Sokoti

o Journal of Veterinary Sciences, Volume 22 (Number 3). September, 2024

RESEARCH ARTICLE

(P-ISSN 1595-093X: E-ISSN 2315-6201)

http://dx.doi.org/10.4314/sokjvs.v22i3.10

Madziga et al./Sokoto Journal of Veterinary Sciences, 22(3): 214 - 222.

Evaluating the marbling potential of four indigenous Nigerian

cattle breeds

Il Madziga'®2*, AA Adesote?, RJ Tanko?, PP Barje? & AA Voh(Jr)3

1.

3.

National Animal Production Research Institute, Ahmadu Bello University, PMB 1096, Shika - Zaria, Nigeria

2 Universidade Federal de Campina Grande, Brazil

Abubakar Tafawa Balewa University, Bauchi, Nigeria

*Correspondence: Tel.: +2347037063934; E-mail: iimadziga2k@gmail.com

Copyright: © 2024
Madziga et al. Thisis an
open-access article
published under the
terms of the Creative
Commons Attribution
License which permits

unrestricted use,
distribution, and
reproduction in any

medium, provided the
original author and
source are credited.

Publication  History:
Received: 21-06-2024
Revised: 14-08-2024
Accepted: 17-08-2024

Abstract

This study investigated the peculiarities of cattle marbling. Four breeds of cattle were
raised in an experimental setting before being slaughtered. Azawak, Bunaji, Rahaji, and
Sokoto Gudali bulls were used; with an age range of 1% to 2 years old, and their live
weights were 200-235 kg. Through computerized image analysis, marbling features in
the longissimus muscle (LM) and semitendinosus muscle were identified and
categorized. There were variations in the amount, composition, and arrangement of the
marbling specks in both muscles among the breeds. Compared to other breeds, Azawak
bulls have significantly less fat deposited on them. Marbling fleck regions were bigger
(P < 0.05) in Rahaji bulls. Rahaiji still had the largest (P < 0.05) number and the most
consistent (P < 0.05) distribution of the marbling specks. Additionally, when compared
to the other breeds under investigation, the marbling features of Rahaji bulls displayed
a higher quantity and a slightly finer structure, followed by Sokoto Gudali. There was an
increase (P < 0.05) in the proportion of marbling flecks as the structure of the flecks
grew larger (P < 0.05) and coarser. As the proportion and quantity of marbling flecks
increased, the distribution of these particles was regular (P < 0.05). The findings imply
that adipocyte hyperplasia contributes significantly to marbling in cattle during muscle
growth.
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Introduction

Nigeria is by far the biggest livestock producer in
Central and West Africa in terms of both population
and animal production capacity, holding 25% of the
subregion's herds. Nearly twenty-two million
(22,378,374) native cattle make up its national herd;
these are mostly multipurpose breeds (Abubakr,
2022). Adamawa Gudali, Azawak, Bunaji, Keteku,
Kuri, Muturu, N'dama, Rahaji, Shuwa Arab, and
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Sokoto Gudali are some of these breeds which are
mostly Zebu or Bos indicus varieties, are believed to
be in the country's northern regions FAO (2021).

Marbling refers to the white flecks and streaks of
intramuscular fat visible within the lean parts of meat,
resembling a marble pattern. This fat enhances
flavour, tenderness, and juiciness, playing a key role
in determining the quality and grading of meat cuts,
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particularly beef (Tan & Jiang, 2024). Marbling affects
meat’s juiciness, tenderness, texture, and flavour—
attributes that determine the “eating experience.” In
this case, more of the above is better. Intramuscular
fat should not be confused with intermuscular fat,
which is the fat between the muscles. That fat, which
is typically trimmed off, does not enhance a piece of
meat. Marbling has a very positive effect on the
eating quality of some cuts but it is only one of the
many factors affecting eating quality. High-quality
cuts from young cattle that have low marbling can
have good eating quality, however, cuts from high-
marbling carcasses can fail to grade if other factors
are poorly managed. All factors that interact to
determine eating quality need to be managed
together. However, where all else is equal, enhanced
marbling will improve eating quality (MLA, 2018).
Adipocytes implanted in a connective tissue matrix
near a blood capillary network constitute the cellular
component of marbling (Park et al., 2018). Vopri—
Lagreca et al. (2021) discovered a quadratic pattern
for the development of marbling scores in
longissimus muscle (LM). On the other hand, Sperber
et al. (2024) found that both the intramuscular fat
content and the marbling score steadily rise during
growth. As a result, fat in LM does not always build
slowly.

The specific characteristics of marbling are provided
by computerized image analysis (CIA), a technique for
quantitatively quantifying visible fat in muscle (Aredo
et al.,, 2017; Mendizabal et al., 2021; Erena et al.,
2024). A technique developed (Cai et al., 2024) uses
pigmented muscle slices to increase contrast and
allow the distinction between muscle, connective
tissue, and fat. Using this technique allows for the
inclusion of even the smallest marbled particles in the
measurement.

Prior studies by Lamidi et al. (2007) and Madziga et al.
(2013) on institutional beef cattle fattening trials in
Nigeria focused exclusively on the performance of the
Zebu breeds, which tend to fatten at low weights of
roughly 250-330 kg, the weight at which few months
old temperate breeds do. There is currently a dearth
of research in Nigeria on the effects of breed on
marbling features, such as the distribution, size, and
quantity of marbling flecks which can provide new
insights into the accumulation of intracellular fat.
However, according to personal correspondence with
a former Executive Director of the National Animal
Production Research Institute (NAPRI) at Ahmadu
Bello University Zaria, Nigerian cattle breeds are
capable of performing well in terms of marbling.
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During one of the Institute's Seminar series, when he
was still the Executive Director, he stated that the
Azawak breed of cattle has the potential to become
as fat and marbled as the Bunaji (White Fulani) breed.
The acceptance of beef by its consumers is directly
related to sensory attributes including tenderness,
juiciness and flavour and marbling is one of the major
factors perceived for these. To the best of our
knowledge, there is a dearth of information on the
marbling ability of the indigenous cattle breeds in
Nigeria hence the purpose of the current study was to
evaluate the marbling capacity of four breeds of
Nigerian cattle under the same management, based
on the notion that Azawak marbles like Bunaji.

Materials and Methods

Study site

The investigation was conducted at the NAPRI in
Shika, Zaria. Shika is situated in the Northern Guinea
Savanna Zone of Nigeria, between latitudes 11°N and
12°N and longitudes 7°E and 8°E, at an elevation of
640 meters above sea level (Encarta, 2009). The rainy
season, which starts in April or May, settles in June
and lasts until October is well-known for this zone.
Seasonally, the maximum temperature ranges from
27 to 35°C. The average vyearly rainfall is 1100
millimetres, and the relative humidity is about 72%. A
period of cold, dry weather known as harmattan,
which occurs from October to January heralds the
beginning of the dry season. From February to April,
dry, hot weather follows the harmattan. During this
time, the relative humidity is 37%. The research was
conducted between June and September.

Animals and design of experiment

Ten bulls from each of the Bunaji, Rahaji, Sokoto
Gudali, and Azawak breeds were used. The bulls were
1% to 2 years old, with a live weight of between 200
and 235 kg. After the bulls were bought from the
open market in the states of Kaduna, Yobe, and
Sokoto, they were quarantined for eight weeks.
Albebdazole® and Amitix" solution were used to
deworm the bulls and were dipped against endo- and
ectoparasites, one week before the trial started.
Digitaria smutsii hay served as the experiment's basal
diet, and a concentrate consisting of 20% cotton
seedcake, 60% maize offal, and 20% poultry litter was
used (Table 1).

The bulls were kept in individual pens in a completely
randomised design (CRD) arrangement, with each
breed serving as a treatment. At 9.00 hours, the
animals were fed their diets following the collection
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Table 1: Chemical composition (%) of Digitaria smutsii hay, maize offal, poultry litter, cotton seed cake and the

concentrate diet

Ingredients

Nutrients% D. Smutsii  Maize offal Cottonseed cake  Poultry Litter  Concentrate diet
Dry Matter 92.72 91.92 92.99 92.71 92.37
Organic matter 83.90 81.87 88.01 65.05 80.82
Crude protein 5.86 14.31 30.88 26.13 19.63
Ether Extract 4.05 8.03 11.05 4.40 10.01
Crude Fibre 41.09 31.21 37.23 21.05 27.40
Neutral Detergent Fibre 68.89 53.92 50.21 60.26 35.95
Acid Detergent Fibre 42.35 34.99 42.35 35.95 51.27
Ash 8.82 10.05 4.98 27.66 11.55
ME (MJ/kg DM) 11.03 10.88 11.51 11.09 10.52

The ME values of the experimental feeds’ ingredients were calculated as per Alderman & Contril (1985) as follows:
ME = (MJ/kg DM) 11.78+0.00654CP+ (0.000665EE)? — CF (0.00414EE) -0.0118A
Where DM = Dry Matter, CP = Crude Protein, EE = Ether extract, CF = Crude Fibre, A= Ash

and weighing of the refusals from the previous day's
feeding. Prior to hay ad libitum, each animal was fed
a concentrate ration equivalent to 2% of its body
weight at each meal. Each animal's concentration
feeding trough received a cube of mineral salt. The
animals were given 30L of fresh water each morning.
To determine the voluntary feed intake, daily records
of the amount of feed provided and refused were
taken. Every two weeks, the bulls' weights were
recorded, and the amount of feed provided was
modified correspondingly. At the start and finish of
the experiment, their starting and final weights were
recorded. The study lasted for ninety days.

Tissue collection

After the animals were slaughtered, LM and
semitendinosus muscles were harvested from the left
side of the carcasses and were refrigerated at 4°C for
24 hours. After removing any extra fat, the carcass
was reweighed. Two 2 cm thick muscle slices were
extracted from LM's 12%" ribs and the thickest part
(muscular belly — middle portion) of the
semitendinosus muscle. A single muscle slice was
used to determine the fat content. Before being
immersed in the oil red O stain solution for six to eight
hours, muscle slices were fixed in 5% formaldehyde,
cut into smaller pieces (2 mm), and rinsed in distilled
water for at least twelve hours. The parent solution of
oil red O was made by dissolving 0.5 grams of stain in
100 milliliters of pure isopropanol. This was diluted
3:2 (3 parts oil red 0 solution to 2 parts water) using
distilled water and filtered to achieve a usable
solution. Staining slices were rinsed for a minimum of
12 hours, differentiated with 70% isopropanol for two
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to four hours with continuous, and then rinsed for an
extra night, as stated by Cai et al. (2024).

Marbling

Using photographic standards, marbling was graded
on a 6-point scale, with 1 representing extremely low
marbling and 6 representing extremely high marbling.
Only one skilled operator completed the scoring to
exclude subjective variations between operators.

Computerized image analysis (CIA)

According to Cai et al. (2024), a CIA system
(Quantimet 570, Cambridge Instruments, Leica, Bens-
heim, Germany) was used to quantify the marbling
features in the images taken with a color video
camera (DXC-930P, Sony, Japan). To put it briefly, the
measurement began with the cross-sectional area of
the muscle. Later, a preprocessing method improved
the transitions between the muscular backdrop and
the marbling particles. The number of marbling flecks,
the proportion of marbling fleck area (calculated by
dividing the total marbling fleck area by the area of
muscle), and the size of marbling flecks (calculated by
calculating the average marbling fleck area) were the
three quantitative marbling characteristics that were
ascertained as a result.

There were three measurements made of the
structural characteristics: 1) the maximum skeleton
line length of marbling flecks; 2) the proportion of the
three largest areas (found by dividing the total
marbling fleck area by the sum of the three largest
areas); and 3) the proportion of long marbling flecks
(found by dividing the total marbling fleck area by the
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total number of long-shaped areas (identified by a
shape factor).

The two distribution traits that were examined were:
1) the number of marbling flecks and 2) the regions of
marbling flecks. Lower values indicate a more even
distribution for the latter two features, which were
computed as coefficients of variation of the number
or total marbled fleck area in 8 (LM) or 4
(semitendinosus muscle) regions of the muscle cross-
section.

Statistical analysis

The General Linear Model technique of the Statistical
Analysis System (SAS, 2002) was used to examine all
study data to assess the performance of the four
cattle breeds. Significant differences between
treatment means were compared using the SAS
package's Duncan Multiple Range Test.

Yi=p+ Bi + ejywas the feed intake model that was em
ployed.

Where ej; stands for random error, Bi for the breed's
effectson 1, 2, 3, and 4, u for overall mean, and Y;j; for

Table 2: Fat content and marbling scores of samples in LM of different cattle breeds

breed observations. Every statistical test was
conducted with a 5% probability threshold.

Results

Table 2 displays the fat content and marbling.
According to the findings, Rahaji had the greatest
(P<0.05) fat level at 1.98%, while Azawak had the
lowest fat percentage at 1.12%. In the same vein, the
marbling reveals that the Bunaji breed had the lowest
value (1.21) while Rahaji had the highest value (1.8).
As shown in Table 3, the proportion of the marbling
fleck area and the number and size of the marbling
flecks increased (P<0.05) in the muscle cross-sections
of both muscles. This development is different among
breeds. In the longissimus muscle (LM), Rahaji had
the greatest (P<0.05) value (8.7%) and Azawak and
Bunaji had the lower marbled fleck numbers,
according to Table 3's distribution. In the same vein,
Rahaji had The largest marbling fleck area in LM
(11.5%), whereas Azawak and Bunaji had lower
values. The distribution of marbled flecks in the
semitendinosus muscle was highest (P<0.05) in Rajaji
and lowest (P<0.05) in Azawask and Bunaji (9.78%).
Rahaji had the highest

(P<0.05) marbled fleck

Breed area distribution
Trait Azawak Bunaji Rahaji S/Gudali (27.2%).  Additionally,
. N N . ) the results indicate that
Fat content (%) 1.12$0.012°  1.34:0.014°  1.98+0.022°  1.690.018 Rahaji had the largest
Marbling 1.5+0.016" 1.2+0.013° 1.8+0.02° 1.6+0.017° proportion of marbled
fleck area in LM

No of samples 10.0+£0.111 10.0+£0.111 10.0+£0.111 10.0+0.111

(P<0.05) at 75%, while

2 b Means bearing different superscripts within the same row differ significantly

(P<0.05)

Azawak had the lowest
value, recorded at

Table 3: Distribution and proportion of marbling fleck area located ventral in LM and cranial in semitendinosus

muscle of different cattle breeds

Trait Breed

Azawak Bunaji Rahaji S/Gudali
Distribution
LM
Distribution of marbling fleck number 3.5+0.039° 3.6+0.04° 8.7+0.089° 7.8+0.087°
(%)
Distribution of marbling fleck areas (%) 7.8+0.087°¢ 8.7+0.089°¢ 11.540.127° 10.5+0.117°
Semitendinosus
Distribution of marbling fleck number 10.8+0.12° 9.7+0.107¢ 18.70.207° 11.1+0.123°
(%)
Distribution of marbling fleck areas (%) 19.14+0.212¢ 19.8+0.22° 27.2+0.302° 20.3+0.226"
Proportion of marbling fleck area
LM
Proportion of marbling fleck area (%) 62.5+0.694¢ 63.1+0.701°¢ 75.0+0.833° 67.9+0.744°

b Means bearing different superscripts within the same row differ significantly (P<0.05)
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Table 4: Quality and structure traits of marbling in LM and semitendinosus muscle of different cattle breeds

Trait Breed

Azawak Bunaji Rahaji S/Gudali
Quantity
LM
Proportion of marbling fleck 3.21+0.035°¢ 3.22+0.035° 3.92+0.044° 3.51+0.039°
area (%)
Number of marbling flecks 166+1.844°¢ 167+1.855¢ 287+3.188° 254+2.822°
Size of marbling flecks (mm?) 0.97+0.011°¢ 0.99+0.011°¢ 1.32+0.015° 1.12+0.012°
Semitendinosus
Proportion of marbling fleck 2.14+0.024° 2.17+0.024° 2.60+0.029° 2.56+0.0282
area (%)
Number of marbling flecks 71+0.789°¢ 73+0.811°¢ 114+1.267° 85+0.944°
Size of marbling flecks (mm?) 1.05+0.011¢ 1.0840.012¢ 2.05+0.023? 1.96+0.022°
Structure
LM
Proportion of 3 largest 26.6+0.296°¢ 28.7+0.318° 36.7+0.408° 29.2+0.324°
marbling fleck areas (%)
Length of maximum skeleton 3.38+0.038°¢ 3.4040.038¢ 6.01+0.067° 4.78+0.053°
line (mm)
Proportion of long marbling 50.5+0.561°¢ 57.2+0.636° 68.3+0.758° 66.6+0.74°
flecks (%)
Semitendinosus
Proportion of 3 largest 38.840.426 39.840.442° 47.8%+0.531 40.8+0.453°
marbling fleck areas (%)
Length of maximum skeleton 3.304+0.0367¢ 3.3440.0379¢ 5.39+0.599° 5.09+0.066°
line (mm)
Proportion of long marbling 55.6+0.618°¢ 56.9+0.632° 76.210.847° 75.9+0.843°

flecks (%)

2.b Means bearing different superscripts within the same row differ significantly (P<0.05)

62.5%. The fraction of marbling fleck area in the
semitendinosus muscle reveals that Bunaji recorded
the lowest value at 68.7%, while Rahaji still maintains
the highest value at 83.6% (P<0.05). According to the
quality and structural characteristics of marbling in
the LM and semitendinosus muscle of the cattle
breeds shown in Table 4, Rahaji had the largest
(P<0.05) number of marbling flecks in both muscles,
with 2.6 % in the semitendinosus muscle and 3.92 %
in the LM muscle. The next highest (P<0.05) was
obtained by Sokoto Gudali, followed by Azawak and
Bunaji. Rahaji exhibited the greatest (P<0.05) count of
marbling flecks in both muscles (287 in the LM and
114 in the semitendinosus muscle). Sokoto Gudali,
with 254 in LM and 85 in semitendinosus muscle,
came next. With 166 in the LM and 71 in the
semitendinosus muscle, Azawak had the lowest count
in both muscles. The proportion of the 3 largest
marbling fleck areas Table 4) is great if the marbling is
dominated by large marbling flecks. The proportion of
the 3 largest marbling fleck areas in the LM decreased
(P < 0.05) during growth. The proportion of the area
of long marbling flecks in LM increased during growth
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in all the breeds. However, Azawak and Bunaji bulls
showed no changes (P > 0.05) in this trait in LM. This
trend of marbling flecks becoming longer as the
fattening days increased was clearer in the
semitendinosus muscle. In all 4 breeds, the
proportion of the area of long marbling flecks
increased (P < 0.05) during growth.

Rahaji had the largest marbling flecks (P<0.05) in both
muscles (1.32 mm? in the LM and 2.05 mm? in the
semitendinosus muscle), according to the evaluation
of fleck size. In both muscles, Azawak had the smallest
specks (0.97 mm? in the LM and 1.05 mm? in the
semitendinosus muscle). Rahaji possessed the
greatest (P<0.05) percentage of the three largest
marbling fleck areas in both muscles (36.7% in the LM
muscle and 17.8% in the semitendinosus muscle) in
terms of structure. Rahaji also had the longest
maximum skeleton line (P<0.05) (6.01 mm?in LM and
5.39 mm? in semitendinosus muscle). In Rahaji and
Sokoto Gudali, the long marbling fleck proportion was
highest (P<0.05) in both muscles (68.3 and 66.6% in
LM and 76.2 and 75.9% in semitendinosus muscle).
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Discussion

Differences existed in most of the parameters
considered in the current study. These variations are
in line with the findings of many researchers. The
current study's results on fat content and marbling
align with those of Martinez et al. (2023), who found
a favourable correlation between beef cow fat
content and marbling scores. Similarly, Park et al.
(2018) discovered a correlation between increased
marbling ratings and increased longissimus muscle fat
content. The results of this study support those of Lee
& Choi (2019), who found a positive correlation
between marbling scores and the marbling fleck
distribution for quantity attributes of marbling. In a
similar line, Kim et al. (2020) study discovered a
correlation between increased marbling fleck area
and increased fat content in the LM.

The results of this study's evaluation of the marbling
structural attributes in LM and Semitendinosus
muscle are consistent with those of Lee & Choi
(2019), who found that more developed marbling
structure in beef cattle was associated with higher
levels of marbling quality and fat content. The current
study's findings also support a report by Park et al.
(2018) that found a correlation between greater
marbling scores and larger marbling flecks. Since the
weight of the animal at slaughter impacts the carcass
yield and, consequently, the fat content and the
marbling ability, the variations in the results obtained
in the parameters evaluated across all the breeds in
this study may be related to breed-specific weight
variances (Nguyen et al., 2021). The outcome of this
study validates the findings published by Peciulaitiené
et al. (2015) about the impact of age and pre-
slaughter weight of various dairy breeds and their
hybrids with beef breeds on carcass muscularity class
and carcass yield.

Research on the correlation between marbling and
meat quality frequently refers to eating quality, which
is measured by tenderness, juiciness, and flavour, as
well as subjective marbling scores (Thompson, 2004;
Shahrai et al., 2021). Marbling has more of an impact
on flavour and juiciness, with a relatively little and
varied effect on tenderness (Warner et al., 2021). As
a result, meat graders in abattoirs evaluate marbling
as a reliable indicator of meat quality. An earlier
guantitative and morphological study of i.m. fat
accumulation in cattle LM was presented by Jaborek
et al. (2023). A great deal of work has gone into
creating techniques to improve the impartiality and
repeatability of marbling evaluation.

The prediction of beef's internal fat content or
marbling score is already being done using
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computerized image analysis (Ozkaya., 2012; Stinga
et al., 2020; Aredo et al., 2017). The most
recommended technique for obtaining these data is
the CIA.

In comparison to subjectively rated marbling in beef
(Cai et al., 2024) and pork (Teixeira et al., 2021),
marbling features measured by the CIA present a far
more diverse image (Figure 1). By using the CIA to
estimate the size of marbling specks, Erena et al.
(2024) divided them into three size classes. There
were more little marbling particles. Nonetheless,
there was a larger summed fat area from the big
marbling specks. Furthermore, they concluded that
the big marbling specks exaggerate the marbling
scoring. In the current study, we also found that the
appearance of greater fat streaks overestimates
marbling. On the other hand, marbling is undervalued
if there are only a few tiny marbling flecks. However,
the presence of membrane phospholipids and muscle
fiber lipids in the retrieved fat further limits the
precision of the chemical extraction techniques.
Stain-treated muscle slices can be objectively
measured without any restrictions of any kind. A
single, tiny, marbled fleck made up of a few
adipocytes can provide a different outcome than
zero. As a result, the CIA statistics are clearer and
more helpful for comparing breeds and changes
across time.

Most research on marbling development focuses on
LM and the final stage. Regressing marbling scores
versus days on feed, Vopri—-Lagreca et al. (2021)
demonstrated that marbling developed quadratically
before reaching a plateau, which occurred when
animals reached their genetic potential to deposit
intramuscular fat. Pefia et al. (2013) demonstrated in
their tests that, animals with high marbling at
slaughter had higher beginning values and increased
at a faster rate of marbling over a 180-day feeding
period. Sperber et al. (2024) came to a similar
conclusion that fat in LM is not always a late-
developing trait. Their findings demonstrated that
there is a continuous rise in i.m. fat during growth
when regressed as a growth component over HCW.
Park et al. (2018) proposed in their study that
producers should concentrate on initiating more
preadipocytes in the muscles of animals that are
genetically predisposed to marble. These
preadipocytes differentiate and fill with lipids to
create evident marbling during finishing. Additionally,
Tan & Jiang (2024) reported that there is a phase of
preadipocyte hyperplasia in addition to a significant
hypertrophy of adipocytes during the postnatal
expansion of intraperitoneal fat. Our findings on the
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quantity of marbling flecks imply that hyperplasia is a
significant factor in marbling. Only with the
recruitment and filling of preadipocytes do new
marbling flecks form.

According to the results of this study, there is more
fat in the semitendinosus muscle compared to
previously published data on this topic (Picard &
Gagaoua, 2020). This means that semitendinosus has
a larger percentage of marbling fleck area. Drey et al.
(2019) reported that the semitendinosus muscle
experiences a smaller rise in fat content throughout
growth. A lower mean size results from LM because
more little marbling flecks—that is, smaller marbling
flecks—are formed and marbling fat has a finer
structure and a more uniform distribution of marbling
flecks throughout the muscle cross-section. The
reason that could be advanced for the differences in
the results of the present study and previous studies
might be due to breed and management as well as the
environment as all these are factors that affect
marbling. More important is the method employed as
it does not give the exact results but an estimate.
The development of fat depots is similar in both
muscles, beginning in the deeper layers of the muscle,
near large blood vessels, where nutrients are better
provided. Li et al. (2020) described a connection
between the size of arterioles and the size of fat
depots. In the semitendinosus muscle of the
investigated breeds in the current study, often large
blood vessels were surrounded by fat and located
near the branching points of the large connective
tissue streak. These little marbling particles combined
into a single, thick streak in bigger animals. Further
flecks of marbling were visible at a considerable
distance from the central major blood vessels in the
tertiary muscle fibre bundles.

In conclusion, the CIA data not only accurately depict
the subjectively determined marbling score in an
objective setting, but also bridged the gap between
the macroscopically observed marbling and the
microscopically observable adipocytes. The given
results demonstrate marbling in several cattle breeds
concerning the number, structure, and distribution of
marbling flecks for the first time using CIA hence the
hypothesis that Azawak marbles like Bunaji is proven
although both breeds marble
less than Rahaji and Sokoto Gudali.

Acknowledgement

The authors are grateful to the Executive Director and
Management of the National Animal Production
Institute, Ahmadu Bello University, Zaria for funding
this research. All staff of the Beef Research

220

Programme, NAPRI are being appreciated for

managing the bulls.

Funding

This research was funded by the National Animal
Production Research Institute, Ahamdu Bello
University, Shika—Zaria, Nigeria.

Conflict of Interest
The authors declare that there is no conflict of
interest.

References

Abubakr MM (2022). Federal Government (FG) to
support Northeast Livestock Sector with
vaccines, https://sciencenigeria.com/fg-to-
support-northeast-livestock-subsector-
with-free-vaccines/, retrieved 26-09-2023.

Alderman FG & Contril BR (1985). Energy and Protein
Requirements of Ruminants. An Advisory
Manual Committee on Responses to
Nutrients. CAB International, Insllingford,
UK. Pp 73-83.

Aredo V, Veldsquez L & Siche R (2017). Prediction of
beef marbling using Hyperspectral Imaging
(HSI) and Partial Least Squares Regression
(PLSR). Scientia Agropecuaria, 8(2): 169 —
174.

Cai J, Lu Y, Olaniyi
E, Shangshang Wang C, Chelsie Dahlgren C,
Derris Devost-Burnett C & Thu Dinh d
(2024). Beef marbling assessment by
structured-illumination reflectance imaging
with deep learning. Journal of Food
Engineering,
do0i.10.1016/j.jfoodeng.2024.111936.

Drey LN, Prill LL, Olson BA, Rice EA, Gonzalez JM,
Vipham JL, Houser TA, Boyle EAE & O’Quinn
TG (2019). Evaluation of marbling and
enhancement’s abilities to compensate for
reduced beef palatability at elevated
degrees of doneness. Journal of Animal
Science, 97(2): 669-686.

Erena T, Belay A, Hailu D, Asefa BG, Geleta M & Deme
T (2024). Modeling of Ethiopian beef meat
marbling score using image processing for
rapid meat Grading. Journal of Imaging,
d0i.10.3390/jimaging10060130.

FAO (2021). Food and Agricultural Organization of the
United Nations. Nigeria Agriculture at a
Glance. https://www.fao.org/nigeria/fao-in-
nigeria/nigeria-at-a-glance/en/,  retrieved
20-06-2024.



https://sciencenigeria.com/fg-to-support-northeast-livestock-subsector-with
https://sciencenigeria.com/fg-to-support-northeast-livestock-subsector-with
https://sciencenigeria.com/fg-to-support-northeast-livestock-subsector-with
https://doi.org/10.3390/jimaging10060130
https://www.fao.org/nigeria/fao-in-nigeria/nigeria-at-a-glance/en/
https://www.fao.org/nigeria/fao-in-nigeria/nigeria-at-a-glance/en/

Sokoto Journal of Veterinary Sciences, Volume 22 (Number 3). September, 2024

Jaborek JR, Fluharty FL, Lee K, Zerby HN & Relling AE
(2023). Lipid metabolism mRNA expression
and cellularity of intramuscular adipocytes
within the Longissimus muscle of Angus- and
Wagyu-sired cattle fed for a similar day on
feed or body weight endpoint. Journal of
Animal Science, doi.10.1093/jas/skac371.

Kim HW, Lee SH & Kim BC (2020). Marbling fleck area
and its relationship with fat content in beef
cattle. Journal of Animal Science and
Technology, 62(2): 1- 9.

Lamidi OS, Adamu AM, Ehoche OW & Alawa JP (2007).
Replacement value of Sundried broiler litter
for cotton seed cake in the fattening diets for
Bunaji bulls. Journal of Animal Production
Research, 20(1 & 2):99-112.

Lee B & Choi YM (2019). Correlation of Marbling
Characteristics with Meat Quality and
Histochemical Characteristics in Longissimu
s Thoracic Muscle from Hanwoo Steers.
Food Science of Animal Resource, 39(1):151-
161.

Li X, Fu X, Yang M & Du G (2020). Enhancing
intramuscular fat development via targeting
fibro-adipogenic progenitor cells in meat
animals: Review. Animal, 14(2): 312-321.

Madziga Il, Alawa CBI, Lamidi OS, Goska DY & Adesote
AA (2013). Feedlot assessment of four
indigenous breeds of cattle in Nigeria.
International Journal of Live Science and
Medical, 3(1): 35-38.

MLA (Meat and Livestock Australia) (2018). Meat
standards Australia, 07,
https://www.mla.com.au/globalassets/mla-
corporate/marketing-beef-and-
lamb/documents/meat-standards-
australia/msa07-beef-tt the-effect-of-
marbling-on-beef-eating-quality-Ir.pdf,
retrieved 17-06-2024.

Martinez HA, Miller RK, Kerth C & Wasser BE (2023).
Prediction of beef tenderness and juiciness
using consumer and descriptive sensory
attributes. Meat Science,
do0i.10.1016/j.meatsci.2023.109292.

Mendizabal JA, Ripoll G, Urrutia O, Insausti K, Soret B
& Arana A (2021). Animals,
doi.10.3390/ani11102897.

Microsoft Corporation. (2009). Encarta Encyclopedia
[CD-ROM)]. Microsoft Corporation.

Nguyen DV, Nguyen OC & Malau-Aduli AEO (2021).
Main regulatory factors of level in beef
cattle. Veterinary & Animal Science,
doi.10.1016/j.vas.2021.100219.

221

Ozkaya S (2012). Accuracy of body measurements
using digital image analysis in female
Holstein calves. Animal Production
Science, 52(10): 917-920.

Park S J, Beak SH, Jung DJS, Kim SY, Jeong IH, Piao MY,

Kang HJ, Fassah DM, Na SW, Yoo SP & Baik

M (2018). Genetic, management, and

nutritional factors affecting intramuscular

fat deposition in beef cattle — A review.

Asian-Australassian  Journal of Animal

Science, 31(7): 1043-1061.

Molina A, Judrez M, Requena F, Avilés C,

Santos R, Domenech V & Horcada A (2013).

Use of serial ultrasound measures in the

study of growth- and breed-related changes

of ultrasonic measurements and relationship
with carcass measurements in lean cattle

breeds. Meat Science, 96: 247-255

Peliulaitiené N, Jukna V, Meskinyté-Kausiliené E,

Kerziené S & Moleikaitiené S (2015). Effects

of weight and age on carcass yield and

conformation of cattle. Biotechnology in

Animal Husbandry, 31 (1): 73-84.

B & Gagaoua M (2020). Muscle Fiber

Properties in Cattle and Their Relationships

with Meat Qualities: An Overview. Journal of

Agriculture and Food Chemistry,

do0i.10.1021/acs.jafc.0c02086.

SAS (2002). Statistical Analysis System. Guide for
Personal Computers, Version 9. SAS
Institute, Inc. Carry, N.C. The USA.

Shahrai NN, Babji AS, Maskat MY, Razali AF & Yusop S
M (2021). Effects of marbling on physical and
sensory characteristics of ribeye steaks from
four different cattle breeds. Animal
Bioscience, 34(5): 904-913.

Sperber JL, Bondurant RG, Erickson GE, Bruns K,
Funston RN & MacDonald JC (2024). Effect of
extended days on feed on carcass gain,
efficiency, and quality of individually fed
beef steers. Translational Animal Science,
doi.10.1093/tas/txae081.

Stinga L, Bozzo G, Flco G, Savrino AE, Barrasso R,
Negretti P, Biaconi G & Tantillo G (2020).

Pefia F,

Picard

Classification of bovine carcasses. New
biometric remote sensing tools. Italian
Journal of Safety,

doi.10.4081/ijfs.2020.8645.

Tan Z & lJiang H (2024). Molecular and Cellular
Mechanisms of Intramuscular Fat
Development and Growth in Cattle.
International Journal of Molecular Sciences,
d0i.10.3390/ijms25052520.


http://dx.doi.org/10.1016/j.meatsci.2013.07.012
http://dx.doi.org/10.1016/j.meatsci.2013.07.012
http://dx.doi.org/10.1016/j.meatsci.2013.07.012
http://dx.doi.org/10.1016/j.meatsci.2013.07.012
https://doi.org/10.1021/acs.jafc.0c02086
https://doi.org/10.3390/ijms25052520

Sokoto Journal of Veterinary Sciences, Volume 22 (Number 3). September, 2024

Teixeira A, Silva SR, Hasse M, Almeida JMH & Dias L Effect of placement weight and days on feed
(2021). Intramuscular fat mprediction using of feedlot cattle performance and traits.
color and image analysis of bisaro pork Livestock Science,
breed. Foods, doi.10.3390/foods10010143. d0i.10.1016/j.livsci.2020.104392.

Thompson JM (2004). The effects of marbling on Warner R, Miller R, Ha M, Wheeler T, Dunshea F, Li X,
flavour and juiciness scores of cooked beef, Vaskoska R & Purslow P (2021). Meat
after adjusting to a constant Tenderness: Underlying mechanisms,
tenderness. Animal  Production  Science, instrumental measurement, and sensory
44(7): 645-652. assessment. Meat and Muscle Biology,

Vopri — Lagreca G, Gelid LF, Alende M, Bressan ER, d0i.10.22175/mmb.10489.

Pordomingo AB & Pordoming AJ (2021).

222



