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Abstract

Camel meat is an ethnic food consumed across the arid regions of Middle East and North-East Africa. It can be a
potential alternative red meat for human consumption worldwide. Camel meat is nutritionally as good as any
conventional meat source, in fact has an edge over beef or lamb due to its low intramuscular fat, low cholesterol
content, and high iron content. Camel meat quality is a function of age, breed, and type of muscle consumed.
Various techniques such as aging, low-temperature storage, and pre-treatment with antioxidants improve the
quality and shelf life of camel meat. Active packaging and fermentation are promising techniques to improve
consumer acceptance and shelf-life of camel meat. Very limited research is available about the use of novel pre-
treatments, packaging, and processing techniques that can improve the consumer acceptability of camel meat. Due
to restricted use of camel meat and its products to ethnic regions, a review highlighting the nutritional potential
and strategies to improve the quality of camel meat and its products may enhance its global acceptance as an
alternative source of red meat.
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Introduction
Traditional meat products from camel meat have been
consumed across various arid regions of the world such
as Middle East, North Africa, and Mediterranean from
time immemorial. In these regions, consumption of
various traditional camel meat products is an important
part of cuisine during family and religious celebrations
and its certain parts such as hump and liver are considered
as delicacies [1, 2]. Various camel meat-based ethnic
products consumed across the world (Fig. 1) include Guedid,
Khliaa ezir, Fregate, Tarfa-Gara, Cachir, Maynama (Algeria,
Morocco), Tidkit, Khlii, Mkila, Tehal/tehane (Morocco),
Madfoon (United Arab Emirates, Saudi Arabia), Soudjouk,

Suçuk, Nakanek, Pastirma, and Merdouma (Egypt) [3]. Dif-
ferent methods to produce such traditional meat prod-
ucts involve drying, fermentation, salting, and cooking
or their combination with the main aim to improve the
palatability and shelf life of camel meat [4].
Despite of marginal contribution to average meat pro-

duction of the world and a decrease in the nomadic
population, camel population has increased at higher
rate in comparison to other species such as sheep, cattle,
and horses [5]. Camel meat production has grown to 14
tonnes in 2018 that corresponds to 6.4% increase against
previous year [6] and its processing into various ethnic
and modern-day food items (sausages, burgers, and
patties) is also showing considerable growth [3, 7–11].
Moreover, camel meat is considered as an appropriate
food source to meet the growing needs for meat in de-
veloping countries, especially for low-income population
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groups due to its resilient nature to survive in harsh
conditions and high carcass yield. Also, camels grow well
and may live to reach a weight of about 650 kg produ-
cing carcass weight ranging from 55 to 70% as such
making camel meat as good as beef in terms of carcass
yield [6, 12]. Apart from being a rich source of protein,
its consumption has also been associated with numerous
health benefits. Camel meat consumption has been used
in Chinese and nomadic traditional medicine probably
due to the presence of various bioactive components
such as carnosine and angiotensin I-converting enzyme
(ACE)-inhibitors [13, 14]. Moreover, with issues like cli-
mate change severely affecting the traditional livestock
production, rearing camels for meat production holds
potential as future protein source and may offer a viable
alternative to red meat [15]. However, despite its nutri-
tional and health benefits, camel meat is yet to find an
organized market which might be due to limited aware-
ness about nutritional potential as well as scattered in-
formation about the methods for improving its overall
quality.
A compilation of existing literature related to various

methods for improving the quality and shelf life of camel
meat has not been reviewed to the best of our know-
ledge. Therefore, this review attempts to explore the
nutritional composition, health benefits of camel meat,
as well as various technological interventions such as
packaging, pre-treatment, and processing to improve its
quality and consumer acceptance. This review will be
helpful for researchers and highlight the potential for
global marketability of camel meat and its products.

Relevant research articles were obtained from
PubMed, Scopus, and Google Scholar databases. The
relevant studies were identified by using keywords and
Boolean operators: “camel meat” AND (“composition”
OR “health benefits” OR “processing” OR “active pack-
aging” OR “fermentation”) AND (“shelf life” OR “” OR
“quality” OR “storage” OR “polyphenols” OR “plant
extracts” OR “inorganic acids” OR “curing” OR “sensory
analysis” OR “acceptability”). Manual research was also
conducted to identify any relevant studies in those
databases.

Nutritional composition of camel meat
Macronutrients
In general, meat is a rich source of macro as well as
micronutrients and provides essential amino acids, fats,
and vitamins essential for human growth. Camel lean
meat contains about 78% water, 19% protein, 3% fat, and
1.2% ash with a small amount of intramuscular fat,
which renders it a healthy food for humans (Table 1). Mo-
hammed et al. [23] reported higher moisture, mineral,
vitamin, and protein content in camel meat than mutton,
beef and chicken, while the fat and cholesterol content
was lower. The proximate composition of camel meat
has been reviewed and reported to be well within this
range [13].
Camel meat has been reported for its low-fat content

(1.1 to 10.0%) [24] in comparison with other meat
sources such as veal [25], bovine, and sheep [26]. In a
comparative study among different meat sources camel
meat (1.51%) was reported to have significantly lower fat

Fig. 1 Major camel meat producing and camel meat consuming countries
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content in comparison to beef (6.83%) and mutton
(4.56%) [23]. Kadim et al. [16] also reported the fat con-
tent of camel meat (2.8%) significantly lower than beef
(7.8%) confirming the leaner composition of camel meat
in comparison with beef. Similar results were reported
by Elgasim and Alkanhal [27] who reported a fat content
of 4.7% in beef that was significantly lower in compari-
son with camel meat fat content (2.6%). Biceps femoris
samples of camel meat (1.2%) showed a lower fat con-
tent in comparison to mutton (1.8%) and beef (18.1%)
samples [28]. The fat content of different portions of
camel and cattle meat such as biceps femoris, triceps bra-
chii, and longissimus dorsi showed significantly lower fat
content in the camel irrespective of age and gender [2].
Moreover, camel meat has been reported to have lower
cholesterol content in comparison to other meat sources
[13]. The cholesterol content in camel meat was re-
ported at 57.56 mg/100 g that was significantly lower
than that of beef (74.5 mg/100 g) [29]. In a comparative
study, similar results of lower cholesterol in camel
meat (139 mg/100 g) in comparison with lamb (196
mg/100 g) and beef (206 mg/100 g) were previously
reported [30].
Thus, the negative implication of meat consump-

tion on human health due to high amount of
saturated fat content is not applicable in case of
camel meat that can make camel meat a preferred
meat type across the world. Moreover, the high
content of polyunsaturated fatty acids with lower
levels of cholesterol adds more advantages to camel
meat consumption [13, 31].
Camel meat is also a good source of protein with the

amount varying from 20 to 23% [32, 33]. Bekhit et al.
[13] reported the protein content of camel meat was in
the range 18.2–23.7%. These protein contents are similar
to values previously reported by Dawood and Alkanhal
[34], but lower than the values previously reported by
Elgasim and Alkanhal [27]. The protein content of camel
meat makes it a good source of high-quality protein in
arid and semiarid regions.

Micronutrients
Camel meat is a rich source of both micro and macroe-
lements and is comparable to other meat types such as
veal, beef, and lamb [27, 33]. Camel meat contains the
highest potassium content followed by phosphorous,
sodium, and calcium, respectively. Ulmer et al. [35] re-
ported that the mineral and vitamin content of muscles
from the shoulder of a camel as calcium 6.5 g/100 g,
magnesium 23.6 g/100 g, potassium 293 g/100 g, sodium
58.2 g/100 g, zinc 3.4 g/100 g, iron 2.1 g/100 g, copper
0.2 g/100 g, thiamine 0.12 g/100 g, riboflavin 0.18 g/100
g, pyridoxine 0.25 g/100 g, and alpha-tocopherol 0.61 g/
100 g.
In general, camel meat quality characteristics are like

beef especially when slaughtered young [16, 33, 36]. The
authors reported camel meat to be a rich source of iron
(45.5 mg/100 g) in comparison to beef (1.8 mg/100 g),
mutton (4.05 mg/100 g), and poultry (0.4 mg/100 g).
Reza Gheisari et al. [2] illustrated that for most of the
factors studied, fresh camel, and cattle meat was similar,
apart from fat and ash contents which were lower in
camel meat (P < 0.05). The amino acid and mineral con-
tents of camel meat are often higher than that of beef
(Table 2), probably due to lower intramuscular fat levels
[16]. Camel meat has significantly higher levels of vita-
mins C, B3, B6, B12, D, and E in comparison with beef,
mutton, and poultry [23]. Gheisari et al. [40] reported
higher amounts of glutathione oxidase and catalase in
camel meat in comparison to beef and chicken.
Thus, the nutritional superiority of camel meat (Table

1) due to its lower fat content compared to many other
meat species can be considered as an important feature
by health-conscious consumers and may be exploited as
a marketing strategy of camel meat [34].

Variation in nutritional composition of camel meat
Effect of age
The effect of slaughter age on meat composition is im-
portant as it affects the quality characteristics of meat
that ultimately affect the consumer acceptance. Meat of

Table 1 Comparison of composition of camel meat with meat from other species

Species Moisture (%) Protein (%) Fat (%) Ash (%) Muscle References

Camel 71.0 21.4 4.4 1.1 Longissimus Kadim et al. [16]

Llama 73.9 23.1 0.51 2.43 Longissimus Cristofanelli [17]

Alpaca 73.6 23.3 0.49 2.5 Longissimus Cristofanelli [17]

Beef 71.5 21.5 5.5 0.9 Longissimus Mills et al. [18]

Sheep 68.9 21.0 8.5 1.2 Longissimus Sen et al. [19]

Goat 76.5 20.8 1.6 0.87 Longissimus Marinova et al. [20]

Broiler 75.5 22.4 1.5 0.6 PM Castellini et al. [21]

Duck 76.8 21.0 1.68 1.0 PM Baeza et al. [22]

PM pectoralis major
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younger animals is usually preferred over meat of older
animals due to affects related to tenderness and colour
[41]. The chemical composition of camel meat is
significantly affected by the age of the camel [33, 42, 43].
Ibrahim et al. [44] also reproted a significant increase in
the fat content while a non-significant change in the
protein content of meat from Sudanese camel of two age
groups viz 3–4 years and 6–8 years. Fat content of mus-
cles increased significantly from 92% in younger camels
(< 1 year) to 97% in older camels (> 3 years). Also, the
amount of saturation in camel meat fat was reported to
decrease with increase in age [42]. Cholesterol content
of older camels was reported to be significantly higher in
26-month-old camels (150 mg/100 g) in comparison
with 8-month-old camels (135 mg/100 g) [30]. Increase
in the cholesterol content of camels with increase in age
has been attributed to increase in fat content rather than
increase in the synthesis of cholesterol [13]. Kadim et al.
[33] studied the chemical composition of longissimus
thoracis muscle of Omani male camels from three differ-
ent age groups and reported a decrease in protein con-
tent while an increase in the fat content with increase in
the age of camels. It was observed that the moisture and
ash content of camel meat is not affected by age. Camel
meat from older animals had a higher mineral content

(Ca, Mg, Na, K, and P) than meat from younger animals.
Asli et al. [43] also reported a significant increase in the
iron content of camel meat with an increase in age.
Heavy non-essential metals such as Pb and Cd are
natural constituents of meat and were higher in older
animals (6–8 years) than younger ones. These minerals
are regarded as contaminants if present in high levels.
They are toxic and tend to accumulate in animal body
[45]. Asli et al. [43] reported significantly higher cobalt
and zinc concentrations in muscle during the first 6
months of the year.
Thus, camel meat from animals of younger age (1–3

years) should be preferred considering the tenderness as
well as lower fat and cholesterol content during initial
years of growth.

Effect of muscle portion
The nutritional composition of camel meat varies signifi-
cantly depending on the type of muscle studied. Kadim
et al. [46] found significant differences in moisture, fat,
protein, mineral, saturated, and unsaturated fatty acid
contents between muscles from 10 dromedary camel
carcasses. Suliman et al. [12] reported significant differ-
ence in protein, fiber, and ash content of camel meat
belonging to longissimus lumborum, biceps femoris, and
semimembranosus. However, Babiker & Yousif [47] re-
ported that three muscles (longissimus, semitendinosus,
and triceps brachii) of camel had same protein, fat, and
moisture content but had different ash content. Accord-
ing to Herrmann & Fisher [48], different portions of
camel vis. shoulder, loin, and topside had different nutri-
tional composition. The shoulder and topside had the
high protein (77–78%) and low fat (1.1%), while the loin
had the low protein (73%) and high fat percentage
(6.6%). Authors also reported a significant variation in
the vitamin and mineral content of camel meat from dif-
ferent anatomical sites on the carcass. However, Kadim
et al. [42] found that the fat of the hump and abdomen
has comparable fatty acid compositions. Gulzhan Raiym-
bek et al. [49] also reported significantly lower levels of
phosphorus, magnesium, sodium, and potassium in long-
issimus thoraces than semitendinosus, infraspinatus, tri-
ceps brachii, biceps femoris, and semimembranosus
muscles. A difference in the mineral content of camel
meat and camel liver was also reported [43]. Thus, over-
all nutritional composition of camel meat is significantly
affected by the muscle type studied.

Effect of breeds
The chemical composition of camel meat is reported to
vary with variation in the breeds. There is a marked vari-
ation in fat content between species, while water content
is almost similar (70–77% moisture) which is higher
than conventional meats [33, 34, 50]. Suliman et al. [12]

Table 2 Amino acid composition (g/16 g N) of meat from
different species

Camela Buffalob Harp sealc Beefd Chickene

Essential amino acids

Lysine 8.45 9.7 8.72 9.12 8.96

Threonine 4.4 4.75 4.53 4.64 4.16

Valine 5.16 4.51 5.8 5.28 4.8

Methionine 2.41 4.51 1.64 2.72 2.40

Isoleucine 5.23 1.31 4.58 5.12 4.64

Leucine 8.41 7.24 7.44 8.00 7.52

Phenylalanine 4.24 4.23 4.57 4.48 4.48

Histidine 4.33 3.33 5.01 3.20 3.04

Nonessential amino acids

Arginine 7.38 1.42 6.21 6.72 6.24

Aspartic acid 9.09 7.62 8.23 9.60 9.12

Serine 3.63 3.30 3.98 4.48 4.00

Glutamic acid 16.91 12.51 11.5 17.28 16.48

Proline 5.39 3.60 3.89 5.12 4.16

Glycine 5.95 4.50 4.47 5.60 4.82

Tyrosine 3.23 3.19 2.85 3.84 3.52

Alanine 6.25 3.24 5.88 6.40 5.76

Cystine 1.27 0.87 1.28 1.28

Tryptophan 0.60 1.20 1.28 1.12
aDawood and Alkanhal [34]; b Ziauddin et al. [37]; c Shahidi and Synowiecki
[38]; d,ePaul and Southgate [39]
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reported variation in the chemical composition of camel
meat in different camel breeds. The authors reported a
lower fat and ash content in Baladi Saudi and Somali
breeds than Pakistani breeds with no significant differ-
ence in the protein content. However, contrary results
suggesting a non-significant difference in the nutritional
composition of camel meat from four different camel
species of Saudi Arabia have also been reported [32].

Characterization of camel meat fat and proteins
The conversion of muscle to meat is achieved through a
series of biochemical changes converting muscle into
meat that is affected by the composition of meat [51].
These biochemical changes are followed by various com-
positional changes involving protein and lipid fraction
that affect the acceptability of meat [52]. These compos-
itional changes produce various degradation products
such as aldehydes, sulfides, free amino acid, and biogenic
amines such as spermidine, cadaverine, tyramine, etc.,
that depends on the lipid and amino acid profile of meat
[53]. The fatty acid and amino acid content and type
vary depending upon the type of meat source (Table 2).
For example, lamb and pork were reported to have lesser
contents of essential amino acids such as valine, lysine,
and leucine in comparison to beef [54]. Thus, a detailed
understanding of the compositional analysis of camel fat
and proteins can help food technologists in devising new
methods for improving its shelf life and consumer
acceptability.
Camel meat contains both saturated as well as unsat-

urated fatty acids with high levels of unsaturated fatty
acids than saturated ones [31, 32]. Rawdah et al. [31] re-
ported twenty-two fatty acids from camel meat contain-
ing good amount of unsaturated fatty acids such as oleic
acid (18.93%) and linoleic acid (12%). Maqsood et al.
[52] reported palmitic acid (C16:0) as a dominant fatty
acid followed by stearic acid (C18:0) and oleic acid (C18:
1 n-9). Content of total saturated fatty acid (SFA) and
unsaturated fatty acids were 58.46 and 41.5 mg/100 g.
Among unsaturated fatty acids, authors reported a high
content of oleic acid (32.725) and linoleic acid (3.806).
Similar results were reported by Mohammed et al. [23].
The higher content of saturated fatty acids can be due to
the age of camel slaughtered since saturation increases
with age [42]. Similar results were previously reported
[46, 55]. The authors also reported that in camel meat,
semitendinosus had the highest saturated fatty acids,
while infraspintus muscle showed lowest saturated fatty
acid content. Also, semimembranosus and biceps femoris
had the highest MUFA and PUFA suggesting fatty acid
composition depends on the type of muscle studied, re-
spectively. Mohammed et al. [23] compared different
amounts of fatty acids in beef, mutton, and chicken with
camel meat and reported lower levels of fatty acids such

as palmitic acid in camel meat. Similar results were re-
ported by Khezrian et al. [56].
Furthermore, camel meat was reported to have a

higher peroxide value and TBARS value while a lower
iodine value in comparison with chicken and beef. A
higher peroxide value and TBARS value indicates less
stable fat, while iodine value is a measure of unsatur-
ation in fats [57]. Higher lipid oxidation in camels has
been attributed to high heme content in camel meat
[58].
The major proteins identified in camel meat are my-

osin heavy chain, C-protein, alpha-actinin, tropomyosin,
and actin [52]. Camel meat has a higher content of es-
sential amino acids such as histidine, leucine, and isoleu-
cine than other meat sources. Lysine and leucine are the
most abundant essential amino acids in camel meat. The
tryptophan concentration was low in camel meat com-
pared with other meat sources (Table 2). Camel meat
has higher methionine and leucine content compared
with other red meats with a higher amino acid index
than other red meats. This suggests camel meat is a
source of high and superior quality protein than red
meat [58, 59]. Mohammed et al. [23] reported higher
levels of methionine, histidine, isoleucine, lysine, and
threonine in comparison with conventional meat
sources. There was no significant effect of the slaughter
age on the amino acid composition of camel meat; how-
ever, a difference of up to 166.7% was recorded with the
type of cut [46]. The total collagen amount was higher
in camel longissimus dorsi muscle as compared with
triceps brachii and semitendinosus muscles, probably
because of the morphological conditions to stabilize the
hump attached to the longissimus dorsi [47]. Camel meat
is regarded as a superior source of non-essential amino
acids such as glutamic and aspartic acids [23, 56]. How-
ever, contradictory reports about the quantity of alanine
in camel meat have been reported with evidences show-
ing higher as well as lower levels of alanine in compari-
son with conventional meat sources [46].

Health benefits of camel meat consumption
In general, meat is a rich source of protein and various
bioactive compounds that impart several health benefits
[60]. Amino acids and bioactive compounds in meat and
connective tissue prevent sarcopenia and maintain blood
pressure through ACE inhibitory components. The nu-
cleotides and nucleosides present in meat are essential
for maintaining the internal environment of human cells
[61]. Meat-derived bioactive peptides have various health
benefits that include antihypertensive, antithrombotic,
anticancer, antioxidant, and immunomodulatory proper-
ties [62]. Meat contains polyunsaturated fatty acids
[63] such as α-linolenic acid that are known to play a
vital role in the prevention of cardiovascular diseases,
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brain development in children, and other metabolic
effects [64–66].
Medicinal values of camel meat were reviewed that

suggested most camel meat consumers believe it is a
healthy option during the dry season during which
cattle are usually infected with various zoonotic dis-
eases [67, 68]. This belief probably originated from
the historical use of the animal organs as well as
meat in the remedial formulation by early Muslim
scholars: Al-Kindi, Al-Tabari, and Al-Qazwimi. Camel
meat and offal such as liver is believed to have medi-
cinal effects and are often eaten raw which is not ad-
visable because of the possible risk of zoonotic
infection like plague [69]. Studies and medical re-
search have proved that camel meat is superior to
other kinds of meat and is distinguished from other
animals by the fact that the percentage of its intra-
muscular fat declines as the animal gets older [70].
This quality, only found in camels, makes their meat
less fatty, so its consumption is healthy and recom-
mended for weight loss. Several epidemiological stud-
ies linked health problems such as obesity and
hypertension to the consumption of high saturated fat
and cholesterol intake of animal products [71]. This
has led to the concern that total dietary fat intake
should be restricted by replacing red meat consump-
tion with white meat. The growing evidence of low
cholesterol and fat content in camel meat can poten-
tially support its healthiness as a better alternative to
the high fat and cholesterol-rich meats such as mut-
ton and beef [72]. Low levels of saturated fat in the
diet are important for avoiding atherosclerosis be-
cause of their effect on plasma cholesterol levels. Low
intake of saturated fatty acids and cholesterol is im-
portant for the control of obesity and hypercholester-
olemia and to decrease the risk of cancer [73]. Health
organizations have recommended reductions in total
fat intake, particularly saturated fatty acids, and in-
crease in the consumption of polyunsaturated fatty
acids which are considered beneficial to human health
due to anticarcinogenic, anti-atherogenic, and
immune-modulating properties [74]. This renders the
camel meat, with its low fat and cholesterol content
and high unsaturated fatty acids, a healthy food.
Moreover, camel meat is believed by Somali and In-
dian people to have remedial effects for as many as
13 different diseases, including hyperacidity, hyperten-
sion, pneumonia, and respiratory diseases and also
tends to be an aphrodisiac [67]. The antihypertensive
potential of camel meat was attributed to its ACE in-
hibitors found at a concentration of 65.1–72.5% [14].
However, no in vivo studies exist that could authenti-
cate the medicinal effect of camel meat suggesting
plenty of scope for researchers to explore this field.

Furthermore, the low bioaccumulation of pesticides in
camel meat [75] is particularly of interest because many
American countries still face the problem with organo-
chlorine abuse in terms of the inventory of obsolete
pesticides or the lack of control of their use, which con-
sequently leads to health problems [76]. Camels are,
however, reared in arid regions where the use of pesti-
cides is limited resulting in lower amounts of pesticides
in camel meat. However, lower pesticide residues in
camel meat observed by Sallam & Morshedy [75] might
be due to the lack of exposure to organochlorines rather
than natural lower bioaccumulation.
Camel meat is believed to cure seasonal fever sciat-

ica, and shoulder pain, as well as for removing
freckles by placing hot meat slices on freckled areas
[68]. Camel meat soup was used to cure corneal opa-
city and to strengthen eyesight [14]. Camel meat is
used to ease haemorrhoidal pains, and the hump fat
is used to remove tapeworm; dried camel lung used
to be prescribed as a cure for asthma especially if
taken with honey [77]. Camel meat is also known for
its high percentage of iron, one of the important
components of blood haemoglobin which helps to re-
duce the risk of anaemia. Camel meat contains carno-
sine (181.7 mg/100 g), a dipeptide known for its
antioxidant properties and is converted to another
bioactive compound called anserine. Carnosine con-
tains alanine and histidine found in high concentra-
tions in brain tissue where it is reported to function
as a putative neurotransmitter [14]. The levels are re-
ported to vary between different camel muscle princi-
pally due to varied metabolic activity [78]. Camel
meat is reported to be a rich source of carnitine and
taurine that are known for various health benefits
such as conjugation of bile acids and regulation of
calcium signaling [68].

Strategies for enhancing the quality and shelf-life
of camel meat
Aging
Aging is a complex process that improves various quality
attributes of meat over time that depend on physico-
chemical parameters, rate of acidification, changes in os-
motic pressure, and proteolytic and glycolytic enzymes.
An aging period of 7 days at 2–3 °C was reported to sig-
nificantly improve camel meat quality [12, 46]. Increased
drip loss and reduced water-holding capacity due to a
decrease in the sarcomere length on day 5 and day 7
were reported [79]. Different studies illustrated that
aging enhances the muscles’ tenderness [77]. Increased
tenderness during aging has been attributed to post-
mortem decrease in pH and proteolytic processes and
increased myofibrillar fragmentation index [12].
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Low-temperature storage
Low-temperature storage has been widely used for redu-
cing the growth of spoilage and pathogenic bacteria/mi-
crobes in meat. A decrease in temperature reduces the
rate of reaction resulting in a decrease in the metabolic
activities of cells. Storage at refrigeration temperature (4
°C) reduced the growth of spoilage-causing microorgan-
isms, E. coli O157:H7 and Salmonella spp., and in-
creased the shelf life of ground camel meat [9, 10].
Increased protein extractability, solubility, TCA-soluble
peptides, and drip loss during storage suggest proteolysis
and degradation of structural proteins (Fig. 2) during re-
frigerated storage of camel meat [52]. This observation
was complemented by the SDS-PAGE pattern [80]
depicting noticeable degradation of myosin heavy chain,
C-protein, alpha-actinin, as well as tropomyosin bands
on day 9 of storage. Camel meat has been reported as
more tender than beef after an aging period of 7 days
and attributed it to higher protease activity as indicated
by the degradation of Z-line and production of 30 kDa
fragments (a degradation product of troponin T) [80].
The authors reported that in beef, the 30-kDa compo-
nent was absent up to 3 days of storage and then started
to appear. The appearance of a 30-kDa band at 3 days of
storage in camel meat also implied that this meat had a
higher degree of proteolysis [80]. An increase in lipid
oxidation as indicated by an increase in the peroxide
value (PV) and thiobarbituric acid reactive substances
(TBARS) during storage of camel meat has been

reported [52, 57]. Camel meat was found to be brighter
(higher b* value), tenderer, and more stable to oxidative
damage (lesser formation of thiobarbituric acid) than
beef during aging periods of 72 and 168 h [36]. A signifi-
cant interaction effect of aging with the breed as well as
the type of muscle on various quality parameters of
camel meat has been reported affecting quality especially
camel meat tenderness [12]. The authors also reported
that aging had no adverse effects on sensory analysis pa-
rameters such as colour, flavour, tenderness, juiciness,
and acceptability values. A significant decrease in en-
zyme catalase and glutathione peroxidase enzyme during
refrigerated storage of camel meat for 4 days was re-
ported [40]. Also, the peroxide value and TBARS values
were reported to increase in camel meat. A significant
decrease in the heme content and a corresponding de-
crease in the b value of camel meat during a 9-day re-
frigerated storage of camel meat was reported [52]. Reza
Gheisari et al. [2] reported a decrease in water-holding
capacity, while drip loss and acid value increased during
the frozen storage of camel and cattle meat. However,
there was no difference between the studied parameters
of camel and cattle meat at the end of storage.
Changes in the protein pattern of camel meat packed

under three different packaging systems during 14 days
of refrigerated storage were studied by Maqsood et al.
[81] (Fig. 3). The detectable protein bands in fresh camel
meat were myosin heavy chain (200 kDa), C-protein,
actinin, tropomyosin, actin (44 KDa), a-tropomyosin, b-

Fig. 2 Proteolysis in the camel meat proteins as determined by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (Source:
Maqsood et al. [52] with reprinted permission from Elsevier)
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tropomyosin, troponin T (32 KDa), troponin C (30
KDa), and myosin light chain (16–25 KDa). During the
storage in different packaging conditions at refrigerated
temperature for 14 days, different proteins in the camel
meat underwent degradation to different degrees as
depicted in Fig. 3. Myosin heavy chain, C-protein, alpha-
actinin, as well as tropomyosin bands showed a notice-
able degradation on day 14 of storage in case of wrapped
sample and a mild degradation in air-packaged samples.
The degradation of different protein bands in wrapped
and air-packed camel meat was mainly due to enzymatic
degradation of proteins caused by the bacterial load.
Thus, a huge lacuna exists pertaining to the storage of
camel meat using novel methods of meat storage.

Effect of pretreatments
Different pretreatments have been reported to improve
meat quality characteristics by reducing the microbial
load, lipid peroxidation, shear value, and improving
colour retention in meats.
Addition of plant extracts containing various bioactive

compounds have been used to improve the shelf life of
food products [82]. Djamel et al. [83] reported addition
of Olea europaea subsp. laperrinei improved the shelf
life of fresh camel meat by reducing lipid peroxidation

with highest score for sensory acceptability by sensory
panelists. Polyphenolic compounds due to their antioxi-
dant potential have been extensively used for mitigating
lipid peroxidation in camel meat. Maqsood et al. [84] re-
ported better quality retention in the camel meat with a
significant decrease in psychotropic and mesophilic bac-
terial counts in camel meat by the intervention of phen-
olic compounds especially tannic acid and catechins
than gallic acid and caffeic acid (Fig. 4). Gheisari et al.
[40] used garlic in biceps femoris muscles of camel and
reported a significant decrease in lipid oxidation
parameters such as peroxide value and TBA values over
a storage period of 14 days. Fresh garlic was reported to
impart antioxidant and antimicrobial effects at 40g/kg in
camel meat. Shahbazi et al. [85] also reported that essen-
tial oil from Mentha spicata at concentrations of 0.5%
and 1% improved preservation of camel meat without
developing any unfavourable organoleptic properties. In-
corporation of ginger improved the physicochemical and
sensory properties of camel burgers [86]. The authors
reported a significant increase in various sensory param-
eters such as tenderness, juiciness, flavour, appearance,
and overall acceptability. Incorporation of gingerol re-
sulted in a significant decrease in the total plate count,
total psychrophilic counts, total enterobacteriaceae

Fig. 3 Protein degradation as analyzed by SDS-PAGE in camel meat as influenced by different packaging conditions. M, marker; F, fresh samples;
V, vacuum-packed samples; Air, air-packed samples; W, wrapped samples; SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(Source: Maqsood et al. [81] with reprinted permission from Elsevier)
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count, number of coliforms, and total mold counts as
well as various biogenic amines in a dose-dependent
manner in camel muscle and offal (kidney, rumen,
lungs) [87]. Biogenic amines such as tyramine, putres-
cine, and cadaverine are spoilage indicators [88] that
measure the level of hygiene related to meat and meat
products [89]. A synergistic effect in reducing the micro-
bial load was reported when gingerol was used in com-
bination with nisin. The authors reported that 2.5%
concentration of each nisin and gingerol decreased the
level of cadaverine, tyramine, and spermidine to below-
detectable levels. Furthermore, addition of chitosan in
combination with citrox was reported to significantly
improve various sensory parameters such as colour,
odour, flavour, taste, as well as overall acceptability mea-
sured using a hedonic scale [90].
Curing is one of the widely used pretreatments in

meat [51] that involves the application of nitrates and
nitrites. Curing salts help in the retention of colour, im-
provement of taste, and retard microbial growth. Curing
resulted in lesser susceptibility of camel meat towards
lipid oxidation by preventing a decrease in the glutathi-
one peroxidase levels [91]. Fallah et al. [92] reported that
irradiation of fresh camel meat at 1.5 and 3.0 kGy ac-
companied by refrigeration storage-enhanced product
shelf life by 15 and 21 days without any significant detri-
mental effects on its sensory acceptability accessed by
sensory panelists, respectively. Improvement in the shelf
life of camel meat by 6 weeks using various irradiation
doses of 0–6 kGy was also previously reported [93].
Irradiation did not cause any significant changes in the
chemical composition or lipid oxidation of camel meat
and can be an important method for improving the shelf
life of camel meat by limiting the growth of various
pathogenic and spoilage bacteria. Electrically stimulated
camel meat at 90 V and 14 Hz was reported to have
lower ultimate pH and shear force values as well as

higher expressed juice and myofibrillar fragmentation
[94, 95]. Al-Sheddy et al. [50] treated fresh camel meat
with different organic acids and reported that sodium
acetate alone or in combination with bifidobacteria
maintained pH level and extended microbial shelf life (>
12 days). Furthermore, the sensory analysis of the
treated fresh camel meat samples showed better reten-
tion of surface colour with reduced off-odour develop-
ment in comparison with untreated samples during
storage. The use of salts such as NaCl and KCl have
been reported as an effective strategy for improving the
oxidative stability of camel meat due to its effects on
catalase and glutathione peroxidase [40]. The use of cal-
cium chloride infusions (250 mM injected at a rate of
5%) was reported to reduce the share value of camel
meat [96] which is attributed to activation of calpains by
Ca2+ resulting in myofibrillar solubilization thereby im-
proving the textural properties of camel meat. Evidently,
various pretreatments as well as curing significantly en-
hance various quality as well as sensory parameters of
camel meat and its products.

Effect of packaging and processing
Very limited literature is available regarding novel pack-
aging methods as an intervention for improving shelf life
of camel meat. Maqsood et al. [81] studied the effect of
different packaging material on the quality of camel
meat. Vacuum packaging was identified as a viable means
for preventing protein degradation, lipid oxidation, and
limiting microbial growth in comparison with camel meat
samples packaged in cling wrap. Vacuum-packaged sam-
ples showed better colour retention as indicated by higher
redness (a) values that was attributed to better retention
of heme in vacuum-packaged samples. Sensory analysis
also revealed higher results for overall acceptability and
odour of vacuum-packaged samples. Active packaging
films based on nanomontmorillonite-chitosan and

Fig. 4 Effect of different phenolic compounds on (a) mesophilic bacterial count (MBC) and (b) psychrophilic bacterial count (PBC) in camel meat
during 9 days of refrigerated storage. Bars represent the standard deviation (n = 9). Different letters on the bar within the same storage time
denote the significant differences (P < 0.05). Key: CON: samples without any treatment; TA: tannic acid-treated samples; CT: catechin-treated
samples; CA: caffeic acid-treated samples; GA: gallic acid-treated samples (Source: Maqsood et al. [84] with Reprinted permission from Elsevier)
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nanomontmorillonite-carboxymethyl cellulose loaded
with different concentrations of Ziziphora clinopodioides
essential oil were reported to enhance the overall quality
of minced meat samples. The active-packaged samples
were reported to have reduced TBARS and peroxide
values as well as received higher scores by sensory panel-
lists for odour, colour, and overall acceptability [56].
Djenane et al. [83] reported that synergistic use of various
biopreservation techniques such as refrigeration, modified
atmospheric packaging along with the use of nisin
improved the shelf life without any adverse effects on the
sensory attributes of camel meat.
Fermentation is a natural processing technique used

for enhancing the nutritional and nutraceutical con-
tent and shelf life of different meat types depending
upon the starter culture used [97]. Various strains
such as Lactobacillus sakei, Staphylococcus xylosus,
and S. carnosus have been safely used in meat prod-
ucts [98, 99]. Competitive exclusion and production
of inhibitors such as nisin limit growth of spoilage
and pathogenic microorganism. There is an increase
in the shelf life of minced camel meat products using
various lactic acid bacteria cultures isolated from nat-
urally fermented foodstuffs [8]. The improvement in
shelf life was attributed to the antibacterial effect of
selected cultures. Camel meat sausages were fermen-
ted with Lactobacillus casei and L. paracasi and eval-
uated for various quality characteristics after
0.10,20,30,40, and 45 days of storage [11]. The au-
thors reported that sausages fermentated with L.
paracasei had superior physicochemical, microbial,
and sensory characteristic. Enhanced flavour, texture,
and overall acceptability of sausages was attributed to
various catabolic products generated from carbohy-
drates, lipids, and proteins by microbial starter cul-
ture, while lactic acid produced by the lactic bacteria
was reported to promote the colour. The generation
of more intense flavour components in a fermented
sausage (sucuk) in which beef was replaced with
camel meat was also reported [7]. Furthermore, the
hydrolytic enzymes from microbes generate bioactive
peptides that are known to impart various health ben-
efits [100]. Ayyash et al. [101] studied the effect of
fermentation using Lactococcus lactis KX881782 on
bioactivities of fermented beef and camel sausages.
Camel sausage showed significantly lower lipid oxida-
tion indicated by significantly lower TBARS values in
camel sausages. Furthermore, ACE inhibiting poten-
tial, antidiabetic potential and antioxidant activity of
fermented camel were superior in sausage containing
camel fermented meat. Fermentation is associated
with reduction of biogenic amines that are potentially
unsafe nitrogenous compounds generated from de-
carboxylation of some amino acids [102]. Camel meat

sausage containing a mixed starter culture of L. sakei,
S. xylosus, and S. carnosus were reported to have sig-
nificantly lesser concentration of biogenic amines
[98].
Among different processing methods, microwaving,

roasting, and braising, the highest cook loss and share
value were seen in microwaved samples. Several changes
such as disarrangement of sarcomere units, shortage of
sarcomere length, and physical disruption in myofibril
units in roasted samples were observed [103].

Conclusion and future research
Camel meat is a rich source of various macro and micro-
nutrients making it nutritionally as good as any conven-
tional meat sources. The nutritional quality of camel
meat varies with age, breed, and type of muscle. In
addition to high levels of various essential amino acids,
camel meat contains both saturated as well as
unsaturated fatty acids. Camel meat is low in fat and
cholesterol making it a preferred choice of meat for
health-conscious consumers. The nutritional aspects and
health benefits of camel meat can be utilized as a mar-
keting strategy for enhancing its consumer acceptance.
Camel meat quality as well as shelf life can be improved
by using various pretreatments such as the use of poly-
phenolics, curing, aging, and packaging. Among various
technological interventions, active packaging and fer-
mentation have plenty of scope in enhancing the quality
and consumer acceptance of camel meat. Further re-
search should be directed to implement innovative pro-
cessing and preservation technologies for development
of diverse products with superior consumer acceptance.
Furthermore, studies directed towards the development
of appropriate packaging of camel meat is needed for
the shelf-life extension which will promote the export of
camel meat to the countries where camels are not
reared.
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