other rabbit
meat samples formed significantly different
classes between these 2 groups (the signifi-
cantly highest and significantly lowest classes).
Conversely, mean vitamin E for RRFF meat was
significantly the highest (0.146) and was sig-
nificantly higher than vitamin E for RRFC meat

(0.137). Vitamin E (CREF, CREFC S RRFEC) 0.132 > vita-
min E (CRFO) 0.109 >Vitamin E(URFC) =0.104 >vita-
min E =0.094 & 0.096 (Table 2). High-

(URFF & URFEC)
est mean cholesterol (64.088 and 61.57) was

obtained for both URFC meat and URFFC meat
respectively and were significantly higher than
mean cholesterol obtained for CRFC (54.256)
and CRFFC (52.325 - Table 2).

The least significantly different mean cho-
lesterol was obtained for RRFF (23.79) while
other rabbit meat samples formed independent
classes between these 2 groups (highest and
least significantly different groups — Table 2). It

is evident that rabbit meats fed with forage en-
hance/retain vitamin B1 and vitamin E with re-
duced cholesterol. Neither roasting nor cooking
enhances any of the vitamins as the raw meats
werefoundtobericherinthevitaminsevaluated.

Overview of the data for the rabbit meat pa-
rameters (proximate content)

The results of summary statistics analysis for
proximate composition indicated that most of
the meat samples (CRFF, RRFF, CRFFC, URFF,
URFC, and URFFC) returned same ash content
of 1.500 and 0.500. Rabbit meat samples in
these 2 groups have zero variances while oth-
ers not in the group sample are homoscedastic
(with the same variance of 0.083 — Table 3).
The mean ash content obtained for the ho-
moscedastic meat samples were 1.667, 1.833,
and 1.667 for CRFC, RRFC, and RRFFC, respec-
tively. The unprocessed rabbit meats returned
the least ash content implying that they might
likely contain the lower minerals than the pro-
cessed rabbit samples. Mean protein of the
meat falls between 17.971 for URFC and 31.489
for CRFFC. Rabbit meat samples CRFF, RRFF,
RRFC, CRFFC, and RRFFC returned the same
variance of 0.001, while rabbit samples URFF,
URFC, and URFFC returned the same variance
of 0.002 (Table 3).

Table 3. Summary statistics of the proximate component analysis of the rabbit meat

_ASH _PROTEIN _MOISTURE _FAT _CRUFIB
Sample | Mean | Variance | Mean | Variance | Mean | Variance | Mean | Variance | Mean | Variance
CRFF | 1.500 0.000 |30.041| 0.001 58.500 | 0.280 5.000 0.000 0.600 0.010
RRFF | 1.500 0.000 |26.740| 0.001 56.200 | 1.240 3.000 0.500 |12.060| 182.200
URFF | 0.500 0.000 |26.740| 0.002 |62.333| 0.103 3.000 0.000 0.333 0.003
CRFC | 1.667 0.083 |31.332| 0.000 |56.667 | 0.023 6.333 0.333 0.733 0.003
RRFC | 1.833 0.083 |27.380 | 0.001 |48.500| 12.130 | 4.333 0.333 0.367 0.003
URFC | 0.500 0.000 |17.971 0.002 | 65.367 | 13.103 | 7.333 1.333 0.267 0.003
CRFFC | 1.500 0.000 |31.489| 0.001 31.489 | 0.001 6.667 0.333 0.433 0.003
RRFFC | 1.667 0.083 |30.512| 0.001 |48.367 | 27.123 | 5.333 0.333 0.167 0.003
URFFC | 0.500 0.000 |20.358| 0.002 |61.000| 0.002 6.667 0.333 6.667 0.333

Note: CRFF - cooked rabbit fed with forage, RRFF - roasted rabbit fed on forage, URFF — unprocessed rabbit fed
with forage, CRFC - cooked rabbit fed with concentrate, RRFC - roasted rabbit fed with concentrate, URFC —
unprocessed rabbit fed with concentrate, CRFFC - cooked rabbit fed with forage and concentrate, RRFFC -
roasted rabbit fed with forage and concentrate, URFFC — unprocessed rabbit fed with forage and concentrates

Source: experimental data
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The most fatty rabbit meat sample
was the URFC (7.333 mg/100 g) and was
followed by both CRFFC and URFFC with
6.667 mg/100 g. The least fatty rabbit meat
was 3.000 mg/100 g obtained for both RRFF
and URFF. This indicates the significance
of forage feeds in fats reduction and subse-
quently making it healthy type of feed for an-
imals which will subsequently impact health-
iness to the humans that consume the meat.
There is no significant trend in the fat content
of the rabbit thus neither the processing nor

feeding effects on rabbit meat is discernible
in the present study. The rabbit meat sam-
ples (RRFF) returned very high crude fibre
of 12.060 mg/100 mg and majority of the
rabbit meat samples were homoscedastic
(with variance of 0.003). The least crude fibre
(0.167 mg/100 mg) was obtained for RRFFC
(Table 3). The range of the carbohydrate con-
tent obtained in the present study was from
3.26% for CRFF to 17.58% for RRFC while the
energy content fell between 150.46 Kcal for
URFC and 225.867 for RRFFC (Fig. 1).

20 7 CHO Energy r 250
18 +
16 + r 200
14 +
3
5 12 + + 150
10 3
Z107 2
8 &
5 8+ + 100
O
6 £
4+ - 50
2 £
0 ¢ f f f 0
0 2 4 6 8 10

Rabbit meat samples
(1 = CRFF; 2=RRFF; 3 = CRFC; 4 = RRFC; 5= CRFFC; 6 =RRFFC; 7 = URFF;8 = URFC; 9 = URFFC)

Figure 1. Mean carbohydrates and energy obtained for different rabbit meat samples
Note: CRFF - cooked rabbit fed with forage, RRFF - roasted rabbit fed with forage, URFF — unprocessed rabbit
fed with forage, CRFC — cooked rabbit fed with concentrate, RRFC - roasted rabbit fed with concentrate, URFC -
unprocessed rabbit fed with concentrate, CRFFC - cooked rabbit fed with forage and concentrate, RRFFC -

roasted rabbit fed with forage and concentrate, URFFC - unprocessed rabbit fed with forage and concentrates

Source: experimental data

General linear model analysis and mean
separation of the proximate component of
the rabbit

The results of the general linear model (GLM)
analysis returned significant results for all the
proximate composition variables. The statis-
tics, Fy 005 = 34.58, 55,839.90, 17.75, 23.11,
20.85, 12.32 and 12.36 obtained for ash con-

Animal Science and Food Technology. 2024. Vol. 15, No. 4

tent, protein, moisture content, fat, crude fi-
bre, carbohydrate, and energy are significant
(P <0.05 - Table 4). Mean ash of the rabbit
meats were partitioned into 3 significantly
different groups including 1) RRFC with mean
ash of 1.833 was significantly different from;
2) CRFFC, CRFF, and RRFF having mean ash of
1.500; and 3) URFF, RRFC, and URFFC having
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mean ash of 0.500 (Table 4). Protein content
of rabbit meat sample, CRFFC (31.489) was
significantly higher than protein content ob-
tained for CRFC (31.332). Protein content of
other rabbit meat follows the trend of - RRFFC
(30.512) greater than CRFF (30.041) greater

than RRFC (27.380) greater than RRFF (26.740)
greater than URFF (25.143). The least signifi-
cantly different mean protein was obtained for
rabbit sample URFC (17.971) and it was signif-
icantly lesser than protein content of URFFC
(20.358 — Table 5).

Table 4. General linear model of the proximate component analysis of the rabbit meat

Treat ASH | PROTEIN = MOISTR FAT | CRUDEFIBRE | CHO Energy
F-statistics | 34.58"* | 55,839.9%* | 17.75%* | 23.11%* 20.85%* 12,324 | 12.36**
DF 8 8 8 8 8 8 8

RRFC 1.833 27.380: | 48.5001 4333 0.367 17587 | 218.867
CRFC 1.667% | 31.332° | 56.667¢ | 6.333 0.733 43594 | 195.400°
RRFFC 1.667 30.512¢ | 48.367 6.66T° 0.167¢ 13.955% | 225.867°
CRFFC 1.500° 31489 | 52167 | 6.667T° 0.433 7.745% | 216.933
CRFF 1.500° 30.041¢ | 58500 |  5.000° 0.600° 4359 | 182.600°
RRFF 1.500° 26.740' 56.20 3.000¢ 0.500° 12.060° | 182.000°
URFF 0.500¢ 25.143¢ | 62333 |  3.000¢ 0.333% 5.024¢ | 180.667°
URFC 0.500¢ 17.9711 | 65.367° 7.333 0.267¢ 12.060% | 150.467¢
URFFC 0.500¢ 20.358" | 61.000% | 6.667 0.233f 10.575% | 189.733

Note: CRFF - cooked rabbit fed with forage, RRFF - roasted rabbit fed with forage, URFF — unprocessed rabbit
fed with forage, CRFC - cooked rabbit fed with concentrate, RRFC - roasted rabbit fed with concentrate, URFC -
unprocessed rabbit fed with concentrate, CRFFC — cooked rabbit fed with forage and concentrate, RRFFC —
roasted rabbit fed with forage and concentrate, URFFC - unprocessed rabbit fed with forage and concentrates

Source: experimental data

Duncan Multiple Range Test partitioned
the moisture content into 2 independent
classes of the highest moisture content -
URFC (65.367%) and the least moisture con-
tent (RRFC - 48.5% and RRFFC — 48.367%).
Other rabbit meat sample returned moisture
content that formed intermediary classes
between the group 2 (of highest and least
moisture content — Table 4). Duncan Multiple
Range Test partitioned mean fat content into
3 significantly different classes. This includes
the highest significantly different class - URFC
(7.333), RRFFC, CRFFC, and URFFC (6.667), and
CRFC (6.333); the average class consisting of
both CRFF (5.00) and RRFC (4.333); the least
significant class — URFF and RRFF (3.00). Mean
crude fibre obtained for CRFC (0.733) was sig-
nificantly the highest and it is higher than
mean crude fibre obtained for CRFF (0.600)
while mean crude fibre returned for RRFFC
(0.167) was the least (Table 4). Mean crude fibre

obtained for other rabbit meat formed inter-
mediary classes between these classes.

The trend of carbohydrate of the rab-
bit meat is such that RRFC (17.587) > RRFFC
(13.955) > RRFF and URFC (12.06). Both URFF
and CRFC (4.359) were the least significantly
different carbohydrate (Table 4). Three signif-
icantly different groups were formed by the
Duncan Multiple Range Test for the energy
content of the rabbit meat. Mean energy ob-
tained for RRFFC (225.867), RRFC (218.867),
and CRFFC (216.933) were significantly high-
er than mean energy obtained for rabbit
meat CRFC (195.400), URFFC (189.733), RRFF
(182.2), CRFF (182.600), and URFF (180.667).
Mean energy obtained for rabbit meat URFC
(150.467) was significantly the least (Table 5).
These disparities might have been caused by
factors such as age, diet, and breed of the rab-
bits which can also impact the energy content
of the meat.
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Table 5. Descriptive statistics of the mineral content of the rabbit meat

Sample Phosphorous Na K
Mean Variance Mean Variance Mean Variance
CRFF 499.333 1.333 35.998 0 201.009 0
RRFF 355 25 69.309 0.045 368.738 0
URFF 215.667 1.333 50.626 0.045 199.456 7.234
CRFC 260 25 39.686 0 174.607 7.236
RRFC 371.667 8.333 67.957 4.533 284.874 0
URFC 202 7 46.938 0.045 201.009 0.045
CRFFC 115.333 0.333 39.809 0.045 185.464 7.373
RRFFC 333.333 108.333 54.313 0.045 354.761 0
URFFC 305.333 20.333 46.938 0.045 41.267 0
Ca Fe Zn
Samples Mean Variance Mean Variance Mean Variance
CRFF 41.081 0.104 21.262 0 10.763 0
RRFF 48.162 5.106 39.003 0 19.744 0
URFF 41.267 0 21.098 0.081 10.68 0.021
CRFC 24.308 0.104 18.469 0.081 9.349 0.021
RRFC 46.672 0.104 30.133 0 15.253 0
URFC 41.267 0 21.262 0 10.763 0
CRFFC 41.081 0.104 19.618 0.082 9.931 0.021
RRFFC 35.676 0 37.525 0 18.996 0
URFFC 22.576 0.081 22.576 0.081 11.428 0.021

Note: CRFF - cooked rabbit fed with forage, RRFF - roasted rabbit fed with forage, URFF — unprocessed rabbit
fed with forage, CRFC - cooked rabbit fed with concentrate, RRFC - roasted rabbit fed with concentrate, URFC -
unprocessed rabbit fed with concentrate, CRFFC — cooked rabbit fed with forage and concentrate, RRFFC —
roasted rabbit fed with forage and concentrate, URFFC - unprocessed rabbit fed with forage and concentrates

Source: experimental data

Overview of the data for the rabbit meat pa-
rameters (mineral content)

The phosphorous in the rabbit was found to
range between 115.333 for CRFFC and 499.333
for CRFF and they were all heteroscedastic ex-
cept RRFF and CRFC that were homoscedastic
(Table 5). The variance ranged between 0.333
for CRFFC and 108.333 for RRFFC and none
was zero. The trend of phosphorous obtained
in the present study indicated that forage fed
rabbit meat have significantly higher phos-
phorous than the concentrate fed counterpart.
Mean sodium ranged between 35.998 for CRFF
and 69.309 for RRFF with many homoscedastic
groups. The variances obtained for the sodium
canbe partitioned into 2 groups — 0.000 for CRFF
and CRFC, and 0.045 for other rabbit samples
(Table 5). The results of the descriptive analy-
sis of the mean potassium of the rabbit means
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indicated that RRFF returned the highest potas-
sium of 368.738 (mg/100 g) while the least po-
tassium (174.6) was obtained in CRFC. Most of
the rabbit samples (0.56) returned zero variance
while others were heteroscedastic (Table 5).

Mean calcium of the rabbit meat ranged
from 24.30 obtained for CRFC to 48.162 for
RRFF with 3 groups of variances - the hetero-
scedastic (RRFF and URFFC), the zero variance
(URFF, URFC and RRFFC) and homoscedastic
(CRFF, CRFC, RRFC, CRFFC - Table 5). Mean
iron falls between 18.469(unit) for CRFC and
39.003 for RRFF with both zero variance for
CRFF, RRFF, RRFC, URFC and RRFFC and ho-
moscedastic variance (0.081) for URFF, CRFC,
CRFFC, and URFFC (Table 5). Highest mean
zinc (19.744) was obtained for RRFF while the
least mean zinc (9.931) was obtained for CRFFC
and some rabbit meat samples (URFF and
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CRFC =10.680: CRFF and URFC = 10.763) have
the same mean zinc (Table 5). More of the rab-
bit meat samples (0.56) returned zero variance
while the remaining — URFF, CRFC, CRFFC, and
URFFC were homoscedastic (having the same
variance of 0.021 — Table 5). These findings sug-
gest that roasting effectively preserves certain
minerals in rabbit meat, positioning it as the
superior method of preparation.

General linear model (GLM) analysis and
mean separation of the mineral content of
the rabbit meat

The results of the general linear model of the
mineral component of the rabbit meat indi-

cated that there exist significant differences
between the means obtained for the mineral
component. The statistics, F(S,I&O_OS) =1,734.67,
800.13, 5,145.92, 234.17, 5,145.92, and 5,145.92
obtained for phosphorous, sodium, potas-
sium, calcium, iron, and zinc are significant
(P<0.05 - Table 6). Mean phosphorous was par-
titioned into 8 significantly different groups by
DMRT. Mean phosphorous obtained for rabbit
meat of CRFF (499.333) is greater than that of
RRFC (371.667). The least significantly differ-
ent mean phosphorous was obtained for rabbit
meat CRFFC (115.333) and it is significantly
lesser than mean phosphorous obtained for
rabbit meat URFC (202.00 — Table 6).

Table 6. General linear model analysis of the mineral content of the rabbit meat

Treat PhMg Na K Ca Fe Zn
F-Statistics 1,734.67** 800.13** 5,145.92%* 234.17** 5,145.92%* 5,145.92%*
DF 8 8 8 8 8 8
CRFF 499.3332 35.9988 201.009¢ 41.081°¢ 21.262¢ 10.763¢
RRFF 355.000¢ 69.309° 368.7382 48.1622 39.003* 19.7442
URFF 215.6678 50.626¢ 199.456¢ 41.267° 21.098¢ 10.680°
CRFC 260.000¢ 39.686f 174.607¢ 24.308¢ 18.469¢ 9.349¢
RRFC 371.667° 67.957° 284.874¢ 46.672° 30.133¢ 15.253¢
URFC 202.000" 46.938° 201.009¢ 41.267° 21.262¢ 10.763¢
CRFFC 115.333 54.313¢ 185.464f 41.081°¢ 19.618f 9.931f
RRFFC 333.333d 54.313¢ 354.761° 35.6764 37.525° 18.996°
URFFC 305.333¢ 46.938¢ 213.434¢ 41.267° 22.5761 11.428¢

Note: CRFF - cooked rabbit fed with forage, RRFF - roasted rabbit fed with forage, URFF — unprocessed rabbit
fed with forage, CRFC - cooked rabbit fed with concentrate, RRFC - roasted rabbit fed with concentrate, URFC -
unprocessed rabbit fed with concentrate, CRFFC — cooked rabbit fed with forage and concentrate, RRFFC -
roasted rabbit fed with forage and concentrate, URFFC - unprocessed rabbit fed with forage and concentrate

Source: experimental data

Mean phosphorous in other rabbit meat
samples were found in between the two groups
(of highest and the least). Mean sodium ob-
tained for the rabbit meat, RRFF (69.309) is
significantly higher than that mean sodium
returned for rabbit meat RRFC (67.957). The
next significantly different mean sodium of
the rabbit meat was obtained for both CRFFC
and RRFFC (54.313) and are significantly high-
er than mean sodium obtained for rabbit meat
URFF (50.626). The least significantly different
mean sodium (35.998) was obtained for rabbit

meat CRFF and it is significantly lesser than
mean sodium obtained for rabbit meat CRFC
(39.686 — Table 6). The trends of mean po-
tassium partitioning for rabbit meat are such
that; RRFF (368.738) > RRFFC (354.761) > RRFC
(284.874) > URFFC (213.434) > URFC (201.009) >
> URFF (199.456) > CRFFC (185.464) > CRFC
(174.607 — Table 6).

The mean calcium of the rabbit meat, RRFF
(48.162) remained significantly the highest and
it is higher than mean calcium of the RRFC
(46.672). Mean calcium of the RRFC was in turn
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significantly higher than the one obtained for
CRFF, URFF, URFC, CRFFC, and URFFC (41.267)
while the next significantly different mean
calcium was obtained for RRFFC (35.676). The
least significantly different mean calcium was
obtained for CRFC (24.308 - Table 6). Mean
iron returned for rabbit meat RRFF (39.003) re-
mained the highest and it is significantly higher
than mean iron obtained for rabbit meat RRFFC
(37.525) which is, in turn, significantly higher
the mean iron of the rabbit meat RRFC (30.133).
Mean iron in the rabbit meat URFFC (22.576) is
the next significantly different class and it is
higher than the mean iron obtained for CRFF,
URFC (22.262), and URFF (21.098). The least
mean iron was obtained for CRFC (18.469) and it
is significantly less than mean iron of the CRFFC
(19.618 — Table 6). DMRT partitioned mean zinc
into 7 significantly different classes which are
mean zinc obtained for RRFF (19.744) which is
significantly the highest and was followed by
mean zinc of the RRFFC (18.996) and it is, in
turn, significantly different from the mean zinc
returned for RRFC (15.253). Mean zinc obtained
for URFFC was the next significantly different
class and it is different from the mean zinc
obtained for URFC, CRFF (10.763), and URFF
(10.680 — Table 6). The least significant mean
zinc was obtained for CRFC (9.349) and it is sig-
nificantly less than 9.931 obtained for CRFFC.

Discussion

The calcium content in this study is higher
than those obtained (2.7-9.3) by A. Dalle Zotte
& Z. Szendrd (2011). The values of the calcium
fall within the USDA threshold of 18mg (Unit-
ed States Department of Agriculture, Nutrient
lists from standard reference legacy, 2018).
Similarly, the iron (Fe) of the rabbit meat in this
study is higher than the recommended 4.8mg
of the USDA and what was obtained (1.1-1.3) by
A. Dalle Zotte & Z. Szendr6 (2011).

The inverse relationship between the mean
cholesterol and its variance established in the
present study might be responsible for their
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heteroscedasticity. It is evident that process-
ing (roasting or cooking) has significant im-
pact on the vitamin B1 and B2, and cholesterol
obtained from the rabbit meat. This indicates
that the methods of processing used can greatly
affect the nutritional composition of the meat.
This finding is important for researchers and
consumers in order to make informed decisions
about the preparation and consumption of rab-
bit meat. This is in accord with the findings of
M. Nutautaité et al. (2023) that established re-
lationships between mean and variance of some
rabbit meat variables. The mean comparison of
vitamin B2, E, and cholesterol levels in vari-
ous rabbit meat samples of this study provide
further valuable insights into the nutrition-
al benefits of forage-fed rabbit meat. R. Gal et
al. (2022) emphasised the role of rabbit meat
as a functional food due to its high vitamin B
content, aligning with the current findings that
forage-fed rabbits can enhance these levels.
In addition, the function of diet in improving
the nutritional profile of rabbit meat has been
substantiated in various studies (Siudak & Pat-
ka, 2022). Mean proteins (obtained in the pres-
ent study) are in agreement with mean proteins
obtained for livestock meats including rabbit
by B. Suvajdzic¢ et al. (2023) and S. Siddiqui et
al. (2023). The protein content obtained in
the present study are higher than protein con-
tent in rabbit meat reported by A. Gbenge et
al. (2021), J. Ingweye et al. (2021), and M. Suli-
man et al. (2019).

Moisture content has been found to re-
duce with different types of processing (Akin-
dele & Adeosun, 2022). The moisture contents
obtained in the present study were lower than
69.6-79.3% obtained for rabbit in the report
of S. Siddiqui et al. (2023) and in agreement
with the moisture content of rabbit meat in
B. Suvajdzi¢ et al. (2023). The dissimilitude in
the moisture content of rabbit meat in S. Sid-
diqui et al. (2023) and the present study could
not be unconnected to differences in the rab-
bit meat samples and feeding regime in both




Farinde et al.

75

studies. The fat content obtained in the pres-
ent study (3.0-7.333) compared favourably with
J. Adu et al. (2019) and it is higher than the
recommended 3.5 g of the USDA and the fat
content obtained by S. Siddiqui et al. (2023).
Forage diets have been established to contain
more crude fibre than the concentrated feed
(Akindele & Adeosun, 2022) and this coincides
with the findings of the present study. In ad-
dition, the crude fibre obtained in the present
study is slightly lesser than the values estab-
lished by A. Gbenge et al. (2021). This disparity
might have been conditioned by differences in
the treatments to which rabbit were subjected
in the 2 studies. Forage diet is better than con-
centrate diet in terms of promoting healthy di-
gestion and providing a more natural source of
nutrients for livestock. The carbohydrates pro-
vided by complete forage diets as established in
this study is thus in order for non-harmful de-
velopment of the rabbit and it is in agreement
with Z. Siudak & S. Patka (2022). The ash con-
tent found in this study is comparable to that
reported by J. Ingweye et al. (2021) and lesser
than the ash content obtained by A. Gbenge et
al. (2021). The ash content can influence the
overall nutritional balance of the meat. Higher
ash content can indicate a richer mineral pro-
file, which is essential for consumer health (Sid-
diqui et al., 2023). This is particularly important
in diets where meat is a primary protein source.

Forage fed rabbit returned higher crude
fibre than rabbits fed with concentrates. This
might be conditioned by the high fibre content
of the original feed (forage) fed to the rabbit.
Forage diets have been established to contain
more crude fibre than the concentrated feed
(Akindele & Adeosun, 2022). The higher mois-
ture content obtained in the raw unprocessed
rabbits may be attributable to the unprocessed
nature of the samples while the lower mois-
ture content obtained for the processed sam-
ples might be conditioned by the effect of the
processing (cooking and roasting) on the meat
samples and this coincides with reports by

B. Pang et al. (2020). Processing and feed type
influences carbohydrate content of the rabbit
in the present study. The nutritional content of
rabbit meat has been established to be correlat-
ed with the nutritional values of its feed intake
(Yadav et al., 2022). It is obvious from this study
that roasted rabbit meat returned higher potas-
sium than cooked rabbit meat and this is attrib-
utable to leaching of the minerals into the wa-
ter during cooking. It has been established that
minerals (like calcium, sodium, phosphorous,
and zinc) can be lost during cooking (Yadav et
al., 2022). It was also established that the least
of these minerals is lost during roasting (Dal
Bosco et al., 2001). Roasting clearly retained
some of the minerals of the rabbit meat, hence
making it the best among the rabbit meat and it
is in concord with H. Abdel-Naeem et al. (2021).
The phosphorous content obtained in the pres-
ent study is higher than the high phospho-
rous content reported by H. Abdel-Naeem et
al. (2021) and higher than phosphorous of any
other meat in the same report. The zinc content
of the rabbit meat in this study was moderately
higher than those of . Ingweye et al. (2021) and
A. Menon et al. (2023). These findings indicate
that rabbit meat could potentially be a valuable
source of essential minerals such as calcium,
iron, and zinc in the diet.

Lastly, the goal of meat quality estimates
of rabbit as affected by feeding and processing
kind is to evaluate how feeding strategies and
processing methods influence the overall qual-
ity attributes of rabbit meat. These qualities
are critical for enhancing the marketability and
health benefits of rabbit meat consumers. Un-
derstanding these influences can guide produc-
ers in optimising feeding regimens and process-
ing techniques to improve meat quality, thereby
increasing consumer demand and satisfaction.

Conclusions
To enhance the promotion of rabbit meat con-
sumption, a robust strategy involves the de-
velopment of comprehensive information and
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educational programmes that highlight rabbit
meat as a nutritious, flavourful, and premium
food option. This can be effectively accom-
plished by delivering objective and transparent
information regarding rabbit meat production,
with a particular focus on critical aspects such
as safety, quality, and animal welfare. As em-
phasised in the current study, addressing these
issues not only fosters consumer trust but also
encourages informed dietary choices, ultimate-
ly positioning rabbit meat as a viable alterna-
tive in the meat market. Engaging stakeholders
through workshops, cooking demonstrations,
and community outreach can further amplify
awareness and appreciation for rabbit meat,
driving its acceptance and integration into
mainstream culinary practices. Emphasising
the environmental sustainability of rabbit meat
production can play a pivotal role in enhanc-
ing its consumption. The current study illus-
trates how methods such as roasting and for-
aging not only improve the nutritional quality
of rabbit meat but also align with sustainable
practices. This research significantly enriches

understanding of rabbit meat’s nutritional val-
ue, health benefits, and culinary versatility. It
has been demonstrated that rabbit meat serves
as a lean protein source, characterised by low
cholesterol levels and an abundance of essen-
tial nutrients, including iron and B vitamins.
Moreover, the study meticulously documents
innovative processing and feeding methods
that broaden the culinary applications for both
chefs and home cooks. Research into the most
suitable forage species for optimum rabbit pro-
ductivity is recommended for future study.
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AHoranis. M'sco Kposvka Mae BUCOKMi rmonuT y Hirepii 3aBOsKku LiIHHOMY MTOKMBHOMY CKJIay

Ta MIPUEMHUM CMAKOBUM SIKOCTSIM. MeTOI0 I[bOTO JOCTIIKEHHS OY/0 OLiHUTU BIUIMB METOAIB

06pO6KM Ta TUITY TOAIB/II HA MOKMBHY SIKiCTh KPOJSTYOTO M’sica. Tpu rpynu BifmiOpaHUX KPOIUKiB

Oynu mingaHi TPbOM TUIIAM PEXMUMIB TOAiBJi Ta METOLiB MepepoOKyU M’sca, sIKe OL[iHIOBAIOCh
3a BMIiCTOM BiTaMiHiB, XO/jieCTepMHY Ta OCHOBHMMM IOXMBHMMM CKIaQJHMKaMU B yMOBax
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eKCIIepMMEHTY 3a CXeMOIO IOBHOTO paHaoMizoBaHoro 610Ky (Randomised Complete Block
Design experiment). CepenHiit piBeHb BiTaminy B1 konuBagcs Bix 0,092 mr Ha 100 r 111 BapeHOTO
M’siCa KPOJIMKA, SIKOTO TOLYBaaM POCAMHHUM KopmoMm, mo 0,105 mr Ha 100 r mas cuporo m’sca
KpOJIMKA 3 TUM K€ TUIIOM TO/iBJIi, IPU IIbOMY BigxuaeHHs 6ynu Maiike HyJTbOBUMM. PesynbTaT
KJIaCTEPHOTO aHa/Ii3y BMiCTy BiTaMiHiB y KpOJSTUOMY M’SICi TTOKa3asiu, 1[0 TIeYeHe M SICO KPOJIUKa,
SIKOT'O TOYBaIM POCIMHHUM KOPMOM, i 3BapeHe M’SICO KPOJIMKa, IKOr0 rogyBaiy KOMGiHOBaHUM
KOpPMOM, YTBOPIOBaJIM KIacTep Ha HaliMeHIIii BigcTani armomepariii 0,128. Haii6inbiua BigcTanb
armomepariii 24,973 6Gyna oTpuMaHa [JjisI 3BapeHOr0 KpPOJIMKA, SIKOTO TOAYBaay POCIMHHUM
KOpPMOM, i ITIe4eHOro KpojiMKa 3 TaKUM caMuM paiioHoM. CepemHiit BMicT 6iika B M'sici KpoimuKa
3HaXOOMBCS B AiamasoHi Bing 17,971 mas cuporo Kpoimka, SIKOTO TOAYBaiM KOHIEHTpaTaMu, 10
31,489 pgnsi cMaskeHOTO KpPOJMKa, SKOTO TOAYBaIM KOpMaMM Ta KOHILIEHTpaTaMM, a AUCIepcii
YTBOPIOIOTDh 2 Ipyny (TOMOCKeAACTUYHI Ta He3anexxHi). PesynpTaTy aHanisy 3araabHOI JMiHiHOI
MOJIeJTi IToKa3aan F(8,18:0'05)=34,58; 55,839,90; 17,75; 23,11; 20,85; 12,32 i 12,36 mia BMicTy 30511,
6inKka, BOJIOTIM, XXMUPY, CMPOI KJIITKOBUMHM, BYIJIEBOAIB i eHeprii, ski € sHauymmumu (P < 0,05).
MeToau 06po6KY Ta TOAYBAHHS, IK BCTAHOBJIEHO B TAHOMY HOCTiIPKEHH], ITOKPAITyBaIu MOXKUBHY
SIKICTh KPOJISTYOTO M’SICa, L0 MAa€ MpaKTUYHe 3HAYEeHHS [JIs1 3aJOBOJIEHHS MOMUTY CIIOXMUBAUiB,
VIOCKOHAJIEHHSI CTaHAAPTiB SKOCTi B arpapHOMY BWPOOHMIITBI Ta PO3POOKM ONTUMATbHUX
MEeTOZiB 06POOKY

KnrouoBi coBa: TNOXMBHI pEUOBMHM; TOMOCKENACTUYHICTb; MAUCIIEPCisi; KPOJiBHUIIbKE
M ATIPUEMCTBO; KPOJIiBHUIITBO
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