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This study reports on the influence of different shred heights in pork muscle on quality
characteristics of a traditional grilled meat product balangu. Balangu was produced from pork
muscle having different shred heights of 0.5, 0.75, 1.0, 1.25 and 1.5 mm; the traditional technique
of preparation was adopted with little modification. The resulting products were assessed for
volatile and sensory characteristics, using solid phase mass extraction gas chromatographymass spectrometry (SPME-GSMS) and sensory panel respectively. Results showed presence
of various volatile compounds belonging to different classes including ketones, acids, alcohols,
esters, aromatic/cyclic hydrocarbons, alkanes/alkenes, nitrogeneous compounds, aldehydes and
furans; some of the volatiles could not be classified under any of the classes. The area units, AU
(x103) of the volatiles increased correspondingly with increase in shred heights of pork muscle.
Among others, the major volatiles identified in balangu were acetone, 2-butanone, 3-methyl1-butanol and 2,3-butanedione, having AUs of 4734, 1551, 1239 and 463 respectively in the
sample made from shred height of 0.5 mm. Evaluation of sensory characteristics indicated that
there was enhanced sensory preference for balangu prepared from shred heights of 0.5 and 0.75
in the attributes of aroma and appearance. On the other hand, balangu samples prepared from
shred heights of 1.25 and 1.5 mm recorded better preference in the attributes of tenderness,
taste and acceptability than those from lower shred heights. The finding concluded that optimal
quantities of the major volatiles were obtained from balangu samples made from shred heights
of 0.5, 0.75 and 1.0 mm, thus giving them advantage over others. Moreover, slight variation
occurred in consumers’ preference for the different balangu samples in the sensory attributes
tested. This is a novel study, as no previous report is known on influence of shred heights on
quality characteristics of balangu produced from pork muscle.
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Introduction
The contribution of desirable volatiles to the
eating quality of meat is very important in order to
determine how such volatiles can be achieved through
production and processing (Elmore and Mottram,
2009). Meat volatiles are thermally derived; during
cooking, a complex series of thermally induced
reactions occur between non-volatile components
of lean and fatty tissues, and this may result in a
large number of reaction products (Olaoye, 2015).
The volatile compounds formed in these reactions
are largely responsible for the characteristic flavour
of cooked meat. Furthermore, many enzymatic
and non-enzymatic reactions can occur in cooked
meat, giving rise to volatile compounds such as
aldehydes, carboxylic acids, alcohols, ketones,
esters, sulfur compounds, nitrogenous compounds,
terpenes, alkanes and alkenes, aromatic and cyclic
hydrocarbons. Some of the reactions implicated to
*Corresponding author.
Email: olaayosegun@yahoo.com

be responsible for the generation of these volatiles
include protein degradation, lipid degradation
and oxidation, Maillard reactions, and Strecker
degradation of amino acids (Huan et al., 2005).
These volatile compounds have been reported to
contribute to flavour development in meat and other
food products (Du and Ahn, 2001; Ruiz et al., 2001;
Olaoye, 2016).
Balangu is a type of suya, traditional Nigerian
meat product, commonly prepared from raw meat,
especially beef with the addition of various spices and
cooked by grilling. It is usually eaten as delicacies
and has associated sensory characteristics which play
important role in acceptance by consumers (Olaoye,
2016). Balangu is a popular traditionally processed
Nigerian meat product that is served or sold along
streets or in club houses. It is a boneless meat product
usually cooked bare on wire gauze on glowing
charcoals, and is not hanged on sticks unlike tsire
(Alonge and Hiko, 1981). The meat pieces are spiced
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with peanut cake, spices, vegetable oil, salt or other
flavorings (Olaoye, 2016).
Some studies have been reported on different
types of cooked meat products; for example,
Omojola (2008) reported the yield and organoleptic
characteristics of a Nigerian traditional grilled stick
meat prepared from three different muscles of a
matured bull. In another study, Olaoye and Dodd
(2010) evaluated the effect of bacteriocinogenic
Pediococcus acidilactici as protective culture on
preservation of similar traditional stick mea product,
and noted positive influence of the culture on shelf
life and shelf stability during storage. Additionally,
Olaoye (2015) reported a study on the effect of
storage period on flavour profile and consumers’
acceptability of tsire, a Nigerian stick grilled meat
product prepared from beef. Although, many of these
studies were carried out on possible extension in the
shelf life and stability of cooked meat product, such
reports have been limited to preparation from muscle
of cow (i.e. beef). Also, the studies only considered
uniform shreds of beef muscle, whereas variation in
the shred heights may have pronounced effect on the
quality attributes of the meat product.
Since no study has been known in the said area,
research effort is required to evaluate possible effect
of the use of different shred heights in muscle of
meat on the product’s quality. Hence, the current
finding was carried out to investigate the influence
of variations in the shred of pork muscle on quality
characteristics of balangu produced from the different
shreds. The quality characteristics evaluated were
volatiles and sensory acceptability of the product.
Materials and Methods
Source of raw materials
The pork muscle used in this study was purchased
from a butcher’s shop in the city of Nottingham,
Nottinghamshire, UK. The muscle samples were
conveyed to the laboratory over ice crystals for
immediate processing. The spices used included
ground red pepper (Capsicum sp.), onions (Alium
cepa), ginger (Zingiber officinalis), groundnut
(Arachis hypogaea) and salt (Onilude et al., 2002)
which were obtained from a Nigerian shop in the
same city.
Preparation of balangu
The traditional processing technique normally
employed for preparation of balangu, howbeit with
slight modification (Olaoye, 2016). Fresh pork
muscle samples were washed in sterile distilled
water (SDW), cut into different shred heights (mm)

of various length, breadth and height (i.e. 10 x 6 x
0.5 mm, 10 x 6 x 0.75 mm, 10 x 6 x 1 mm, 10 x
6 x 1.25 mm and 10 x 6 x 1.5 mm). The emphasis
in this study was variation in shred heights of 0.5,
0.75, 1.0, 1.25 and 1.5 mm; the various muscle shreds
were thereafter kept and processed separately; curing
of pork muscle shred was carried out by the addition
of mixed spices on surfaces and spread on the surface
using disinfected spatula. The muscle shreds were
also turned severally in the spice mixtures to ensure
thorough and uniform distribution on the entire
surfaces. They were then grilled on wire gauze over
glowing charcoals at 120-140oC until well grilled
(20-45 min), with intermittent turning to ensure even
cooking. Cooking time of the meat cuts was longer
for samples with higher shred heights compared to
lower heights. Groundnut oil was sprinkled on the
muscle shreds, before and during grilling, to simulate
the traditional technique of avoiding burning or
charring (Onilude et al., 2002). The spice mixtures
used were produced by grinding ground red pepper
(23%), groundnut (52%), ground ginger (20%) and
salt (5%) into powdery form.
Analysis of volatiles in balangu samples
The volatiles in the different balangu samples that
resulted from the muscle shreds were analyzed using
solid phase micro extraction Gas Chromatographymass spectrometry (SPME GC-MS). This was
performed by placing 2 g of sample in 20 ml
headspace vial (22.5 mm x 75.5 mm, Grace Alltech,
UK). The vial was sealed with a magnetic cap (20mm
diameter, 5mm centre, PTFE/Silicone Liner; Grace
Alltech) using a Crimper (Part no 60045, Alltech
Associates Inc., USA) and allowed to equilibrate at
room temperature (22oC) for approximately 30 min
before commencement of analysis. A Stableflex
fibre, coated with 50/30 µm divinylbenzenecarboxen
on polydimethylsiloxane bonded to a flexible fused
silica core (Supelco, Bellefonte, PA, 16823-0048
USA) was used for the extraction of the volatiles.
For volatile sampling, an extraction time of 15 min
at room temperature was used while desorption time
was set to 4 min at 230oC.
GC–MS was carried out using a Trace GC
Ultra gas chromatograph (Thermo Electron
Corporation) and a DSQ mass spectrometer (1.4.1
SP3 Thermo Electron Corporation, USA). The GC–
MS settings used were as follows: samples were
injected in splitless mode with a PAL auto-sampler.
Chromatography was carried out with a TRACE GC
2000 series gas chromatograph using a ZB-WAX
capillary column (Serial no 162147, Order no 7HGG007-22, L 30m x I.D. 0.25mm x df 1µm, USA).

Olaoye, O.A. and Ubbor, S.C./IFRJ 24(6): 2466-2473

2468

Table 1. Occurrence of alcohols and esters in the balangu samples produced from different
shreds of pork muscle

Values are means of Area units, AU (x103) measured in three replicated samples; RT, retention
time (min); Sd, standard deviation; Values with different superscripts across rows are significantly
different (P < 0.05)

Helium was employed as the carrier gas, at a constant
pressure of 15 psi and splitless time of 1 min. The
oven temperature programme was as follows: an
initial temperature of 40oC was maintained for 1 min,
with ramps 8oC/min to 200oC and 10oC/min to a final
temperature of 230oC. Mass spectrometry (MS) was
performed with a DSQ mass spectrometer. The mass
spectrometer was operated in positive ionisation
electron impact mode (EI+) at electron energy of
70 eV. The scan time was 0.29 s. The detector was
operated in scan mode, scanning from m/z 20 to 210.
Source temperature was 200oC. The data generated
were processed with Xcalibur TM 1.4 SR1 (Thermo
Electron Corporation) software.
The flavour compounds in the tsire samples
were identified by comparing their mass spectra and
retention times with those in the National Institute
of Standards and Technology (NIST) mass spectral
library and matching them with standard compounds
and data reported in the literature (Liu et al., 2013;
Fadel et al., 2015). The chemical compounds (SigmaAldrich, Gillingham, UK) used as standards were of
GC grade (≥99% purity). Results were reported as
relative abundance expressed as total area counts
(AU×103).
Sensory evaluation
The balangu samples that depended on the
different pork muscle shreds were subjected to
sensory evaluation. Samples were evaluated for the
attributes of aroma, appearance, tenderness, taste and
acceptability with the help of a 20 member panel,
which composed of panelists were already familiar

with the product. Samples were presented to the
panellists in three coded replicates and were asked to
allocate scores to them using a 9-point hedonic scale,
from 1-dislike extremely to 9-like extremely. The
data obtained were subjected to statistical analysis to
determine significant differences among samples.
.
Statistical analysis
The influence of different pork muscle shreds
of various heights on balangu were determined
by analysis of variance (ANOVA) using the
statistic software, Design expert (Stat-Ease Inc.,
East Hennepin Ave, Minneapolis, Version 6.0.6).
Significant difference was determined at P < 0.05.
Results and Discussion
The occurrence of volatile compounds of
alcohols and esters in the different samples of the
balangu prepared from the various pork muscle of
varying shred heights 0.5, 0.75, 1.0, 1.25 and 1.5
mm are presented in Table 1. One of the volatile
compound of alcohol, 3-methyl-1-butanol, occurred
more abundantly than others (P < 0.05) having the
highest area unit, AU (x103). The highest AU of 1239
was recorded for the volatile compound in the 0.5
mm balangu sample while the lowest AU (653) was
obtained for 1.5 mm sample. It is interesting to note
that significant difference (P = 0.0021) occurred in
the AU of this compound among balangu samples,
indicating that muscle shred heights had significant
effect on the compound. Research investigation
carried out by Cassaburi et al. (2011) and Olaoye
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Table 2. Occurrence of aromatic/cyclic hydrocarbons and alkanes/alkenes in the
balangu samples produced from different shreds of pork muscle

Values are means of Area units, AU (x103) measured in three replicated samples; RT, retention
time (min); Sd, standard deviation; Values with different superscripts across rows are
significantly different (P < 0.05)

(2015) reported the identification of 3-methyl-1butanol in cooked meat products; the authors noted
that the compound occurred in abundant amounts
than other alcohols. Another compound, 3-methoxy2-butanol, was next to 3-methyl-1-butanol in
concentration, having AU value of 267 in the 0.5 mm
sample. All other alcohols had AU of below 200 in
all samples of balangu from the various shred heights
of pork muscle. The alcohols generally decreased
in area units with corresponding increase in the
muscle shred heights. The esters had AU of below
200, with acetic acid-pentyl ester having the highest
value of 192 in the 0.5 mm sample, followed by
acetic acid-hexyl ester having AU of 97 in the same
sample. Values assumed similar pattern recorded for
alcohols, decreasing with corresponding decrease in
the muscle shred heights. Statistical analysis of the
alcohols and esters indicate that significant difference
(P < 0.05) occurred between the balangu samples in
most of the volatile compounds that were identified.
The occurrence of alcohols and esters in the balangu
samples are in agreement with the study of Gianelli et
al. (2012) who reported similar volatile compounds
in Chilean traditional meat products, charqui and
longaniza sausage.
Shown in Table 2 are the AUs of the volatile
compounds of aromatic/cyclic hydrocarbons and
alkanes/alkenes that were identified in the balangu
samples. All volatile compounds had AUs of below
150; pentane had the highest value of 131 recorded in
the 0.5 mm sample while the lowest value (101) was
recorded in the 1.5 mm sample. Heptane was next
in to pentane, having AU of 89 in the 0.5 mm tsire
sample. Varying degree of significant difference (P

< 0.05) was observed between the lower (0.5/0.75
mm) and higher (1.25/1.5 mm) muscle shred heights
of balangu samples, and this may indicate possible
influence of shred heights on the volatile compounds
of the meat product. Some of the compounds of
aromatic/cyclic hydrocarbons and alkanes/alkenes
recorded in the balangu samples in this study have
been reported by Olaoye (2015b) in a grilled meat
product tsire, though the author did not investigate
the effect of shred heights in muscle on the associated
volatiles.
The AUs of volatile compounds belonging to
ketones (18) and acids (8) identified in the balangu
samples are shown in Table 3. Results indicated
that the volatile compounds occurred in different
concentrations, which were obviously dependent
on the muscle shred heights. Among the ketone
compounds, the AUs of acetone in the various
balangu samples were higher than other compounds;
the highest value of 4734 was recorded for the 0.5
mm sample while the lowest (1304) was obtained for
the 1.5 mm counterpart. The compound 2-butanone
was next in concentration to acetone, having an AU
of 1551 for the 0.5 mm sample. Generally, AUs
of the ketone compounds in the various samples
decreased with corresponding increase in the shred
heights of pork muscle. Significant difference (P <
0.05) was recorded in the AUs of most of the ketone
compounds in the various samples, indicating that
muscle shred heights had significant effect on the
associated volatile compounds.
Compounds belonging to the group of ketones
have been reported as products of lipid auto-oxidation
and microbial metabolism which may have great
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Table 3. Occurrence of ketones and acids in the balangu samples produced from
different shreds of pork muscle

Values are means of Area units, AU (x103) measured in three replicated samples; RT, retention
time (min); Sd, standard deviation; Values with different superscripts across rows are significantly
different (P < 0.05)

influence on volatile compounds of meat and meat
products (Martin et al., 2009). One of the important
ketone compounds detected in the present finding
was 2,3-butanedione (diacetyl) which origination has
been attributed to citrate metabolism by microbial
activities especially lactic acid bacteria, LAB
(Partidário et al. 2006; Olaoye, 2015). The compound
is of significance as a result of its antimicrobial activity
against some spoilage and pathogenic organisms of
food products, especially meat (Olaoye and Onilude,
2011). Apart from its antimicrobial activity, the
compound has been reported to impart positively on
sensory quality of meat products (Olaoye, 2016). The
low levels of diacetyl recorded in the balangu samples
may be attributed to minimal metabolic activities of
microorganisms, since the product only stayed for
short period (less than four hours) after production
before analysis. Olaoye (2016) also reported low
concentrations of the compound in a grilled meat
product made from beef muscle shred height of 0.5
mm. This was similar to those obtained in the present
study, especially for the samples from pork muscle
shred heights of 0.5 and 1 mm. Some compounds of
ketones identified in this study, among which were
2-butanone, 2-heptanone and 2-hexanone, could play
significant role in the sensory characteristics of the
product; this is as a result of their ability to contribute
to flavour development in meat products, especially
when present in optimal concentrations (Estevez et
al., 2005). Another important compound identified
in the balangu product was 3-hydroxy-2-butanone
(acetoin), commonly produced by metabolic
activities of heterolactic lactic acid bacteria. The

compound has been identified to be of significance as
it may contribute desirably to flavour quality of food
(Wierda et al., 2006).
Among the acids that were identified, 2-methylbutanoic acid had higher AU than others in the
different balangu samples. The highest AU (163) was
recorded for the compound in the sample produced
from muscle shred height of 0.5 mm while the lowest
(109) was obtained for the 1.5 mm sample. The AU of
2-methyl-butanoic acid decreased progressively with
increase in the pork muscle shred heights. Next to
2-methyl-butanoic acid was 2-methyl-hexanoic acid
in term of AUs, which recorded similar trend to that
of the former; the highest AU of 126 was recorded
for the 0.5 mm sample while the lowest value (75)
was obtained for the 1.5 mm sample. Of all the acids
identified in the balangu product, 2-methyl-propionic
acid had lowest values of AUs in comparison with
others. Generally, AUs of the acids decreased in
the pork meat product with corresponding decrease
in pork muscle shred heights. The occurrence of
compounds of ketones and acids in a grilled meat
product tsire has been reported by other research
investigators (Olaoye, 2015; Olaoye, 2016).
It was observed in the present study that the
patterns of the volatile compounds of ketones and
acids recorded in the balangu samples may have been
influenced by the nature and quantity of the spices
added prior to production. The samples with lower
muscle shred heights could probably have deeper
penetration of spices than those with bigger heights,
and this may have effect on the product during
grilling. No previous report is however available on
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Table 4. Occurrence of nitrogenous compounds, aldehydes and furans in the balangu
samples produced from different shreds of pork muscle

Values are means of Area units, AU (x103) measured in three replicated samples; RT, retention
time (min); Sd, standard deviation; Values with different superscripts across rows are significantly
different (P < 0.05)

the effect of pork muscle shred heights on volatile
profiles of balangu that may be used for possible
comparison with results obtained in the present study.
Results in the present study further showed that
nine nitrogeneous compounds were identified in the
balangu samples, among which trimethyl-pyrazine
occurred in significant quantities (P < 0.05) in the
0.5 and 1.0 mm samples than others (Table 4). The
highest AU of 801 was recorded for the 0.5 mm
sample, followed by 710 in the 0.75 mm sample while
lower values were recorded for others. Results further
revealed that pork muscle shred height had significant
effect on the occurrence of trimethyl-pyrazine in the
balangu. The aldehydes identified in balangu in the
present finding were 2-methyl-butanal, 3-methylbutanal, heptanal, benzaldehyde and nonanal (Table
4); among these, 2-methyl-butanal had the highest
AU of 69 in the 0.5 mm sample, while lower values
were recorded in others. The AUs decreased with
corresponding increase in the muscle shred heights
and significant difference (P < 0.05) was recorded
among the samples. The compounds 2-pentyl-furan
and 2,5-dimethyl-furan were the only furans were
identified in the balangu samples, with the former
having higher AUs than the other.
The volatile compounds which occurred in major
quantities than others in the balangu samples and
their AUs are shown in Figure 1. Overall, acetone
had the highest AU of 4734, the value obtained in the
sample produced from pork muscle shred height of

0.5 mm. The same compound recorded higher AUs
in each of the balangu samples compared to other
compounds. Among the major volatile compounds,
2-butanone, 2,3-butanedione, 3-methyl-1-butanol,
trimethyl-pyrazine, and 3-hydroxy-2-butanone
(acetoin) could be of significance in the balangu
product (Olaoye, 2015; Olaoye, 2016). The quantities
of most of these compounds varied significantly (P <
0.05) in the balangu samples; this was noted to be
influenced by the muscle shred heights. Diacetyl
(2,3-butanedione) has been noted to be advantageous
due to its antimicrobial properties, while 2-butanone
and 3-methyl-1-butanol have also been reported
to have potential of contributing to flavour
development in meat products, especially when
present in optimal concentrations (Rivas-Canedo et
al., 2009; Olaoye, 2015). Hence balangu samples
with optimal concentrations of the compounds in this
study, especially samples from muscle shred heights
of 0.5, 0.75, 1.0 and 1.25 mm may be favourably
advantageous.
The hedonic mean scores of the sensory attributes
of the balangu samples indicated that there was
reduction in the preference of attributes of aroma
and appearance in the samples prepared from muscle
shred heights of 1.0, 1.25 and 1.5 mm when compared
to their 0.5 and 0.75 mm counterparts. There were
higher hedonic mean scores in the attributes of
tenderness and taste of the 1.25 and 1.5 mm samples
in comparison with others. The balangu samples
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References

Figure 1. The major volatiles identified in the balangu
samples produced from different shreds (0.5, 0.75, 1.0,
1.25 and 1.5 cm) of pork muscle

from 1.25 and 1.5 mm recorded better preference
in the attribute of acceptability than others; mean
scores of 8.7 and 8.6 were obtained for the respective
samples. There was generally variation in the level
of significant difference (P < 0.05) among the sensory
attributes evaluated in the balangu samples.
From the results of this investigation, it was
concluded that variation in shred heights of pork
muscle had significant influence (P < 0.05) on the
volatile compounds of balangu. Heights of 0.5, 0.75,
and 1.0 mm of muscle shreds may be suitable for
preparation of the meat product as a result of optimal
concentrations of volatile compounds that may be
of significance, including 2-butanone, 3-methyl-1butanol, 2,3-butanedione, acetone and 3-hydroxy2-butanone recorded in the product. This study
recommended that muscle shred heights of higher
than 1 mm may not be suitable for preparation
of balangu from pork and probably other animal
muscles.
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