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A total of 90 random fresh meat samples from fore and hindquarters of cattle, sheep, and camel
carcasses (30 each) were collected from different butchers’ shops in Tanta city, Gharbia
Governorate, Egypt. All samples were subjected to physical and chemical evaluation for their
quality assessment. Sensory evaluation of forequarter recorded good for cattle, camel samples
while sheep samples were acceptable. Concerning hindquarter samples were very good for
camel, cattle, and sheep samples. Chemical composition of fore and hindquarter samples, the
moisture content of cattle samples recorded the highest mean values (74.4-74.1), followed by
sheep samples (73.5-73.0) then camel samples (72.1-72.4). At the same time, Protein content
mean values of camel (21.8-20.6) were higher than those of cattle (19.9-19.3) and sheep
samples (18.7-18.5). Fat contents mean values of sheep samples (3.0-3.3) were more than cattle
(1.9-2.1) and camel samples (1.4-1.9). Ash contents mean values, camel samples were (2.4-
2.8) higher than those of cattle samples (2.1-2.4) and sheep samples (1.7-1.9). Furthermore, for
keeping quality criteria, mean values of PH, TVN (mg%), and TBA (mg/kg) of fore and
hindquarters were recorded. The lowest results were for camel samples (5.64-5.72), (4.64-
5.37), and (0.08-0.13), respectively. Results showed significantly higher (P<0.05) in sheep and
cattle samples. Finally, we concluded that camel meat samples rich in protein, ash and
unsaturated fatty acid higher than those of beef and mutton samples with relative longer shelf

life due to its high keeping quality criteria.

1. INTRODUCTION

Oxidation reactions occur during meat and its ingredients
processing, delivery, and storage, resulting in unwanted
physicochemical variations and aromas and a reduction of
food consistency. This may manifest itself in market
frustration and economic decline. The global population is
expected to grow by 35% over the next three decades. In
developed countries, this growing population would be
accompanied by an increase in living conditions, resulting in
an increased demand for animal protein by 2050 (FAO,
2009).

Meat is considered a good source of protein, vitamins, and
essential fatty acids. It has a high content of water
corresponding to the water activity 0.99 (Rao et al., 2009).
Proteins are susceptible to oxidative degradation. Pro-
oxidants found in meat include reactive oxygen species,
reactive nitrogen species (Papuce et al., 2017).

Fresh meat is a perishable nutrient since it is high in protein,
omega-3 polyunsaturated fats, vitamins, and minerals, as
well as endogenous antioxidants and other bioactive
compounds such as carnitine, taurine, carnosine,
ubiquinone, and creatine. As a result, the meat quality is
determined by changes in its chemical components: protein,
moisture, fat, and ash. Contamination of meat results in
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spoilage, reduces the shelf life of meat, and can pose health
risks to consumers (Elsharawy et al., 2018). Total volatile
nitrogen (TVN) is a highly flammable and poisonous
nitrogen compound that is formed through bacterial or
enzymatic degradation. Additionally, its content slowly
accumulates in spoiled meat. pH is a measure of acidity and
alkalinity, and it increases as meat protein decomposes and
alkaline substances are formed (Cheng et al., 2017). The
thiobarbituric acid reactive substances (TBARS) assay is a
critical indicator of lipid rancidity in meat because it
provides information on lipid oxidation (Tornuk et al.,
2015). Oxidation reactions are one of the most important
factors contributing to the deterioration of meat quality
(Lorenzo et al., 2017), with undesirable changes of
nutritional quality, color, texture (Gémez and Lorenzo,
2012), odor, and flavor (Shahidi, 2002). Besides, toxic
compound production could occur (Min andAhn, 2005).
Under typical storage conditions, oxidation of proteins,
lipids, and pigments is of natural occurrence in meat and
meat products. During lipid oxidation, hydroperoxide
formation enhances new degradation reactions and results in
the formation of undesirable volatile compounds such as
ketones, aldehydes, alcohols, and acids (Lorenzo et al.,
2018). Additionally, the physicochemical changes that occur
during the oxidation process reduce the digestibility,
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bioavailability, proteolytic activity, and solubility of
proteins and amino acids (Lund et al, 2011).
Furthermore, oxidation can have a detrimental effect on the
appearance of the product by oxidizing myoglobin to
oxymyoglobin and metmyoglobin and resulting in brown
pigment formation (Lorenzo et al., 2017).

In sight of these facts, the current study was aimed to clarify
physical, chemical, and nutritional structure (nutritive value)
and keeping quality criteria of retailed beef, mutton, and
camel meat samples.

2. MATERIAL AND METHODS

Samples collection:

Ninety random fresh meat samples of cattle, sheep, and
camel carcasses (30 of each) were collected from the
different butchers’ shops located in Tanta city, Gharbia
governorate, Egypt. The retailed meat samples taken from
each carcass were represented by fore and hindquarters (15
samples of each). Each sample was placed in a separate
sterile plastic bag and held cold in an icebox transported to
the laboratory without delay to be analyzed as soon as
possible.

Sensory (color, odor, appearance and consistency) and
chemical examination were conducted on all collected
samples to evaluate their nutritive value (moisture, protein,
fat and ash%), keeping quality (pH, TVN and TBA).

Sensory evaluation (Fik and Fik, 2007):

Sensory properties of raw meat samples were assessed by a
five well-trained member panel and tested in sensory
sensitivity according to (Fik and Fik, 2007). Briefly,
Representative samples of the examined meat were
randomly chosen and served in the laboratory on porcelain
dishes (open area). Panel members were asked to rate the
freshness grade on a S-point scale, with each attribute
ranging from 1 to 5 points based on the sensory standard
specification. The samples were tested for the following
properties: color, odor and appearance. Overall sensory
consistency scores of 5, 4, 3, 2, and 1 correspond to the
values of meat samples classified as very good, good,
acceptable, unacceptable, and poor, respectively.

Chemical composition analysis:

The content of moisture, protein, fat, and ash in the
examined meat samples was measured by AOAC (2006)
methods.

Physicochemical analysis:

PH values were recorded by using a digital pH meter
(HAANA, h1902 meter, Germany) as described by (Pearson,
2006). Total wvolatile nitrogen (TVN) was measured
according to the procedure of (ES: 63-9/ 20006).
Measurement of thiobarbituric acid (TBA) value was
performed according to ES: 63-10/2006.

Statistical methods:

Data analysis was done using SPSS version 19 (Chicago, IL,
USA) using One Way analysis of variance (ANOVA). Post
hoc analyses were determined using Duncan's test. Data
were expressed as means + standard error (SE). All
experiments were done in triplicate.

3. RESULTS
Sensory evaluation of forequarter in Table (1) showed that
beef and camel samples were good while mutton samples

were acceptable. Where, sensory evaluation of hindquarter
recorded that camel samples were very good where beef and

mutton samples were good.
Table 1 Average scores of sensory characteristics of the examined samples of
fore and hind quarter retailed meats (n=20).

Odo Appear Consist Over
Color r ance ency all S
Charac 5 ensor
- © e 6 Gl
Qualit
y
Beef Fore 4.1 4.0 42 43 42 Good
meat Hind 43 43 45 44 44 Good
Muto O 33 39 4l 40 3.9 aAbclzept
nmeat  Hind 4 40 43 43 42 Good
Fore 43 42 43 43 43 Good
Camel Hind v
meat n 45 44 45 45 45 ey
Good
4.5-5: Very good 4-4.5: Good 3-4: Acceptable
2-3: Unacceptable 1-2: Bad

In Table (2), mean values of moisture (%) of fore and
hindquarters samples recorded 74.4, 73.5, and 72.1 and 74.1,
73.0, and 72.4 for beef, mutton, and camel meat samples,
respectively

While mean values of protein content (%) of fore, hind
quarters samples were 19.9, 18.7, and 21.88, and 19.3, 18.5,
and 20.6 for beef, mutton, and camel meat samples,
respectively.

On the other hand, mean values of fat content (%) of fore
and hindquarters samples were 1.9, 3.0, and 1.4 and 2.1, 3.3,
and 1.9 for beef, mutton, and camel meat samples,
respectively.

The result showed significant difference between different
species and between fore and hind quarter at (P<0.05).
Also, in Table (2), data obtained of ash content (%) of fore
and hindquarters samples were 1.7,2.1, and 2.4 and 1.9, 2.4,
and 2.8 for beef, mutton, and camel samples meat,
respectively.

Table 2 PCR Mean values of chemical composition of different parts of fore
and hind quarter of examined meat samples (n=20)

Fore quarter Hind quarter
items Beef mutton Camel Beef mutton Camel
meat meat
Moisture%  74.4* 73.5%® 72.1% Z? 73.0% 72.4%
Protein% 19.9° 18.7% 21.8¢ ;? 16.5%® 20.6¢
Fat% 1.9° 3.0° 1.4%¢ 2.1 3.3° 1.9%
Ash% L.7° 2.1% 2.4be 1.9* 2.4% 2.8
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acMeans with different superscripts in the same rows were significantly
differed (P<0.05)

Furthermore, the mean values of PH of fore and hindquarters
samples in table (3) recorded 5.71, 5.77, and 5.64 and 5.81,
5.84, and 5.72 for beef, mutton, and camel meat samples,
respectively.

Regarding TVN (mg%), the mean values of fore and
hindquarters were 6.08, 7.11, and 4.64 and 7.61, 8.75, and
5.37 for beef, mutton, and camel meat samples, respectively.

Table 3 Chemical characters of different parts of fore and hind quarter of
examined meat samples (n=20).

Fore quarter Hind quarter
Ttems Beef  mutton Camel Beef mutton Came
meat | meat
PH 5718 577 5.64* 5.81° 5.84° 5.72*
TBA 6.08  7.11%  4.64° 7.61°  8.75°  537°
TVN 0.12*  0.22° 0.08¢ 0.18" 0.29° 0.13¢

Finally, TBA (mg/kg) mean values of fore and hindquarter
samples were 0.12, 0.22, and 0.08 and 0.18, 0.29, and 0.13
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for beef, mutton, and camel meat samples, respectively. The
result showed significant difference between different
species and between fore and hind quarter at (P<0.05).

4. DISCUSSION

The organoleptic examination is one of the main indications
of meat quality. This sensorial quality has a great influence
on meat purchase decisions and its acceptance to the courier.
The result of sensory examination revealed that samples of
forequarter recorded good for cattle and camel samples and
acceptable for sheep samples, while samples of the hind
quarter were very good for camel samples and good for beef
and mutton samples. The result was similar to El-Mehrathe
al., (2009) who recorded good score for camel and beef meat
samples. Among meat quality attributes, tenderness is rated
the most important by the average consumers (Lawrie and
Ledward, 2006).

Physical properties play a significant role in the market
acceptance of beef. Low or high sensory appraisal scores
attract low or high taste, juiciness, and overall acceptability
scores (BuNch et al., 2004).

Consumers often use the bright red color of meat as a
preference criterion when ordering. A dark gray-purple
color can be detrimental. Coloring may also be used to
denote spoilage (Filipone, 2007).

Consumers depend on external presentation to determine the
freshness of meat. Myoglobin is responsible for the color of
red meats. Myoglobin oxidation occurs during refrigerated
transportation, resulting in the brown discoloration of meat
cuts. Consumers will stop purchasing cuts once the brown
discoloration exceeds 30% to 40% of the overall surface
color. Haem pigments myoglobin and oxymyoglobin are
oxidized into metmyoglobin, and the originally red color
turns brown. Also, lipid radicals and hydroperoxides,
resulting from the oxidation of fatty tissue, accelerate this
color change (Pipek et al., 2008).

On the other hand, chemical composition of fore and
hindquarter samples of moisture content (%) showed that the
beef sample had the highest mean values (74.4-74.1),
followed by mutton then camel meat samples. While protein
content (%) mean values for camel samples were (21.8-20.6)
higher than beef and mutton samples. Mean % of fat content
showed that mutton samples were (3.0-3.3) more than those
of beef and mutton samples. Furthermore, for Ash content
(%), the mean values revealed that camel samples were (2.4-
2.8) higher those of beef and mutton samples. The results
showed a significant difference at (P < 0.05).

The results were nearly similar to Elsharary et al. (2018) who
recorded the mean moisture, fat, protein and ash content for
mutton were 73.4, 3.2, 22.3 and 1.1 respectively, for beef
meat were 68.5, 12.2, 18.1 and 1.3 respectively and for
camel meat were 75.8, 1.7, 21.3 and 1.2.

The results were in co-ordnance with the standard level of
fat and protein for beef and camel samples 19-20% protein,
2-3% for fat content.

Camel meat is generating international competition in the
meat industry. Comparative data revealed that camel meat
contains far less fat than beef, is low in cholesterol and is
rich in protein. Camel meat is similar to beef in flavor and
texture. (Williams, 2002).

Regarding the chemical composition of lamb meat, mean
values of moisture, ash, proteins, and lipids are 76.15, 1.08,
19.32, and 2.18 g/100 g, respectively (Zapata et al., 2001).
Proteins are of high biological value. They can supply the
human beings' body with essential and non-essential amino
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acids (Ranken, 2000), so shortage of protein content in the
examined meat samples rendering them of low quality.

The results were coordinate with standard level of fat and
protein for beef and camel samples (19-20%) for protein and
(2-3%) for fat content.

Moreover, for keeping quality criteria of fore and
hindquarter samples showed that pH values were the lowest
for camel meat samples (5.64-5.72) followed by beef (5.71-
5.81) then mutton samples (5.77-5.84). The results showed
significantly differenced at (P<0.05). Results were in
coordination with Edris et al. (2013) who recorded 5.62 for
beef samples and 5.75 for camel samples.

PH may be used to assess the quality of meat. The final pH
is measured by a pH meter 24 hours after slaughter. The pH
of high-quality meat is 5.4-5.7. A living animal muscle has
apH of 7.1. The extent to which pH decreases after slaughter
depends on the muscle level of glycogen before animal death
(Belachew, 2003).

Concerning TVN (mg%) of fore and hindquarters, the mean
values clarified that camel meat samples were (4.64-5.37)
lower than those of beef samples (6.08-7.61) then mutton
samples (7.11-12.89). The results showed a significant
difference at (P < 0.05).

The results were similar to Edris et al. (2013) who recorded
7.63 for beef samples and 9.53 for camel samples.

Total volatile meat nitrogen content is increased with the
progression of putrefaction as ammonia is emitted during
storage due to amino acid deamination. The cumulative
TVN is, therefore, one of the good indices of fresh meat
decomposition (Byun et al., 2003).

Furthermore, for TBA (mg/kg) of fore and hindquarters,
mean values of camel meat samples were (0.08-0.13), then
beef samples (0.12-0.18) and mutton samples (0.22-0.29).
The results showed a significant difference at (P < 0.05).
The results were similar to Edris et al. (2013) who recorded
0.18 for beef samples and 0.07 for camel samples.

Camels play an important role in the agricultural economy
in Egypt because they are an important source of red meat.
Camel meat represented about 8.5% of the total annual red
meat consumption in the country during the period 1968-
2000 (CARDN, 2003).

Camel meat is healthy and nutritious as it contains low fat
and high water and protein content; fat content is about 1.2-
1.8% versus 4-8% in beef meat, water is 78%, and protein is
19%. It is also high in mineral content, so it has medical
benefits as it decreases the incidence of heart diseases, as it
is poor in saturated fatty acids (El-Atacy, 1996),

Camel meat has a similar flavor and texture to that of beef
but a comparatively higher in moisture content and less in
fat. The author also reported that camel meat steak has
similar protein levels (20.7g/100g uncooked) to that of beef
but less cholesterol with 61mg/100g of uncooked camel
meat. As a consequence, camel meat is marketed as having
significant health benefits, as has been endorsed by The
National Heart Foundation (Kevin Ellard, 2000).

5. CONCLUSION

In conclusion, camel meat samples recorded high protein
and ash content with high value in unsaturated fatty acid
with considerable amount of moisture, so camel meat is a
good choice for human consumption and is considered a
viable alternative to beef and mutton meat. Which is useful
for human health, moreover it has a longer shelf life as
retailed meat in the market due to its significantly lowered
values of pH, TVN and TBA.
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