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ABSTRACT

Mutton is expensive, especially during Muslim festivals. There is a need to increase the value of
mutton into value-added products. This study aimed to evaluate the influence of different types of
muscles on the physical, chemical, sensory and microbiological properties of suya.
Three different types of muscles (Semitendonisus (ST), Deltodius (DT) and Adductor (ADD)) were
harvested from the carcasses of fattened Balami rams. The muscles were grouped into three
treatments (ST, DT and ADD) to evaluate for physical properties of mutton and studying the
changes in the chemical compositions of suya. The microbiological and sensory attributes of the
mutton were measured.
The Water Holding Capacity was highest (P<0.05) in DT (78.17±9.83%) followed by ADD
(77.21±9.63%) and least in ST (68.10%). The PY was highest in the DT with a value of
73.83±3.65%, and the lowest was 69.81±2.64% for ST. There were significant differences (P≤
0.05) among the treatments  in chemical analyses; indicated that suya samples from ST muscle
had the highest percentage of moisture (23.01±0.51%) compared to the lowest percentages of DT
(22.46±0.42%) and ADD treatments (22.43±0.37%) and high protein contents were in ADD
(50.14±0.47%) treatment, while lowest contents were in DT (49.44±1.06%) treatments. Suya
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samples from ST treatments contained the lowest content of cholesterol (48.67±5.40 mg/100 g),
while DT treatments contained the highest content of cholesterol (53.08±3.96 mg/100 g). However,
there were significant differences when compared with suya samples from the DT muscles. This
study revealed significant effects of muscles on physical, chemical indices and organoleptic
properties of suya due to variation in the muscle fibre.

Keywords: Mutton; Suya; semitendinosus; deltodius and adductor; y; product yield.

1. INTRODUCTION

The nutritional quality is primarily determined by
the chemical composition of muscle tissue and
post-mortem biochemical changes that lead to its
conversion into the meat. Muscle and connective
tissues are the most abundant tissues in meat,
their properties and relative proportion of each
tissue are responsible for the leanness and
quality of meat [1]. The structure and
composition of muscle result in major differences
in meat qualities. Therefore, the hierarchy
between the most desired qualitative
components varies. Meat quality has always
been important to the consumer, and it is an
especially critical issue for the meat industry. As
consumer demand for high-quality meat is
increasing, the meat industry should consistently
produce and supply quality meat that is safe and
healthy for the consumer to ensure continued
consumption of meat products.

Mutton production remains one of the potentials
of high-quality protein to meet the increasing
demand for meat products. The amount of
saturated fat is less than the total amount of
unsaturated fat it contains with improves blood
cholesterol levels (Suman and Joseph, 2014).

Processing helps in producing varieties and
convenient meat products to meet various
lifestyle requirements, while preservation aided
by processing extends the shelf-life of meat and
meat products [2]. Suya is primarily prepared
from the boneless meat of animals [3]. Muscles
meat of almost any kind can be used to increase
its keeping quality.

It is believed that there is a relationship between
the properties of muscles and physicochemical
traits of meat. In light of this, the current study
aimed at comparing the effects of muscle
types on physicochemical properties, sensory
evaluation and microbiological qualities of suya
produced from Semitendinosus (ST), Deltodius
(DM) and Adductor (ADD) muscles harvested
from carcasses of fattened Balami rams.

2. MATERIALS AND METHODS

2.1 Meat Preparation

Mutton used for this study were the
Semitendinosus (ST), Deltodius (DM) and
Adductor (ADD) muscles harvested from the
carcasses of fattened Balami rams (average age
of 14 to 16 months) slaughtered by the Halal
method at the slaughter-house of the Department
of Animal Science, University of Ibadan. The
slaughtered animals were conventionally skinned
and eviscerated. Meat samples were packed in
polyethene bags and kept in ice bag, transported
to the meat laboratory for analysis. On arrival at
the laboratory, the external fat, bone and
connective tissues were removed from the meat,
and then samples from each muscle were
collected for physical attribute determinations. All
analyses were performed in triplicate.

2.2 Physical Evaluation

2.2.1 Water-holding capacity (WHC)

WHC of meat samples from the ST, DT and ADD
muscles were determined with press method as
slightly modified by Suzuki et al. [4]. An
approximately 1g of meat sample was placed
between two 9cm Whatman No.1 filter papers
(Model C, Caver Inc, Wabash, USA). The meat
sample was then pressed between two 10.2 X
10.2 cm2 plexi glasses at about 35.2 kg/cm3

absolute pressure for 1 minute using a vice. The
meat samples were removed and oven dried at
105oC for 24 hours to determine the moisture
content. The amount of water released from the
meat samples was measured indirectly by
measuring the area of filter paper wetted
relative to the area of pressed meat samples.
Thus, water holding capacity was calculated as
follows:

WHC = 100 – (Aw – Am) x 9.47 X 100
Wm X Mc
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Where:

Aw = Area of water released from meat
samples (cm2)

Am = Area of meat samples (cm2)
Wm = Weight of meat samples (g)
Mc = Moisture content of meat samples (%)
9.47 = a constant factor

2.2.2 Cooking loss (CL %)

Meat sample (150 g) was placed in a tightly
sealed polyethene oven bag and heated in a
water bath at 75°C until an internal temperature
of 71°C (as indicated by a thermocouple) was
achieved. The Cook-out was drained and the
cooked mass was cooled, dried with filter paper
and reweighed. The CL was expressed as the
percentage loss related to the initial weight [5].

2.2.3 Shear force (kg/cm2)

Measurement for shear force value as an
indication of meat tenderness was carried out
using Warner-Bratzler Shear force (WBSF)
apparatus. Samples were cooked into
polyethene bags in a water bath using the same
cooking method as for cooking loss
determination. After cooling, 3–5 muscle cores (1
cm x 1 cm x 3 cm) were cut parallel to the long
axis of the muscle fibres, and WBSF values were
taken on the cores.

2.3 Preparation of Ingredient for Suya
(tsire)

Spices and other additives used for the
preparation of ingredient for suya (tsire) were
purchased individually from Bodija Market,
Ibadan, Nigeria. All the spices were sundried,
milled and mixed thoroughly with powdered
groundnut cake and seasoning as shown in
Table 1.

2.3.1 Preparation of Suya

The ingredient was spread on a clean, dry tray
and each stick of meat was properly dusted with
the ingredient [6]. An individual suya stick, which
was about 30 cm long, was weighed and the thin
sheets of meat inserted into the suya stick. A
total of 60 sticks of suya were prepared from
each muscle type. The weight of ingredient
ranged from 16.00-20.00 g, while the weight of
suya before roasting for 20-25 minutes ranged
from 109 g-126 g and the weight of suya (tsire)
after roasting ranged from 83.95 g-95.95 g.
Sticks of suya made from each muscle type were
labelled for easy identification. After proper
coating with the ingredient, the stick of meat was
re-weighed and spread back on the tray. About
5-10 ml of groundnut oil was sprinkled on each
meat before roasting.

2.3.2 Roasting of Suya

Labelled and weighed staked meats were
arranged around a glowing, smokeless fire was
made from charcoal. The distance of the staked
meats to the point of heat was between 24 and
25 cm. The stick meat was allowed to stay on the
fire for an average of 20 minutes with the
intermittent turning of the samples. Additional
groundnut oil was sprinkled on the meat while
roasting continued.

2.3.3 Selection of Suya (tsire) samples

Total of 120 sticks of suya (tsire) was selected
out of 180 sticks prepared and used for this
study. Twenty (20) sticks of suya from each
treatment were used for evaluating fresh suya,
while ten (10) sticks of suya from each treatment
were preserved and evaluated.

Table 1. Percentage composition of Suya ingredient

Name of spices and Additives Scientific names %
Groundnut cake powder (Arachis hypogaea) 52.00
Ginger (Zingiber officinale) 5.00
Garlic (Allium sativum) 5.00
Red Dried pepper (Capsicum annuum) 10.00
White pepper (Piper nigrum) 5.00
Curry (Murraya koenigii) 5.00
Salt (sodium chloride) 8.50
Seasoning (monosodium glutamate) 7.50
Groundnut oil 2.00
Total 100.00

Source: Omojola et al. [6]
* 5-10 ml of groundnut oil was added to each stick of meat during roasting
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2.3.4 Percentage of product yield of fresh
Suya (tsire)

The product yield of suya was calculated using
the method described by Kembi and Okunbajo
[7]. It was expressed as the ratio of the final
weight of the product to the initial weight of raw
samples of suya.

Product Yield (%)    =

Weight of cooked suya × 100
Weight of uncooked suya 1

2.4 Chemical Indices

Proximate composition of moisture content,
crude protein, ether extract and ash contents)
was determined for suya samples using standard
analytical methods [8], while the amount of
nitrogen-free extract was calculated by
differences. Five-gram samples were weighed in
duplicate and analysis of lipid oxidation was
conducted according to the method of Leick
et al. [9] after 24 hours of production. A direct-
probe type electrode pH metre was used to
determine the pH of meat samples used in suya
production.

2.5 Mineral Composition

A dry ashing procedure was used for mineral
analysis. Calcium (Ca), Iron (Fe), Magnesium
(Mg), Sulphur (S), Manganese (Mn) and Zinc
(Zn) were measured using Atomic Absorption
Spectrophotometer according to the methods of
AOAC [10]. Phosphorus (P) was determined with
colourimetric method (AOAC, 1994).

2.6 Microbiological Quality

The microbiological quality and safety of suya
were assessed on the basis of Total Aerobic
Count (TAC) and Total Coliform Count (TCC)
using Nutrient agar and MacConkey agar,
respectively. Diluted meat samples in normal
saline were spread onto these plates and
incubated at 37°C for 24 hours, following the
procedures described by ICMSF [11], APHA, [12]
and AOAC, [13]. Microbial counts were
expressed as mean colony forming unit per gram
(CFU/g).

2.7 Sensory Evaluation

Suya samples were cut into uniform size, coded
and served warm for organoleptic properties. A

9-point hedonic scale was used to assess the
following categories of suya samples:
appearance, flavour, tenderness, juiciness,
hotness and overall acceptability. Scores were
assigned with 9 being ‘'like extremely'' and 1
‘'dislike extreme''. Semi-trained panellist received
two pieces of suya samples with a different code
number to be appraised. Water and cream
cracker biscuits were provided for each panellist
to freshen their mouth between each sample
assessment.

2.8 Experimental Design and Statistical
Analysis

The design for fresh suya (tsire) in this study was
completely randomised design (CRD). Data
generated were subjected to statistical analysis
using [14], while means were separated with
Least Significant Difference (LSD) of the same
software.

3. RESULTS AND DISCUSSION

3.1 Processing Characteristics of Suya

The results of the effects of muscle on the
physical properties of mutton are expressed in
Table 2. The water holding capacity varied
between 68.10±10.12 and 78.17±9.83%,
68.10±10.12 in ST muscle; while 77.21±9.63 in
ADD and 78.17±9.83% in DT muscles. The
results of the analysis indicated the differences in
water holding capacity between the three
muscles were significant (P<0.05). The greater
variation in the WHC of ADD and DT compared
to ST was a reflection of the amount of fat and
different accumulation of IMF in different muscle
types, with more IMF in the ADD and DT. The
improved WHC for DT and ADD muscles could
be due to proteolytic degradation which has
subsequently caused swelling of the myofibrils
and allowed the meat to retain water [15]. It was
observed that the cooking loss in ST was higher
(30.67±2.78%) compared to DT (26.70±3.85%)
and (26.70±3.00%). The DT and ADD were
significantly different (P<0.05) from the ST
muscle. The highest cooking loss might be due
to change in sarcomere length which resulted in
longitudinal shrinkage and more cross-links that
compelled more water out of the cooked
muscles. There were differences (P<0.05) in SF
values across the three different muscles
investigated in this study. The highest SF values
(P< 0.05) were obtained for DT (4.79±0.31) and
ST (4.39±0.21) while the lowest SF values
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(P< 0.05) were observed for ADD (3.97± 0.30).
These differences could be attributed to the
differences in intramuscular fat content and
muscle fibres due to their high binding ability and
water holding capacity.

The highest product yield was obtained for suya
produced from DT muscle. However, the cooking
yield was significantly (P<0.05) higher and better
in DT (73.83±3.65) and ADD (72.95±3.02) than
ST (69.81±2.64). It might be attributed to fibre
type composition of muscles and its relation to
meat quality, the structural differences
associated with different fibre type and the
variation in fibre type within muscles. It was
observed that pH value slightly varied in
different muscles.  pH value of 5.85±0.05 was
obtained for ST, while DT and ADD have
5.71±0.06 and 5.68±0.05 pH values respectively.
The variation in pH is a possible source of
tenderness variation. From the processing point
of view, meat with pH 5.6-6.0 is better for
products where water binding is required, as
meat with higher pH has a higher water binding
capacity.

3.2 Chemical Composition of Suya from
Different Muscle Types

The proximate composition of suya from different
types of muscles is as shown in Table 3. The
effects of muscles on the chemical composition
of suya in this study were not significantly
different for crude protein, ether extract, TBARS
and nitrogen-free extract. The suya produced
using ST muscle had the highest moisture
content (23.03±0.51%), followed by that suya
produced using DT (22.46±0.42%) and suya
produced from ADD (22.43±0.37%). Average
values for protein content were 49.50±0.95% in
ST, 49.44±1.06% in DT and 50.14±0.47% in
ADD, Protein is the most important muscle
constituents and is made up of the myofibrilla,
sarcoplasmic and connective tissues. Fat is
usually deposited in connective tissues, and
muscles. Higher fat contents were recorded for
all the samples in this study might be due to the
higher marbling rate in the muscle. However, fat
serves as a transport compound that is very
essential for the development of eating flavour in
foods. Ash content measures the mineral
contents of the suya samples. The ash contents
of suya produced from ST (7.98±0.41%) and
ADD (7.98±0.51%) were statistically similar,
while the ash content of suya produced from DT
(8.53±0.47%) was significantly different. Ash

content was high in all the samples; as the ash
content is an indication of the content of
minerals. TBARS is an indication for secondary
lipid peroxidation [16]. The main thiobarbituric
acid reactive substance that is measured is the
malonaldehyde, which is a secondary product
formed as a result of lipid peroxidation [17].
TBARS values were not significant across the
suya samples and fall within the minimum
threshold value (1-2 mg malonaldehyde/kg)
recommended by the Central Agency for
Standardization and Quality Control [18]. The low
TBARS values in the treatment products might
be due to antioxidative properties in some of the
ingredients which are of plant origin  (Garlic and
Ginger) and the presence of reduced
unsaturated fatty acids [19]. Similar findings have
been reported by Esenbuğa et al. [20]. The mean
TBARS value of the meat products in this study
was found to be lower than 1.0 mg
malonaldehyde/kg, accepted as the critical value
of lipid oxidation for meat and meat products.
The highest (P<0.05) value of cholesterol was
established in suya produced from DT
(53.08±3.96 mg/100 g), and it is higher than the
values obtained for suya from ST (51.33±4.60
mg/100 g) and ADD (48.67±5.40 mg/100 g)
muscles. The three conventional types of muscle
showed definite differences in their cholesterol
content. The results of this study indicated a
predicted relationship between muscle types and
cholesterol [21]. It might be hypothesised that the
differences between DT and the other two
muscles cause a significant influence on cell
structure, which could result in higher
cholesterols. The different oxidative fibre
proportion in muscle and intramuscular fat
content can explain these differences. This result
is in agreement with Chung et al. [22] who found
a strong relationship between cholesterol
concentrations and marbling scores.

3.3 Mineral Composition of Suya from
Different Types of Muscles

Mineral composition of suya samples produced
from different types of muscles is presented in
Table 4. The results indicated that meat products
are a rich source of various minerals [23].
Results obtained showed significant (P<0.05)
concentrations of Magnesium (15.59±0.75
mg/100 g), and Sulphur (25.42±2.02 mg/100 g)
for ST and ADD, respectively. No significant
difference (P>0.05) was obtained in  Calcium
and Iron concentrations which ranged between
167.08±2.52 and 179.58±22.80 mg/100 g and
8.36±0.59 and 8.90±0.41 mg/100 g,  respectively
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in all the treatments. According to Greenfield and
Southgate [24], meat exhibits natural variations
in the amounts of nutrients contained, and limits
of the natural nutrient variation are not defined.
Based on the results, it is evident that several
mineral contents in the ADD muscle are much
higher than those in ST and DT.

3.4 Sensory Attributes of Suya Produced
from Different Types of Muscles

Taste panel evaluations for the suya produced
from different types of muscles are presented in
Table 5. Suya produced with ADD muscle
exhibited the highest (P<0.05) colour value
(5.44±0.32), followed by suya those produced
with ST muscles (4.95±0.49) and DT muscles
(4.37±1.06). Types of muscles did not have any
effect on the colour of the product. The juiciness
scores of the ST (6.31±0.41) and ADD
(6.32±0.39) were similar but significantly
(P<0.05) higher than the juiciness of suya
produced from DT (5.48±0.35) muscles. It might
be due to the peculiar mouthfeel provided by the
intramuscular fat present in each of the muscle
types which was attributable to better juiciness.
Muscle type significantly (P<0.05) affected the
sensory tenderness score suya assessed by
panellists. The suya from ST (6.30±0.60) better
than DT (5.65±0.31), however, ST (6.30±0.60)
and ADD (6.36±0.30) are within the same range
for tenderness. Significant (P<0.05) differences
were also observed in the ratings for hotness and
overall acceptability of the product.

3.5 Microbial Loads of Suya Produced
from Different Types of Muscles

The microbiological evaluation of the three suya
samples is as shown in Table 6. No significant
difference (P<0.05) was found in TAC and TCC.
The reason for this might be due to the addition
of some preservatives which have an important
role in reducing the growth of anaerobic bacteria
and coliforms [25]. Suya produced from ADD and
DT (CFU/g of suya) showed means as high as
5.84±2.08 for TAC and TCC, respectively. The
microbiological quality remained acceptable in all
the cooked products, irrespective of muscle
types. According to ICMSF [26], spoilage in meat
products become evident when the bacterial
counts exceed international guidelines of good
manufacturing practice (107 CFU g-1). For this
study, meat products prepared from the three
muscle types (ST, DT and ADD) did not exceed
threshold levels that could cause microbiological
spoilage of the meat products. The reason for the
organisms isolated from suya within twenty-four
hours of production could be due to
contaminated ingredients, environment, handling
contamination issues and holding time. The most
probable reasons of high microbial counts in
meat preparations and meat products might be
poor hygienic quality the ingredients, as well as
contamination from inadequate temperature-time
parameters of thermal processing, or due to
contaminated packaging material can enhance
the microbial load of the end- products [27] and
[28].

Table 2. Physical properties of mutton used in suya production

Parameters ST DT ADD
Water Holding Capacity (%) 68.10±10.12b 78.17±9.83a 77.21±9.63a

Cooking Loss (%) 30.67±2.78a 26.70±3.85b 26.70±3.00b

Shear Force (kg/cm2) 4.39±0.21b 4.79±0.31a 3.97±0.30b

Product Yield (%) 69.81±2.64b 73.83±3.65a 72.95±3.02a

pH 5.85±0.05a 5.71±0.06b 5.68±0.05c

a,b : Means with different superscripts in the same row differ signifcantly (P<0.05)

Table 3. Chemical composition of suya produced from three different types of muscles

Parameters ST DT ADD
Moisture Content (%) 23.03±0.51a 22.46±0.42b 22.43±0.37b

Crude Protein (%) 49.50±0.95 49.44±1.06 50.14±0.47
Ether Extract (%) 18.04±0.46 18.05±0.67 17.99±0.49
Ash (%) 7.98±0.41b 8.53±0.47a 7.98±0.51b

Nitrogen Free Extract (%) 0.82±0.16 0.86±0.14 0.86±0.14
Cholesterol (mg/100 g) 48.67±5.40b 53.08±3.96a 51.33±4.60ab

TBARS 0.21±0.02 0.22±0.04 0.21±0.02
a,b, : Means with different superscripts in the same row differ signifcantly (P<0.05)
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Table 4. Mineral composition of suya produced from three different types of muscles

Parameters (mg/100 g) ST DT ADD
Calcium 174.67±15.05 179.58±22.80 167.08±12.52
Magnesium 15.59±0.75a 14.59±1.31b 15.68±0.84a

Iron 8.36±0.59b 8.63±0.66ab 8.90±0.41a

Phosphorus 235.00±24.77b 223±20.26ab 246.67±18.13a

Sulphur 24.42±2.61b 21.25±4.20a 25.42±2.02a

a,b,: Means with different superscripts in the same row differ signifcantly (P<0.05)

Table 5. Sensory Evaluation of suya produced from three different types of muscles

Parameters ST DT ADD
Colour 4.95±0.49ab 4.37±1.06b 5.44±0.32a

Flavour 5.23±0.44b 6.18±0.44a 4.88±0.37b

Juiciness 6.31±0.41a 5.48±0.35b 6.32±0.39a

Tenderness 6.30±0.60a 5.65±0.31b 6.36±0.30a

Hottiness 5.09±0.20b 5.49±0.25a 4.89±0.16b

Overall Acceptability 5.80±0.38b 6.78±0.41a 6.04±0.41b

a,b : Means with different superscripts in the same row differ signifcantly (P<0.05)

Table 6. Microbiological properties of suya produced from three different types of muscles

Parameters (CFU/g) ST DT ADD
TAC 4.95±2.13 3.99±3.02 5.84±2.08
TCC 3.21±2.15 4.13±2.04 3.89±1.94

a,b, : Means with different superscripts in the same row differ significantly (P<0.05)

4. CONCLUSION

As indicated by physical properties, chemical
composition, organoleptic profiles, mineral
composition, as well as microbiological qualities,
it is concluded that Deltodius and Adductor
muscles are excellent sources of meat
alternative to Semitendinosus muscle in suya
production.
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