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Meat quality characteristics of Infraspinatus, Triceps brachii,
Longissimus thoraces, Biceps femoris, Semitendinosus, and Semimembranosus
of bactrian (Camelus Bactrianus) camel muscles

Abstract. The objective of this study was to evaluate and compare quality characteristics of Infraspina-
tus (IS), Triceps brachii (TB), Longissimus thoraces (LT), Biceps femoris (BF), Semitendinosus (ST), and
Semimembranosus (SM) muscles from nine Bactrian camel carcasses. Individual muscles were collected
to measure color, expressed juice, cooking loss, pH, sarcomere length, shear force value, myofibrillar frag-
mentation index. The pH for the six muscles was monitored at 1, 2, 4, §, 12, 24 and 48 hrs postmortem.
The TB muscle had a significantly (P<0.05) higher pH value than LT, ST and SM muscles. The range of
variation in expressed juice between the six muscles was 37.10 cm2/g in LT muscle to 41.27 cm2/g in SM
muscle. The LT muscle had significantly lower cooking loss and shear force values than IS, ST, TB, SM and
BF muscles. The LT muscle had significantly higher L* values than TB, ST, SM and BF muscles. However,
the LT muscle had a significantly lower myofibrillar fragmentation index than the other muscles. This study
indicated that meat quality characteristics varied among Bactrian camel muscle types and the knowledge of
this variation allows for better marketing and processing of camel meat.
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The camel is a unique animal because it has an
exceptional ability to survive and thrive under ad-
verse climatic conditions. Therefore, camels offer
ideal sources of meat, and milk production in areas
where the climate adversely affects other animal’s
production efficiency. The camel population in Ka-
zakhstan is 168,000 heads with 80% of total camels
being Bactrian (Camelus Bactrianus).

The demand for camel meat appears to be in-
creasing due to health reasons, as they produce meat
with less fat with less levels of cholesterol than other
meat animals [1]. Camel meat is also relatively high
in polyunsaturated fatty acid in comparison to other
ruminants [2, 3, 4, 5]. This is an important factor in
reducing the risk of cardiovascular disease, which is
related to saturated fat consumption [6]. Camel meat
is also used for remedial purposes for diseases such
as hyperacidity, hypertension, pneumonia and respi-
ratory disease as well as an aphrodisiac [7].

Traditionally, camel meat comes mostly from old
animals that are primarily kept for milk, racing, and
transportation, rather than for meat production. This
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is likely to have contributed to the view among gener-
al consumers that camel meat is unacceptably tough.
The study of meat quality characteristics of Bactrian
camel can provide more balanced information which
can be used to improve the marketing of camel meat.
However, based on our knowledge, there is currently
no information on the quality characteristics of Bac-
trian camel meat.

An efficient marketing system for camel meat
requires more information on meat quality character-
istics of various muscles from different regions for
quality classification purposes. The identification of
camel muscles that can be marketed might increase
the demand for camel products by improving the
consistency of products and allowing processing
technologies to be targeted toward maximizing camel
carcass value. Moreover, marketing camel muscles in
this way allows the production of more attractive cuts
with greater quality characteristics.

The objective of this study was to determine the
quality characteristics of Infraspinatus (1S), Triceps
brachii (TB), Longissimus thoraces (LT), Biceps
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femoris (TF), Semitendinosus (ST), and Semimem-
branosus (SM) of Bactrian camel muscles. This may
identify more appropriate uses and applications for
specific muscles. In addition specific market needs
may be identified.

Materials and Methods

2.1 Animals and Meat Samples. Nine Bactri-
an camels (2 to3 years of age) were slaughtered at
Zhengis Sharua Kozhalygy camel farm, Kyzylorda,
Kazakhstan. The Infraspinatus (1S), Triceps brachii
(TB), Longissimus thoraces (LT), Biceps femoris
(BF), Semitendinosus (ST), and Semimembranosus
(SM) muscle samples were removed from their origin
and insertion within 20 min postmortem. Each indi-
vidual muscle was trimmed off external fat and trans-
ported in an insulated cool box and kept in a chiller
(3-40C) for 48 hrs.

2.2 Muscle pH Decline. The pH from the left side
of IS, TB, LT, BF, ST and SM muscles was monitored
using a portable pH meter (Hanna waterproof pH me-
ter, Model Hi 9025) fitted with a plastic body open
junction, conic (Hanna FC200B) and a temperature
adjusting probe. Measurements, designated as pH (1,
2,4, 8, 12 and 24 hrs postmortem) were recorded. For
each measurement, the pH probe and the thermometer
were inserted into muscles to a similar depth (2 cm).

2.3 Meat Quality Evaluation. Meat quality mea-
surements were carried out on each individual muscle
at 48 h postmortem. The ultimate pH was assessed in
homogenates at 20-220C (using an Ultra Turrax T25
homogeniser) of duplicate 1.5-2 g of muscle tissue in
10 ml of neutralized 5-mM sodium iodoacetate and
the pH of the slurry measured using a Metrohm pH
meter (Model No. 744) with a glass electrode. Chilled
muscle samples (13 mm x 13 mm cross section) for
assessment of shear force by a digital Dillon Warner-
Bratzler shear device were cooked in a water bath at
700C for 90 min. Sarcomere length by laser diffrac-
tion was determined using the procedure described
by Cross et al. (1980/1981). Myofibrillar fragmenta-
tion index was measured using a modification of the
method of Johnson et al. This basically measured the
proportion of muscle fragments that passed through a
231-pum screen after the sample had been subjected to
a standard homogenization treatment. A 5g (+0.5 g)
sample of diced muscle (6 mm3 pieces) was added to
50 ml of cold physiological saline (85% NaCl), plus
5 drops of antifoam A emulsion (Sigma Chemical),
in a 50 ml graduated cylinder, and homogenized at V4
speed using an 18 mm diameter shaft on an Ultra-Tur-
rax homogenizer for 30-second periods separated by

a 30 second rest period. The homogenate was poured
into a pre-weighed filter (231 x 231 um holes). The
filter typically ceased dripping after 2-3 hrs, at which
time the samples were dried at 26-280C in an incuba-
tor for 40 hrs before being re-weighed. The myofibril-
lar fragmentation index values presented herein were
calculated as 100 minus the percentage of the initial
meat sample weight that remained on the filter. Ex-
pressed juice, a method of measuring water holding
capacity, was assessed by a filter paper method, as the
total wetted area less the meat area (cm2) relative to
the weight of the sample (g). Approximately 60 min
after exposing the fresh surface, CIE L*, a*, b* light
reflectance coordinates of the muscle surface, as an
objective color were measured at room temperature
(20£20C) using a Minolta Chroma Meter CR-300
(Minolta Co., Ltd., Japan).

2.4 Statistical Analysis. The general liner model,
ANOVA procedure within SAS (1993) was used to
compare the effect of location of different muscles on
quality characteristics of Bactrian camel Infraspina-
tus (IS), Triceps brachii (TB), Longissimus thoraces
(LT), Biceps femoris (BF), Semitendinosus (ST), and
Semimembranosus (SM) muscles. Significant differ-
ences between means were assessed using the least-
significant-difference procedure.

Results and Discussion 2.1 Kinetics of Decline
pH. Change pH-time curves for the IS, TB, LT, BF,
ST and SM muscles during postmortem period are
presented (Figure 1).
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Figure 1 — Mean changes in pH within the Infraspinatus
(IS), Triceps brachii (TB), Longissimus thoraces (LT), Biceps
femoris (BF), Semitendinosus (ST), and Semimembranosus
(SM) muscles from bactrian camel carcasses
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The most readily measurable indicator of the
conversion of glycogen into lactic acid was the drop
in pH value. Lactate accumulation and the release of
protons from adenosine triphosphpate hydrolysis in
postmortem muscle a pH decline [8]. According to
Lindahl et al. [9], the early post-mortem pH devel-
opment plays an important role in determining the
rate and extent of muscle tenderization and the colour
characteristic of meat. In the present study, changes
in glycolysis between different muscles were moni-
tored by measuring the rate of pH fall after slaugh-
ter. TB muscle had significantly (P<0.05) higher
pH value (6.81) than LT (6.56), ST (6.64) and SM
(6.59) muscles. The greatest pH fall occurred in LT
and SM at one hr postmortem, while the lowest pH
falls occurred in TB muscle. The mean pH values
underwent a slow decline until an ultimate pH at 48
hr postmortem. The pH decline of meat is related to
the glycogen content of muscle at slaughter, where
lower glycogen contents may result in decreased rates
of glycolysis; hence, a slower accumulation of lactic
acid and a slower rate of post-slaughter pH decline
[10]. The time needed for muscle pH values to fall
to 6.0, is a reflection of earlier rigor onset. The LT
was the only muscle for which the pH fell below 6

at 12 hrs (Fig. 1). One of the important procedures to
avoid cold shortening is reducing the time required
for the muscle to reach pH 6.0. This determines the
period of delay necessary before muscle temperature
can be dropped below 100C if cold shortening is to
be avoided [11].

Camels are luconeogenesis animals due to the
presence of humps. The amount of enzymes in the
camel’s glycolytic pathway causes slower glycogen
degradation and pH decline in comparison to other
livestock [10].

2.2 Meat Quality Characteristics. Meat Quality
Characteristics of the Bactrian camel muscles are
presented in Table 1. The ultimate pH of muscle is a
major determinant of meat quality and is largely de-
termined by the depletion of glycogen and accumula-
tion of lactic acid pre- and post-slaughter [1]. In the
present study, The ST and SM had significantly lower
ultimate pH values than IS, TB, ST and BF muscles
(Table 1). The ultimate average pH value of the Bac-
trian camel muscles was within the normal range of
dromedary camel meat [12, 13, 14, 15, 16, 17, 18].
The ultimate pH value of meat is the result of a com-
bination of many factors including Preslaughter han-
dling, post-mortem treatment and muscle physiology

Table 1 - Meat quality characteristics of six muscles from Bactrian camel

Muscle’

IS TB LT ST SM BF SEM
Ultimate pH 5.73° 5.69° 5.63° 5.68° 5.60° 5.68° 0.017
Expressed juice (cm?%/g) 38.21 37.96 37.10 40.37 41.27 38.79 1.754
Cooking loss % 32.7° 32.56° 25.07¢ 33.99° 33.94° 32.11° 0.847
W-B Shear force (Kg) 10.75¢ 8.86° 6.04° 9.95b 9.83b¢ 8.62° 0.591
Sarcomere (um) 1.45° 1.542 1.70° 1.472 1.532 1.522 0.053
Myofibril Fragmentation Index (%) 76.76° 76.94° 73.942 77.74° 76.78° 78.42° 0.609
Lightness colour (L*)) 32.41° 30.79¢ 33.40¢ 30.22¢ 30.82¢ 30.09¢ 0.313
Redness colour (a”) 13.21 13.14 13.81 12.84 13.78 13.45 0.438
Yellowness colour (b*) 3.78° 3.40° 3.96° 3.16 3.54:® 3.56% 0.176

"Muscle: IS; infraspinatus, TB: triceps brachii, LT; longissimus thoracis, ST; semitendinosus, SM; semimembranosus, BF; biceps

femoris. *SEM: standard error for the mean.

The low muscle glycogen stores at slaughter do
not allow the development of a desirable pH of the
lean tissue after slaughter [21]. The trend of high ul-
timate pH of the samples from younger camels in the
present study might be due to differences in propor-
tions of muscle fiber types and/or lower muscle gly-
cogen stores at the time of slaughter. Fiber types have
been shown to differentiate at various stage of devel-
opment and therefore have different metabolic func-
tions in the body [21]. Such differences might cause
different patterns of muscle metabolism [22], and
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ultimate muscle pH. The difference in ultimate pH
between the six muscles in the present study might
be due to the difference in initial muscle glycogen
content. The difference in ultimate pH between the
current study and other study values may be due to a
combination of several factors including breed, pre-
slaughter handling, season, postmortem treatment
and metabolism of the muscles.

Expressed juice is the ability of meat to retain its
constituent water when an extraneous force or treat-
ment is applied to it. This property affects the reten-
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tion of vitamins, minerals and salts, as well as the vol-
ume of water retained. Muscles that lose water easily
are drier and lose more weight during refrigeration,
storage, transport and marketing [23]. The expressed
juice of meat products is a very important quality
attribute which has an influence on product yield,
which in turn has economic implications, but is also
important in terms of eating quality. The variation in
expressed juice between muscles in the current study
ranged from 37.10 (LT) to 41.27 (SM) cm2/g. The
difference can be explained by the location of muscle,
difference muscle activity, proportion of muscle fiber
types, pH, intramuscular fat and the ratio of water to
protein. The expressed juice in the Bactrian camel is
within the range of dromedary camel muscles [15,
24]. However, LT muscle had significantly (P<0.05)
lower cooking loss% (25.07%) than IS (31.6%), TB
(29.2%), ST (28.5%), SM (30.6%), and BF (29.5%).
The cooking loss% of Bactrian camel muscles con-
tained were lower than those reported in dromedary
camel muscles. The difference might be due to com-
position of muscle between the two breeds.
Tenderness is the most important organoleptic
characteristic and the predominant quality determi-
nant of red meat [25]. The sensory assessment of
tenderness is usually supported by Warner-Bratzler
shear force data [26]. The most marked difference in
meat quality characteristics between camel meat and
that of other livestock is believed to be tenderness [4].
Mean of Warner-Bratzler Shear force values (kg) for
six muscles are given in Table 1. The LT muscle had
significantly (P<0.05) lower shear force value (6.04)
than IS, TB, ST, SM or SM muscles. The IS muscle
had a significantly (P<0.05) higher value (10.75 kg)
than TB (9.95 kg) and BF (9.83 kg). The LT mus-
cle’s shear force value was similar to those reported
by Kadim et al, (2006, 2009a, b). Meat tenderness is
affected by changes in myofibrillar proteins and the
amount and structure of connective tissue [27]. More-
over, postmortem proteolysis, intramuscular fat, in-
tramuscular connective tissue and the contractile state
of the muscle are the most important characteristics
to be considered [28]. These factors also contribute
to the difference in tenderness between different
muscles within camel carcasses. Therefore, variation
between muscles in Bactrian camels might be due to
the connective tissue structure and its heat stability.
Measurement of myofibril fragmentation is one of the
most widely used methods to determine postmortem
proteolysis in meat [29]. In the present study, the low
myofibrillar fragmentation index in LT (73.94) mus-

cle compared to other muscles, partially explain the
variation in tenderness. In the present study, the myo-
fibrillar fragmentation index value of the LT muscle
was similar to those values in dromedary camels re-
ported by Kadim et al. [1]. However, the myofibrillar
fragmentation index values in the present study were
higher than those reported by Suliman et al. [17]. The
difference between this study and previous studies
may be due to breed, age, and ant- and postmortem
factors.

Meat colour is one of the most important criteria
in initial selection by the consumer. It is related to
the concentration of myoglobin and its chemical state
on the surface of the meat, the structure and physical
state of muscle proteins and the proportion of intra-
muscular fat [23]. In the present study, the LT and
IS muscle had significantly (P<0.05) higher lightness
(L*) values (33.40) and IS (32.41), than TB (30.79),
ST (30.22), SM (30.82) and BF (30.09) muscles.
Moreover, the variation between IS and LT is sig-
nificant. This study indicated that LT is the lightest
muscle and SM the darkest muscle in Bactrian camel.
The range of redness (a*) and yellowness (b*) values
were from 12.84 to13.78 and 3.16 to 3.96, respective-
ly. The lightness (L*) and redness (a*) values in the
present study were similar, while the yellowness (b*)
values were lower than those values in dromedary
camel reported by Kadim et al. (2006, 2009a,b) and
Abdelhadi et al. [18].

Conclusion

Results of quality characteristics indicate that
several muscles were consistently superior in ten-
derness and over all palatability. The muscles of the
longissimus thoracis were ranked high while the
semimembranosus and biceps femoris muscles were
ranked low. This data indicates that some muscles
would have a potentially greater economic value if
they were separated and used independently. Quality
parameters of individual muscles can be used to im-
prove marketing of camel meat, and would provide
more information about meat quality characteristics
of Bactrian camel meat.
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I'. PaiteimbOex, b. ®@aite, I. Konycmaesa, 1. T. Kagum
baxpuanaapavi Infraspnatus (IS), Triceps brachii (TB), Longissimus thoraces (LT), Biceps femoris (BF),
Semitendinosus (ST) :xone Semimembranosus (SM) OYJIIIBIK eTTePiHiH canajbIK MiHe3aeMeepi

By 3epTTey JKYMBICBIHBIH MAaKCaThl — TOFBI3 OaKTpraH TyHecineH anbiaraH Infraspnatus (IS), Triceps brachii (TB), Longis-
simus thoraces (LT), Biceps femoris (BF), Semitendinosus (ST) skone Semimembranosus (SM) OWIIIBIK €TTepiHIH camabik,
KacHeTTepiH Oaranay »oHE CaIBICTBIPY. BYIIIBIK €TTiH camajblK KaCHETiH aHBIKTAWTBIH MapaMeTpiep peTiHe eTTiH TYC,
06JIeTiH MIBIPBIHBI, MTICKEHIE HKOFAITATIH cajMarbl, pH, capkoMep Y3bIHBIFBI, €TTiH )KYMCAKTIFbI JKOHE MUO(DUOPHITSPITHIK
(bpaprMeHTAIMSITBIK MHICKCT OJIIICH 1. 3epTTey )KYMBICHI €TTiH CalaliblK KACHETTEPiHIH YKCaMaraH OYJIIIBIK eTTep apachlHaa
OPTYPIIi OONMATHIHABIFBIH KOPCETTI XKOHE OYII KOpCeTKImTep OoamakTa Tyiie eTiHeH dpTYpli €T eHIMIEpiH anyaa, COHAaN-aK
Tyiie eTi MapKeTHHTIHE JKOJ aIlyJia aJaThIH MaHBI3HI 30P.

Tyiiin co30ep: GaxTpuaH, Tyle, OYIIIBIK €TTep, €T canachl.

I'. Paitermobex, b. @aiie, I. Konycmaesa, U.T. Kagum
KauectBennsnlie xapakrepuctuku Infraspnatus (IS), Triceps brachii (TB), Longissimus thoraces (LT), Biceps
femoris (BF), Semitendinosus (ST)) u Semimembranosus (SM) Mplil 0aKTPUAHOB

Ienbr0 JAHHOTO MCCIIEA0BaHKSI OBLIO OIICHUTh U CPABHHUTH KauyeCTBEHHBIC XapakTepuctuku Infraspnatus (IS), Triceps
brachii (TB), Longissimus thoraces (LT), Biceps femoris (BF), Semitendinosus (ST)) u Semimembranosus (SM) Mpi1ii
JIEBITH Tyl OakTpuaHoB. MHIMBHAyalbHBIC MBIl ObUTH COOpaHbI /ISl M3MEPEHHS 1IBETa, BBDKATOrO COKa, MOTEPh
npurotoBieHus, pH, mMHBI capkomepa, MSTKOCTH, HHJEKCa MHOQHOPUIUIAPHBIX (parMeHTanuii. DTo McCclieJOBaHNue
MOKa3aJI0, YTO XapaKTePUCTHKN Ka4eCcTBa MsCa BApbHUPOBAIUCH B 3aBUCUMOCTH OT TUIIOB MBIIIIIL BEPOIIOI0B-0aKTpUaHOB
W 3HaHWE ATUX U3MEHEHHII [T03BOJISIET JIyUllle [TPOJIaBaTh U NepepadaThiBaTh BEPOIIOKBE MSICO.

Knioueevie cnosa: axpual, BepOIIOJ, MBIIIIII, KAYECTBO MsCa.
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