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Abstract

This research was carried out to investigate key physicochemical parameters of milk samples collected from
camel, cow and goat in Jigjiga district, Eastern Ethiopia. Sixty fresh milk samples were collected purposively from
camels, cows and goats (twenty samples from each species) and analyzed. The results revealed that, cow milk had
6.30 ± 0.15 pH, 0.29 ± 0.04% titratable acidity, 14.6 ± 0.60% total solid, 0.75 ± 0.07% ash, 3.54 ± 0.12% protein,
5.54 ± 0.65% fat and 1.06 ± 0.03 specific gravity. Camel milk had 6.13 ± 0.11 pH, 0.36 ± 0.01% titratable acid, 13.65
± 1.39% total solid, 0.73 ± 0.03% ash, 3.15 ± 0.15% protein, 3.93 ± 0.15% fat, and 1.03 ± 0.00 specific gravity.
Results for goat milk was also recorded as 6.38 ± 0.08 pH, 0.33 ± 0.03% titratable acidity, 14.25 ± 1.16% total solid,
0.73 ± 0.07% ash, 4.62 ± 0.56% protein, 6.79 ± 0.38% fat and 1.04 ± 0.00 specific gravity. It can be concluded that
goat milk had higher protein and fat content than cow and camel milk.
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Introduction
Ethiopia is a country with largest livestock Population in Africa,

having different agro ecological conditions including arid and semi-
arid areas [1,2]. In Fafan Zone of Somali Regional State of Ethiopia
including Jigjiga district, pastoralism, agro-pastoralism and sedentary
production systems comprise 34.1%, 56.8% and 9.1% respectively [3].
According to a census conducted by the Central Statistical Agency of
Ethiopia [1], the camel, cattle and goat population of Jigjiga district
was estimated to be 85000, 439000 and 548000 respectively. In the area,
there is large milk production from cows, camels and goats, and milk
and milk products are important for family consumption and as a
source of income through sale of milk products [4].

The quality of raw milk is a term with a very broad meaning. It
encompasses such milk characteristics as chemical composition,
physical properties, microbiological and cytological quality, sensory
properties, technological suitability and nutritive value [5]. Physico-
chemical analysis is important tool to monitor the quality of dairy
products. Milk is an important source of all basic nutrients for
mammals. Milk from various mammals are used for producing
different dairy products including milk cream, butter, yogurt, ghee,
sour milk, etc. Consumers always demands nutritionally enriched milk
and dairy products [6]. Fresh milk considered as a complete diet
because it contains the essential nutrients as lactose, fat, protein,
mineral and vitamins in balanced ratio rather than the other foods [7].

Milk plays a tremendous role in building a healthy society and can
be used as vehicle for rural development, employment and slowing
down the migration of the rural population [8]. Several studies have
reported the presence of the essential components in various animal

milks [9]. Milk and milk products are known by its most diversified
natural foodstuffs in terms of composition which contains more than
twenty different trace elements including copper, zinc, manganese and
iron [10]. These trace elements are cofactors in many enzymes and play
an important role in the physiological functions of human and animal
body. Deficiency of these metals causes disturbances and pathological
conditions [11].

Milk and dairy products are part of a healthy diet which, besides
cow's milk, sheep's, goats and buffalo's milk are involved [12]. Milk is a
complex mixture of fats, proteins, carbohydrates, minerals, vitamins
and other minor constituents dispersed or dissolved in water [13].
Milk is an important part of the human diet and the nutritional
significance of milk is apparent from the fact that daily consumption of
a quart (1.14 liters) of milk furnishes approximately all the daily
requirements from fat, calcium, phosphorus, riboflavin, one half of the
protein, one third of vitamin A, ascorbic acid, thiamine and one fourth
of calories needed daily by an average individual [14].

Cow’s milk has long been considered a highly nutritious and
valuable human food and is consumed by millions daily in variety of
products [15].

Goat has been referred as the “poor man’s cow’’ due to his great
contribution to the health and nutrition of the landless and rural poor
[16]. Goat milk differs from cow or human milk in having better
digestibility, alkalinity and buffering capacity [17].

Camel milk is an important component of human diet in many
parts of the world. It considered as an important source of protein for
the people living in the arid lands of the world. Camel’s milk is
characterized with the high content of potassium, magnesium, iron,
copper, manganese, sodium and with the lower content of lactose than
cow’s milk [18,19]. Historically, camel’s milk has been used for a
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number of medical problems [20], as it has anti-cancer [21], hypo-
allergic [22] and anti-diabetic [23] properties.

The low quantity of ß-casein and the lack of ß -lactoglobulin are
linked to the hypo-allergic effect of camel milk. Other components
such as lactoferrin, immunoglobulins, lysozyme and vitamin C were
reported to play a central part in the determination of these properties
[24,25].

Camel milk has been consumed for centuries by nomadic peoples
for its nutritional value and medicinal properties. Currently,
pasteurized camel milk is produced and sold only in a few countries
including Saudi Arabia, United Arab Emirates, Kazakhstan,
Mauritania and Algeria [26,27].

According to Food and Agriculture Organization of the United
Nations (FAO) statistics, there are about 19 million camels in the
world, of which 15 million are found in Africa and 4 million in Asia.
Approximately 15 million dromedaries, representing two-thirds of the
world camel population, are living in the arid areas of Africa,
particularly in Northeast Africa (Somalia, Sudan, Ethiopia, and Kenya)
[28-30].

Milk is a complex colloidal dispersion containing fat globule, casein
micelle and whey proteins in an aqueous solution of lactose, minerals
and a few other minor compounds. Its physical properties are affected
by several factors including the composition and processing of milk.
Measurement of physiochemical properties of milk is used to
determine the concentration of milk component and to evaluate the
quality of milk products.

The acidity is usually expressed as pH. The pH of milk is more
dependent on temperature than that of buffers, such as phosphate;
since milk is a complex buffer system and variation in temperature
cause many changes. Differences in pH and buffering between
individual lots of fresh milk reflect compositional variation [31]. The
density and specific gravity of milk depend on composition and
temperature. Other factors, such as stage of lactation and nutritional
status affect density only in as far as they affect composition. The
specific gravity of milk decreases slightly with the increasing
temperature; partly because of the effect of temperature on milk fat but
also because the contraction of the other solids that occurs on mixing
with water decreases slightly.

The aim of present study was to assess and compare the
physicochemical parameters of milk samples collected from camel,
cow and goat of Jigjiga, Eastern Ethiopia.

Materials and Methods

Description of the study area
This study was carried out in Jigjiga district, Somali Regional state of

Ethiopia. Jigjiga is the capital town of Somali Regional State. It is
located at 628 km to the east of Addis Ababa at 9° 20’ north latitude
and 42o 47’ east longitude. The mean minimum and maximum
temperature in the area is 20°C and 30°C, respectively [32]. The
average elevation in this district is 1803 m above sea level, and the
average annual rainfall range from 300 mm to 500 mm [33].

Milk samples collection and handling
Sixty fresh milk samples were collected directly from the udder of

lactating camels, cows and goats (twenty milk samples from each

species) early in the morning using sterile sampling bottles in ice-box,
from Jigjiga district, Eastern Ethiopia. The district was considered
purposively for its high camel, cow and goat resources and accessibility
and logistic purpose. Six Kebeles (the smallest local administrative
units) were selected from the district based on the same criteria and
willingness of the households to take part in the study. The collected
and labeled milk samples were transported to the laboratory of
Chemistry Department, Jigjiga University within 4 hours for analysis.

Physicochemical analysis
The pH was measured using a digital pH-meter (Model 885, Max

electronics, India) calibrated with pH 4 and 7 buffers. Titratable acidity
was measured by titrimetric method as described by Bekele. Specific
gravity was determined using pycnometer as described by Bekele. The
total solids content in milk was determined according to the method of
[34,35]. Ash content was determined by gravimetric method using a
muffle furnace (Model ELF11/14, 1100°C, Keison, UK) at 550°C as
described by AOAC. Fat content was determined using Gerber method
according to AOAC. Protein content was determined by Kjeldahl
method as described by Davide.

Statistical analysis
The data were statistically analyzed using the statistical program

(SPSS program, Statistical Package for Social Sciences version 20). The
significant differences between means were calculated by a one-way
analysis of variance (ANOVA) using Duncan’s multiple-range test at
P<0.05.

Results and Discussion

pH
pH of the milk samples collected from different species, namely

cow, camel and goat, was determined at the time (early in the
morning) and site of sampling. The pH values of milk samples of those
species are given in Table 1. The result showed that, the pH value of
cow, camel and goat milk was in a range of 5.69-6.70, 5.70-6.49 and
6.18-6.70, respectively. The pH values of milk samples collected from
cow, camel and goat were non-significantly (p>0.05) different from
each other. The pH values of cow and goat milk were similar with
findings of [36-38]. pH values in camel milk was in agreement with the
results reported by Faten and Alajtal. The pH values of cow, camel and
goat milk was lower than the results reported by Faten, which were 6.6,
6.5 and 6.6, respectively.

Specific gravity
The specific gravity was in a range of 1.00-1.33% in cow milk, 1.03%

in camel milk and 1.03-1.04% in goat milk (Table 1). The specific
gravity of cow milk was similar with that of camel and goat milk. The
specific gravity of camel milk was also similar with goat milk. There
was non-significant (p>0.05) difference between cow, camel and goat
milk [39-41]. The specific gravity of milk in cow and goat was in
agreement with results reported by Asif and Tilahun. The specific
gravity of milk in camel was similar with result reported by Asif et al.

The amount of the studied parameters in the present work was in
consonance with reports by some authors and also there were
considerable variations when compared to the values reported by
others from different parts of the world. This discrepancy may be
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ascribed to such factors as lactation stage [42], feeding, breed, milking
frequency, milking system and age of the animal [43].

Titratable acidity
The values of titratable acidity of milk samples collected from cow,

camel and goat and are given in Table 1. It was observed from results
that the values of titratable acidity were in the range of 0.12-0.20% in
cow milk, 0.13-0.25% in camel milk and 0.14-0.22% in goat milk.
Difference between the values of titratable acidity of cow, camel and
goat milk was non-significant (p>0.05). The values titratable acidity of
cow milk was in line with that reported by Sumaira et al.

Source of milk %Titratable
Acidity

Specific
Gravity pH

Cow

Maximum 0.2 1.33 6.7

Minimum 0.12 1 5.69

Mean ± SEM 0.16 ± 0.04 1.06 ±0.03 6.30 ± 0.15

Camel

Maximum 0.25 1.03 6.49

Minimum 0.13 1.03 5.7

Mean ± SEM 0.19 ± 0.01 1.03 ± 0.00 6.13 ± 0.11

Goat

Maximum 0.22 1.04 6.7

Minimum 0.14 1.03 6.18

Mean ± SEM 0.18 ± 0.03 1.04 ± 0.00 6.38 ± 0.08

Table 1: Physical properties of various milk samples. The values are
Mean ± SEM; SEM=Standard error of mean.

Total solid content
The concentration of total solids in milk samples collected from

cow, camel and goat is given in Table 2. These results illustrated that
the concentration of total solids was in a range of 12.11-16.80% in cow
milk, 10.23-19.40% in camel milk and 8.17-17.75% in goat milk. From
this result, the amount of total solid in milk samples collected from
cow and goat was almost similar. The total solid content of milk sample
collected from camel was slightly less than that of milks of cow and
goat. Statistical analysis showed non-significant (p>0.05) difference
between the concentration of total solids in cow, camel and goat milk.
The amount of total solid in camel milk was similar to that reported by
Omer. This value was higher than the work reported by Kanwal, it is
lower than the results reported by Edwards. The values of total solid of
milk samples collected from cow and goat was higher than the values
reported by Kholif et al.

Ash content
Ash content in milk samples collected from cow, camel and goat is

given in Table 2. The results of this study revealed that the ash content
was in the range of 0.4-1.00% in cow milk, 0.56-0.80% in camel milk
and 0.66-0.99% in goat milk. The ash content of the milk samples
collected from the three species was similar. There was non-
significance (p>0.05) difference between the amount of ash content of
milk samples collected from cow, camel and goat. The ash content of
milk samples collected from cow, camel and goat were in agreement

with the result reported by Kanwal and Sabahelkhier. The ash content
of cow milk was higher than the result reported by Kholif and Davide.

Source of milk %Total
Solid % Ash %Protein %Fat

Cow

Maximum 16.8 1 4 8.6

Minimum 12.11 0.4 3 4.4

Mean ±
SEM 14.60 ± 0.60 0.75 ± 0.07 3.54 ± 0.12 5.54 ± 0.65a

Camel

Maximum 19.4 0.8 3.88 4.3

Minimum 10.23 0.56 2.76 3.1

Mean ±
SEM 13.65 ± 1.40 0.73 ± 0.03 3.15 ± 0.15 3.93 ± 0.15

Goat

Maximum 17.75 0.99 6 8.5

Minimum 8.17 0.6 2.05 5.8

Mean ±
SEM 14.25 ± 1.16 0.73 ± 0.07 4.62 ±

0.56a 6.79 ± 0.38b

Table 2: Chemical components of various milk samples. The values are
Mean ± SEM; SEM=Standard error of mean; superscripts indicate
significance when compared with the value in camel (a=p<0.05;
b=p<0.01).

Protein
Protein content in milk samples collected from cow, camel and goat

is given in Table 2. According to these results protein content was in
range of 3.00-4.00% in cow milk, 2.76-3.88% in camel milk and
2.05-6.00% in goat milk. The amount of protein content in cow and
camel milk was almost similar with non-significance (p>0.05)
difference. The amount of protein in goat milk was higher than the
milk of two species. There was non-significance difference (p>0.05)
between the amount of protein in cow and goat milk. The amount of
protein in goat milk had significance difference (p<0.05) when
compared to camel milk. The Protein content of cow milk was similar
with result reported by Davide and Kanwal. The amount of protein in
camel milk was in agreement with that reported by Enb. Protein
content in goat milk was higher than that reported by Kholif et al.

Fat
Fat content in milk samples collected from cow, camel and goat is

given in Table 2. Results illustrated that fat content of 4.40-8.60% in
cow milk, 3.10-4.30% in camel milk and 5.80-8.50% in goat milk [44].
From this result, the amount of fat in cow milk was slightly less than
goat milk with non-significance (p>0.05) level. The fat content of cow
milk was significantly (p<0.05) higher than camel milk. The values of
fat content in goat milk was higher than camel milk at highly
significant (p<0.001) level. The amount of fat in camel milk was similar
with findings reported by Kanwal and Enb.

Conclusion
From the tested parameters, the pH, titratable acidity, ash content

and specific gravity was almost similar in the milk samples collected
from cow, camel and goat. Protein and fat contents were higher in goat
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milk than cow and camel milk. Total solids, fat and protein were lower
in camel milk compared to cow and goat milk.
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