CHAPTER ONE

INTRODUCTION

1.1 Introduction:

Camels are considered to be a good source of mdknaeat and are
used for other purposes such as transportationspod racing (Saliland
Hamid, 2012). Camels were first domesticated cond®®Byears ago their
milk and for use as pack animals (Yagibl., 1994).

Sudan is one of the largest camel populated casnimi the world. Its
population is about 3.2millions (Tigaai al., 2007).Sudan and Somalia have
70% of the total African camels and 55% of thattleé world camel's
population. The camels were, and still are, valagdiding, baggage, draught
animals, hair hides and as well as the best foodigers in the arid areas
(Tiganiet al., 2007).

The camel had been one of the most neglected speicibe domestic
animals, although the camel has ability to prodowee milk for a longer
period of time in arid zones and dry lands (an mmment of extreme
temperature, drought, and lack of pasture) tharerottomestic livestock
species(Suliman, 2012).The majority of this numisekept by migratory
pastoralists Abbala” in arid and semi arid zones of Sudan, where camel
pastoralists prevail with limited resources in ssiesice production systems.
The mobility is the primary means by whidbbala compensate for the spare
resource (El Zubeiet al. 2008.

In the world the total camel population estimated 2®millions.In
sudan camels are classified into pack and ridifgeyTare concentrated in
Butana region of North_ eastern Sudan,in Kordofadh Rarfur states(in the
Northern dry lands of Sudan).Camels are raisedafmariety of purposes

including riding, racing, ploughing, packing andadting of goods. Camel



meat and milk are important staples and essenbiaponents pastoralists’
life, (Turki et al., 2007).

Camel’s milk constitutes are an important partha tiet in pastoral
societies in arid and semiarid regions in westeuda®. It is of vital
importance in drought areas. It's reported thatetamilk contained fairly
high vitamin C content. This is important as thare few alternative source
of this vitamin in the diet of transhumant cameldses (Bakheitt al., 2008).
Several studies have shown that camels are a gnodesof milk and they
constitute the most important source of meat id arneas. (Barakadt al.,
2007).

The most densely populated areas are Kordofanteasand
Northern Darfur states, followed by other regiomghie central and Northern
provinces (Majid and Bakheit, 2007). However, lmait information is
available on camel milk composition under pasteyatems in Darfur region,
Sudan. Camel milk needs to be further investigatedVNestern Sudan
especially Middle Dar Fur state. There are onlgw br scanty references on

camel milk composition, or fatty acids profile.

1.2Aims of the study:

The main objective of this study was to determihe themical
composition and fatty acids profile of camel milktaned from four different

locations in Middle Darfur state, Sudan.



CHAPTER TWO

LETERTURE REVIEW

2-1Milk

Milk is the most important product obtained frormed milk being a
complete food, helps to provide a nutritious anthieed diet to nomadic
desert people under harsh conditions. The compasii milk varies widely
and contains 2.9- 5.5% fat, 2.5-4.5% protein, 284blactose, 0.35- 0.95%
minerals and 8.9-14.3% solids-not-fat. It also aorg the essential vitamins,
which include vitamin A, vitamin D, vitamin B1, Béhd B12 and vitamin C.
The content of vitamin C is of specific interestitadevels are three times that
of cow milk and one-and-a-half that of human milke vitamin C content
varies between 5.7 and 9.8 mg percent (Kétah., 2004).

Farah, (1993) reported that camel’s milk is gemgi@baque white. It
has a sweet and sharp taste, but sometimes itecaalty. The taste generally
depends on the type of fodder and availability whldng water. The pH of
camel’s milk ranges from 6.2 to 6.5 and the derfsdyn 1.026 to 1.035. Both
density and pH are lower than those of cow’s nflkmpared to cow’s milk,

camel’s milk sours very slowly and can be kept Emgithout refrigeration.
2.2 Camel milk production

Farahet al. (1989) mentioned camelamelus dromedarius) are
Important as daily animals in certain regions & world. Most of the camel
milk is drunk fresh or when it has just turned soGamel milk has an
important role in human nutrition in the hot regaand arid countries (Salih
and Hamid, 2012). Camel milk is one of the mosti&hle food resources for
pastoral people in arid and semiarid areas. Irasteyears milk consumption
among urban population has been increased (Abd-Aladl., 2012). The
camel is of significant socio-economic importaneenany arid and semi-arid
parts of the world and its milk constitutes an imaot component of human

diets in these regions. These areas and conditnake it difficult to estimate
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camel milk production, other major factors incluglirboreeds, stage of
lactation, feeding and management conditions phaportant role in the
inconsistency of data. However, the current unc@fidata about the camel
milk production are scare and are based on obsengadf particular research
stations and rarely based on pastoral areas (FAID3)2 Camels milk
production in the world is reported to be about Bndlion tones are
consumed by humans, whereas, the remaining amedadl ito calves (FAO,
2008). Farah (1993) mentioned that it is diffictidtestimate the daily milk
yield of a camel under pastoralist conditions owingthe inconsistency of
milking frequency. Milk yield also varies with spes, breed, and stage of
lactation; feeding and management conditions. Hmgth of lactation can
vary from 9 to1l8 months. This depends mainly onhbsbandry practices,
which are largely determined by the need for mikre being required in the
dry months than in the wet months when other sesuotdood are available.
Estimates of milk yields from various countries gieen in Table 1. The data
are highly speculative and should be considereguaielines for milk yields
under pastoral conditions. It must also be noteat throughout lactation
calves are still suckling and therefore the actafilmes of milk secreted are
higher than the figures presented in the table 1.

Table 1: Milk yields of camels reported from variows sources:

Country Average dailyLactation length in Calculated yield in kg
yield in kg months per 365 days

Algeria 4 9-16 1460
Ethiopia 5 12-18 1825
India 6.8 18 2482
Kenya| 4.5 11-16 1643
Pakistan 8 16-18 2920
Somalial 5 9-18 1825

Source: Farah, (1993)



Seasonal variation effect on milk production infeliént species in
tropical and sub tropical zones are recognized.c@ming camels, large
seasonal variations in total solids and fat weigored from Jordon with

maxima in mid-winter and minima in August (ElZubeial., 2008).
2.3 Camel milk properties:

Suliman (2012) mentioned that the camel milk isomplex mixture
of fat, protein, lactose, minerals and vitaminse Hverage density of camel
milk is 1.029. The pH of fresh camel milk rangesnir6.5 to 6.7. The pH of
camel milk is similar to that of sheep milk. Howeveariations in time, pH
and acidity for the same source of milk could be tludifferences in hygiene
of the actual milking and the total microbial cowitthe milk. The camel
milk contains a greater content of antimicrobialmpmnents such as

lysozyme, lactoferrin and immunoglobulin's thanb@dwine or buffalo milk.
2.4 Milk composition:

The general composition of camel milk varies inioas part of the
world with range of 3.07-5.50% fat, 3.5-4.5% protd).7-0.95% ash and 3.4-
5.6 % lactose, 12.1-15% total solid (Salih and HRrD12). El Zubeid al.,
(2008) found that the general composition of camék varies in various
parts of the world with a range of 3.5 to 4.5% emot 3.4 to 5.6% lactose,
3.07 to 4.5% fat, 0.7 to 0.95% ash and 12.1 to 15# solids, These wide
variations in the constituents of milk were atttduito some factors such as
age, number of calving, management, stage of lantathe sampling

technigue used and feed quality.

Mal and Pathak, (2010) mentioned that the percalitevof moisture,
total solids, fat, SNF, protein, casein, ash, &gidnd pH ranged from 88.55-
90.15, 9.85-11.45, 2.60-3.20, 7.25-8.25, 3.73-38%0-3.02, 0.82-0.85, 0.12-
0.14 and 6.36-6.58 respectively. Moisture and mdt@ave been found to be
higher in camel milk compared to cow milk. Compamalow percentages of

total solids and fat in camel milk have definitesppze benefits of drinking
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camel milk over cow milk. Post partum changes irosgr chemical
composition of camel milk showed an increase irfriain 0.10 to 3.78 while
protein decreased from 17.62 to 2.66 percent aftetays of parturition.

In Sudan Bakheit (2008) demonstrated that the atednsbomposition
of camel milk under traditional system comprise$136 protein, 3.36% fat,
3.60% lactose, .081% ash, 89.26% moisture, 1020 golids. In late phase
of lactation the ash, fat and total solids weraificantly higher than in the
early phase of lactation. The fat is present irdixamount in milk and its
percentage changes according to the water conttarice a fall in water
content will increase the fat percentage while aardase in water will
decrease it. In the desert high water content Vath fat percentage is a
definite advantage. The higher ash contents duatgglactation suggest that
camel milk can provide a satisfactory level of maie (Mal and Pathak,
2010). Konuspayevet al. (2009). Concluded that camel milk is an important
source of proteins for the people living in theddands of the world.

Variation in camel milk composition was also olveer for camels
from the same species (dromedary). Further, sebsanations were found
to play a role in camel milk composition even fanwls from the same
species and regions (Bakheittal., 2008). An inverse relationship was found
between total solids in camel milk and water inthgecamel; found that all
components except lactose reached their maximunmmid-winter and
decrease to the lowest in the summer. For exarigild,solids were 13.9% in
December and January and 10.2% in August whichbzamelated to the
availability of drinking water. Moreover, the fabrment of camel milk
decreases from 4.3 to 1.1% due to the increaseaterwcontent of milk
produced by thirsty camels. The changes in cami& ecomposition could be
due to several factors including analytical measer# procedures, camel
diet, climate, water availability, livestock managmt and other factors
(Suliman, 2012).



The composition of camel’s milk quoted from variamirces and the
corresponding values from other animal species pesented in Table
2.There are greater variations in constituentsamhed’s milk than in cow’s
milk. Camels are known to produce diluted milk ot kveather when water is
scarce. The main difference between cow’'s and cammeik lies in the
different physicochemical characteristics of thedividual components
protein, lipids, ash, etc (Farah, 1993Fvidences in ruminants has
demonstrated that milk composition is strongly ueficed by feeding
conditions and it is suggested that when anima&aezeding in environments
guite different from that considered natural foerth a difference in milk
composition may be found. Moreover, if camel haérb&ept under better
management conditions milk production would be dye{ElZubeirel al.,
2008).

2.4.1 Water content:

The most important component in camel milk is thatewr content.
The water content of camel milk fluctuates fromt8480 percent. The water
content of camel milk is affected by amount of &img water. Water content
of fodder would also affect water content of millkhe increasing in water
content could be attributed to the decrease in smbds produced by the
thirsty camels (Suliman, 2012).

El Zubeir, (2008) showed that the most importamtdain camel milk for
people living in dry zone its water content deeththat young camel and
human livings in dry areas are in need of fluidsnaintain homeostasis and
thermoregulation.

2.4.2 Milk proteins:

Proteins represent one of the greatest contribsitadrmilk to human
nutrition (Farah, 1993). Total protein content afmel milk ranges from 2.15
to 4.90%. Camel breeds and seasonal conditions feenel, in particular, to
play a role in camel milk protein content. The maamponents of protein are

casein and whey proteins were found to be simidacamel milk of the same
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breed. Protein content was also reported to vacgrding to season for the
same breed and was found to be lowest (2.48%) mnm&r and highest
(2.9%) in winter (Elobieckt al. 2014). Mohamedy (2010) mentioned that the
Milk protein content of camel milk ranges from 2 %&b percent. The total
protein in camel milk is similar to that of cow kil Milk proteins perform a
variety of functions in living organisms rangingiin providing structure to
reproduction. The main components of milk protesme casein and whey.
Casein is found in no products other than milk.glass precipitated when
milk sours or when acid or rennin added. In chewaking, most of the
casein is recovered with the milk fat. In camel’gkimthe value of casein is
the lower limit of casein content of cow’s milk amdries between72% and
76% of total protein.

Casein is present in milk in the fooh finely divided particles
similar to clay in muddy water. The particles camtebeside the protein,
considerable amounts of calcium phosphate. The wlostrved particles in
cow’'s milk casein have a diameter from 40 to 160omaeter (1 nanometer =
10-7cm). In camel’s milk, casein particles rangelismmeter from 20 to more
than 300 nanometer (Farah, 1993). The casein doofedromedary and
Bactrian camel milk as 2.7 and 0.89 percent respdygtand that of aloumin
as 3.8 and 0.97 percent respectively. Milk from ydieaated camel has a
severely decreased protein percentage; this deratestthe direct effect of
drinking water on the composition of milk. It mus¢ stressed that protein
content of the feed will also directly affect tlzditmilk (Mohamedy, 2010).

The whey protein content in camel’s milk varieswesn 22% and
28% of total protein, which is slightly more thanaow’s milk. Camel milk
contains more proteins and whey protein than coW (8alih and Hamid,
2012).

2.4.3 Milk fat:

Camel milk fat consists of up to 98% of lipids ihet form of

triglycerides. Lipids serve as an energy sourceas@ solvent for fat-soluble
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vitamins and supply essential fatty acids. Thelyicgrides contain a variety
of fatty acids and are accompanied by small amoonftsli- and mono-
acylglycerols, cholesterol, free fatty acids anaggholipids. The fat content
of camel milk varies between 1.7 and 4.2% (Haasm&a888).Elobiedet al.
(2014) mentioned that fat content of camel milkbetween 1.2 and 6.4 %.
Compared with bovine milk, camel milk fat contasmaller amounts of short
chain fatty acids and a lower content of carotdimes lower carotene content
could explain the whiter colour of camel milk fat.

Milk fat serves nutritionally as an energy sour@ets as a solvent for
the fat soluble vitamins and supplies essenti&y f&atids. About 99% of milk
fat is a mixture of fatty acids (triglycerides) wdrying chain length from 4 to
20 carbon atoms (Farah, 1993).The camel milk faise different from that
of other animals. When left standing, fat is disited as small globules
throughout the milk. The ratio of fat to total sisiaverages 31.6 percent; this
IS much lower than that of the buffalo, which is.%t@ercent (Mohamedy,
2010). Farah (1993) mentioned the bulk of therfahilk exists in the form of
small spherical globules of varying sizes. The aefof these fat globules is
coated with a thin layer known as a fat globule fmeane, which acts as an
emulsifying agent for the fat suspended in milkeTthembrane protects the
fat and prevents the globules coalescing into bgttains and can be broken
by mechanical action. The fat content of camel'tkaaries between 2.9%
and 5.4% and the average size of the fat globsledout the same as cow’s
milk fat globules.

According to present knowledge, the main diffeemnbetween the fat
in cow’s milk and camel's milk are as follows:

1. Natural creaming of camel’s milk differs markettiom that of cow’s milk.
on standing, camel’s milk creams less rapidly anametely than cow’s milk
and no skimmable cream can be obtained even #fiediag for several days.
2. Compared to cow’s milk fat, camel’s milk fat ¢aims less short-chain fatty

acids.



Long chain unsaturated fatty acids occur to abdmeisame extents in both.

3. Butter can be obtained from camel's milk only Righ churning
temperature of 20°C to 25°C. These values are derably higher than that
of cow’s milk, which normally vary between 8°C at2’C.

4. The mean melting point of camel’s butter is aull.5°C and is on
average 8°C higher than that of corresponding galoecow’s milk butter
(Farah, 1993).

The variation in the fat content is associated i type of breed, stage of
lactation and feeding condition as described by Matlal. (1980).

2.4.4 Lactose:

Lactose is the major carbohydrate fraction in naifid is a source of
energy for the young calf. It is made up of twoamnsg glucose and galactose,
which are fermented to lactic acid when milk goesrs The lactose content
in camel’'s milk ranges from 4.8% to 5.8% and igtdly higher than the
lactose in cow’s milk. It seems that the lactosatent in camel's milk is
relatively constant throughout lactation (Faral93)9
The lactose content of camel milk varies from 2t405.80%. The wide
variation of lactose content could be due to thmetpf plants eaten in the
deserts. Camels usually prefer halophytic planth €8 a triplex, Salosa and
Acacia to meet their physiological requirementsalfs (Elobiedet al. 2014).
2.4.5Mineral salts and vitamins:

Farah (1993) reported that milk mineral salts awanhg chlorides,
phosphates and citrates of sodium, calcium and esugm. Although salts
comprise less than 1% of the milk, they influertserates of coagulation and
other functional properties. The mineral contentafel’'s milk expressed in
ash ranges from 0.6% to 0.8%. There is still liitkormation about the
mineral content of camel's milk. Data available lewer, indicate that
camel’s milk is rich in chloride and phosphorousidaow in calcium.

Camel’s milk contains less vitamin A, B1, B2, Eli¢daacid and pantothenic
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acid than cow’s milk while the content of vitaminB®&d B12 is about the
same level. However, various studies suggesteddhation of minerals in
camel milk is linked with genetic and environmengffiects (Sawayat.al.,
1984).

Mal and Pathak, (2010) mentioned that the levelatamin A, E and
B1 were reported to be low in camel milk compam@dhie cow milk. These
workers reported vitamin A, E and Bl as 20.1+1@&, 32.7+12.8.g% and
19.6£6.4 mg% in camel milk and 60.9+25.§%, 171.0+114.4ug% and
34.7£8.1 mg% in cow milk. Cow milk contains 99.6#629% p-carotene
and it is not detected in camel milk. The conceitnaof vitamin C in camel
milk in early and late lactation has been repofi€2b+0.47 and 4.84+0.20
mg%. The levels of vitamin A, E and B1 were highrercamel colostrums
than mature camel milk. Camel milk was reported ctintain various
vitamins, such as vitamin C, A, E, D and B grouganel milk is known to be
a rich source of vitamin C; the vitamin content weysorted to be three times
to five times higher than that in bovine milk(Sadihd Hamid, 2012).

However, the vitamin C content remains higher inureacamel milk.
The higher vitamin C content may be attributedn® iinore synthetic activity
in the mammary tissues during early phase of lactathat declined as
lactation advanced. The low pH due to the vitamicadtent stabilizes the
milk and can be kept for relatively longer periods.
The availability of a relatively higher amount atamin C in raw camel milk
Is of significant relevance from the nutritionalioas vitamin C has a
powerful anti-oxidant action. Camel milk can be alternative source of
vitamin C under harsh environmental conditions he farid and semi-arid
areas (Mal and Pathak, 2010).
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Table 2: Gross composition of milk from various anmnal species:

Species | Percentage composition

Moisture Fat| Lactose Protein Ash
Camel | 86-88 2.9-54 3.3-5.8 3.0-3.9 0.6-1.0
Cow 86-88 3.7-4.4 4.8-4.9 3.0-3.9 0.7-0.8
Goat 87-88 4.0-4.5 3.6-4.2 2.9-3.7 0.8-0.9
Sheep 79-82 6.9-8.6 4.3-4.7 5.6-6.7 0.9-1.0
Human | 88.0-88.4 | 3.3-4.7 6.8-6.9 1.1-1.3 0.2-0.3

Source: Farah, (1993)
2.5 Camel milk enzymes:

Mal and Pathak (2010) mentioned that the activibdésaspartate
aminotransferase (AST), alanine aminotransferadelJAgamma glutamyl
transferasey(GT), acid phosphatase (ACP), alkaline phosphatasP) and
lactate dehydrogenase (LDH) found to varies betwg88-9.21 IU/L, 9.49-
11.00 IU/L, 254.00-296.00 IU/L, 2.74-3.08 IU/L, 08-24.93 IU/L and
132.00-168.00 IU/L in Indian dromedary camels refigely. The activity of
catalase was ranged from 0.083-0.193 moles/min/gmratein in Indian
dromedary camels. Milk enzymes play an importaré o the keeping
quality of camel milk.y-GT was used as an indicator for the proper heat
inactivation of camel milk because it is destropetiveen 10 to 20 minutes at
72°C.

2.6 Fatty acids profiles of camel milk:

The fatty acids are divided according to the linrkagf the carbon
atoms into saturated and unsaturated fatty acmdsaturated fatty acids the
carbon atoms are linked in chain by single bondsnisaturated fatty acids by
one or more double bonds (Farah, 1993).The fatty @mposition of milk is
one of the aspects linked to the discussion ormh#adth effect of milk and

milk products. However, the fatty acid compositioh camel milk and
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comparison with other species have not documentethgvely especially in
Bactrian camel (Fayet al. 2008).

Haasmann, (1998mentioned thathe fatty acid composition of

milk fat has a significant influence on the teclugpstal and sensory
properties of milk products, e.g. cheese and hultbeorder to gain a deeper
understanding of the fat composition and its tetdgioal properties,
characterization of the fat is necessary. Recemtarazks in liquid
chromatography have made it possible to separalwidiial triglycerides
from an initial mixture of several hundred. Thetyaacid composition of
camel milk is characterized by a lower proportidnsaturated short chain
fatty acids, e.g. butyric acid, and higher concamins of some long chain
fatty acids, e.g. stearic acid and palmitoleic ariccomparison to cow milk.
Mal and Pathak (2010) reported thatgercent by weight values of

butyric, caproic, caprylic, capric, lauric, myristi myristoleic, palmitic,
palmitoleic, stearic, oleic, linoleic and arachidids were ranged from 0.31-
0.75, 0.2-0.6, 0.2-0.3, 0.2-0.4, 1-1.8, 15.9-28.7-4.5, 25-29.5, 6.1-19.1,
1.9-11.7, 6.8-24.9, 0.9-2.0 and 0.6-3.4% respdgtiigher content of long
chain fatty acids (C14-C18) and lower content afrskchain fatty acids (C4-
C12) are present in camel milk compared to cow milk

Elobied (2015) reported that the percent valuesatifrated fatty acids
caproic, caprylic, capric, lauric, tridecanoic, myic, pentadecanoic, palmitic,
heptadecanoic, stearic, arachidic, henicosanmgostnoic and hetracosanoic
in different seasons were ranged 2.41, 2.41, 19@®8, 12.03, 11.00, 10.65,
12.03, 4.81, 3.44, 6.87, 3.09, 1.03 and 0.69 reésede in summer season
and 0.00, 1.82, 3.64, 9.55, 12.73, 10.00, 10.%5K,49.0.00, 5.00, 10.91, 0.91,
7.27 and 0.45 respectively in winter season. Kpayevaet al. (2008)
mentioned that milk fatty acid composition is orféhe aspects linked to the
discussion on the health effects of camel’s mil#d amlk products. However,
the fatty acid composition of camel’s milk is noeMwdocumented especially

in Bactrian camels.
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The percent values of mono unsaturated fatty adiysistoleic,
Palmitoleic, Oleic, Eicosenoic, Erucic, and Nenwonanged 4.4, 7.4, 48.5,
14.7, 8.8, 0.00 respectively in summer and 15.77,1%4.5, 22.5, 2.9, 1.00
respectively in winter season. The poly unsaturdtty acids Linoliec,
Eicosatrienoic, Eicosatetraenoic ranged 42.11,3716.11 respectively in
summer season and 37.50, 5.56 and 41.67 respgctivelinter season
(Elobied, 2015). Higher contents of long chaaityf acids were also
reported for camel milk fat compared with bovinelkrfat. Similarly, the
unsaturated fatty acid is higher in camel milk, exsglly the essential fatty
acids (Elobieckt al. 2014).

2.7 Medicinal properties of camel milk:
There is a report that camel milk has medicinapprbes suggesting

that this milk contains protective proteins whiclayrhave possible role for
enhancing immune defense mechanism. Camel milk edsdains higher
amount of zinc. The rapidly dividing cells of themune system are sensitive
to zinc deficiency. The role of Zn in the developmand maintenance of a
normally functioning immune system has been wehldshed. Antibacterial
and antiviral activities of these proteins of cammélk were studied (Mal and
Pathak, 2010). Camel milk contains good amountlyszizyme, lactoferrin,
lactoperoxidase, immunoglobulin G and secretory umaglobulin A; these
antimicrobial factors were present at significangleater concentrations in
camel milk and were more heat stable compared Wdse in cow and
buffalo milks (Salih and Hamid, 2012).

Mal and Pathak (2010) mentioned that the camel ryidozyme
showed a higher lysis value towar8almonella typhimurium compared to
egg white and bovine milk lysozymes. The inhibitimhpathogenic bacteria
by camel’'s milk was also observed. Camel milk isdu$or treating dropsy,
jaundice, spleen ailments, tuberculosis, asthmananand piles. The patients
suffering from chronic hepatitis had improved livenctions after drinking of

camel milk. Camel milk has insulin like activityegulatory and immune-
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modulatory functions o cells. Camel milk exhibits hypoglycemic effect
when given as an adjunctive therapy, which mightdbe to presence of
insulin/insulin like protein in it and possessesndfeial effect in the
treatment of diabetic patients

Elsewhere, raw camel’s milk and a fermented pro¢ugamedshubat)
have always been an important food for Kazakh m=o@hubat is especially
renowned and is used for some medicinal purposesiygpayeveet al.,
2008). Camel milk has been used for the treatmérfo@d allergies and
autism. Camel milk can be used for the treatmentdifferent types of
tuberculosis. Camel milk possesses medicinal ptiggeto treat different
ailments such as multiple sclerosis, psoriasisusupnd allergies-asthma.
Camel milk drinking has shown good effect for tnegitcrohn’s disease (Mal
and Pathak, 2010).
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CHAPTER THREE

MATERIALS AND METHODS
3.1. Study area:

Middle Darfur state is in Darfur region; in westgart of the Sudan,
between latitudes 12°30' and 13° 30' North anditadgs 23°30' and 23°45'
west. To the north of it lays North Darfur statelda the east is East Darfur
state. To the west is West Darfur and to the s@athouth Darfur state. The
Middle Darfur states its unique position becauses isurrounded by many
valleys for example Azum valley in the west, Aryednd Touro on the other
side. In addition to its location, it is in westgyart of Jebel Marra which has
wet climate, fertile soil and available water res@s which is used for the

different types of agricultural activities (Ali, 2Q).
3.2 Climate:

Climate is one of the most influential elementstio¢ environment
aspects of life; through the impact of it is a cament of living organisms
this is illustrated by the following:

3.2.1 Temperature:

The rates of annual temperature in the Sudan settlean 20 degrees
Celsius and the temperature increases rate is $muth to north, with the
exception of areas bordering the northern and easégions and the high
mountains. The average annual temperature in Zalisgup to 25.7 degrees
Celsius. In May the temperature is the highest. ragmg 41.2 degrees
Celsius and the lowest in January as the averagper@ture is 10 degrees
Celsius (JMRDPMD, 2014).

3.2.2 Relative humidity:

The study area are characterized by a high prapodf moisture and
impact of the volcanic humid wind and escalatiomich in turn leads to
waste of humid air, in addition to the vulneralyildf heavy tree cover and

water surface and the large number of waterwayschwhre loaded with
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water, especially in the precipitation reaching tnghest summit of the
relative humidity in the month of August to moreth80% during the hours
of the day of the year, (JMRDPMD, 2014). More raimd so much moisture
leads to the emergence in the early morning faagitey to reduction of the
visibility to less than 400 meters and less moesiarin the month of March.
This is attributed to the rule of the northern va@nd@ihe relative humidity rises
in the rainy months in June-September, and relatiess in the rest of the
year.

3.2.3. Rainfall:

In the study area, which is part of Darfur, thesaegins in the month
of April and May and reach its maximum in Augustiastop at the end of
October, with maximum of annual distribution of 7@m and rapidly
towards the east and north-west, while in the souathdirection and west.
Usually there is much rain in the mornings and egnwhich stops in the
middle of the day (JMRDPMD, 2014).

3.3. Soil:

Soil is classified on the basis of sources of raeid although this type
of classification is no longer acceptable as asbfasithe classification in the
world, it is still useful for study in specific resms which is limited, because
knowledge of rock type which are derived from itlahe factors that led to
weathering help to understand many other propdrtie=rms of, minerals and
salts that are found out. Also concerning the degfesolil fertility, soil can be
classified in the study area based on the claasific of (Ali, 2012) in two
types:

1 - Soil foundation and rocks found in the hills.
2 - Soil found in floodplains, valleys and streams.

3.4. Milk sampling and storage:
Forty she-camels were selected fiaun herds belonging to Abbala

tribe from different location, ten samples wereetakrom each herds. Milk

samples were collected from these camels and &agdfto the laboratory.
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At the laboratory, the samples were carried ancedto a refrigerator at 4-5

Ce for later analysis.
3.5. Chemical composition determinations:

Chemical compositions were determined for the fattein, total
solids, ash contents, titratable acidity and spegfavity of the camel milk
samples.

3.5.1. Determination of fat content:

Fat content was determined using Gerber MethodsiMar(1993).Ten
ml of sulfuric acid (specific gravity 1.815 at 16°% was measured into clean
dry Gerber butyrometer tube, and then 11 ml of dawere added carefully.
Then one ml of amyl alcohol (specific gravity 0.84#¥15.5¢°) was added.
The content of the tube were thoroughly mixedrtdl white particles were
seen (until the curd was completely digested). Thbes were then
centrifuged at 1100 revolution per minutes (rpn)rfonutes. The tubes were
transferred to a water bath at 6%cf three minutes. Direct reading of fat
contents was recorded from measures on the tubes.

3.5.2. Determination of protein content:

Protein content was determined using Formol taratimethod
according to Chang (1998). Ten ml of milk sampleswaeasured into clean
dry white cup porcelain. Then 0.4 ml of saturateotapsium oxalate
(C:K,04.H,O) was added, then 0.5 ml of phenolphthalein (0.9%48 added
and titrated against 0.1 N NaOH till a faint cohppeared. Then two ml of
formalin (40%) was added and titrated against 0.8d&0OH second term till
no faint color seen. The protein content was ttadoutated as follows:
Protein% = Formol titration x 1.74
Where:

Formol titration: mis of NAOH after second ternrdtion.
1.74: bite factor.
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3.5.3. Determination of total solids content:

The total solids contents of milk sample were deteed according to
the method described in AOAC (199@)ve ml of sample were placed in a
clean dried crucible. The weight of each sample and the crucible was
recorded. The crucible contents were heated on a water bath for 10-15
minutes. The crucibles were put in an air oven at 100°C for three hours, then
placed in a desicator- to cool for 30 minutes and weighed. Heating, cooling
and weighing were repeated several times untildifference between two
successive weightings were less than 0.5 mg. Tiaégolids content of each

of the sample were calculated as follows:

W,
Total solids = W x 100

Where W= Weight of sample after drying

Wo=Weight of sample before drying

3.5.4 .Titratable acidity of milk:

Titratable acidity was determined according to AO&®90).Ten ml
of camel milk sample were placed into a clean dansadish and one ml of
phenolphthalein indicator was added. The sampletirased against 0.1 N
NaOH till a faint color lasted for at least 30 seds.

Then the titratable acidity of each sample wasutated as follows:
T

Titratable acidity =,

Where: T=Titration figures

W=Weight of samples
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3.5.5. Determination of ash contents:

The ash content of camel milk sample was determamcbrding to
AOAC (1990). Ten ml of milk sample were weighed gotalced in clean dry
pre-weighed crucibles. The crucibles were put evater bath for 30 minutes
and place in a muffle furnace at 560for 1%-2 hours. They were then
removed, placed in a desicator and left to coolweeghed and the ash
content of sample determined as follows:

W,

Ash% = W, x 100

Where:  W=Weight of ash.

W=Weight of sample.

3.5.6. Determination of specific gravity:

Specific gravity was determined using lactometethoe according to
Pakistan Society (2012). Camel milk sample was g@umnto a glass
measuring cylinder (250ml). Then the lactometeslavly lowered into the
milk until it floats. The lactometer must not béoaled to touch the sides of
cylinder or its bottom. Then reading lactometer amitled 0.5 degree.
Specific gravity of milk can be calculated by trdldwing formula (for all
type of lactometer):

Corrected lactometer reading

Specific gravity =  —--mmmmmmm o +1

3.6. Determination of Fatty acids profiles:

The milk fat was extracted from milk in liquid forlyy hexane. One
gram of fat was dissolved in 5 ml hexane. Fattylaevere determined after
methylation by gas chromatography and were confirmey mass
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spectrometry for each milk sample. A Varian 3408 ghromatograph was
equipped with a non polar DB-Wax capillary colunmmo{ten silica) of 60 m
length, 0.32 mm diameter and 02% film thicknesses (Christie, 1993).

3.7. Statistical analysis:

The data of the present study was statisticallylyard using SPSS
software (Statistical Package for Social Sciencession 16). In this
experiment ANOVA was used. Least significant eliént (LSD) was used
for mean separation of the chemical composition &ttty acids of camel

milk. The levels of significance p<0.05 was used in shisly.
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CHAPTER FOUR
RESULTS

4.1. Chemical composition of camel milk:

Results in Table 3shown the chemical compositiorcarhel milk

obtained from four different areas in Middle Dartate.

The average total solids content of camel milk damgollected
during this study from Garsilla, Nertety, Abata afdllo found to be
11.95+0.93%, 11.10+0.66%, 11.21+0.41%, 11.10+0.2€%pectively were
significantly different (P<0.05).

The protein contents of camel milk samples coli@dtem Garsilla,
Nertety, Abata and Sullo were no significant var(€¢0.05) between these
areas. The values average found to be 3.56+0.36+3.23, 3.64+0.14 and
3.64+0.18 percent respectively.

Also not significant variation (P>0.05) was foumdte fat contents of
camel milk samples among the four areas. The agevafues reported as
follows; 3.81+0.29, 3.60+£0.21, 3.72+0.21, and 3®24 percent respectively
for Garsilla, Nertety, Abata and Sullo.

The average titratable acidity of camel milk sammptellected from
these areas found to be 0.14+0.01 in Garsilla, #D1T3% in Nertety,
0.14+0.01% in Abata and 0.14+0.01% in Sullo, n@gn#icant differences
(P>0.05) were among the different areas.

The ash contents of camel milk samples obtained fGarsilla,
Nertety, Abata and Sullo, were found to be 0.95#%]1 0.87+0.07%,
0.94+0.13%, 0.89+0.08% respectively also no sigaift differences
(P>0.05) were reported.

The specific gravity of camel milk samples collecteom Garsilla,
Nertety, Abata and Sullo were not significant déieces (P>0.05). The
average value was similar in these areas it w&93MO01.
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4.2. Fatty acids profile of camel milk:

Results in Table 4 showed the fatty acids profifecamel milk

obtained from four different areas in Middle Dar&tate.

The capric acid of camel milk samples from GarsiNertety, Abata
and Sullo were not significant differences (P>0.0%)e average values found
are; 0.01+0.01%, 0.003%£0.01%, and 0.033+£0.06 % arsilla, Nertety and
Sullo respectively, while were not detected in Abat

The results demonstrated that the lauric acid ofetamilk samples in
the four areas were not significant different (@8). The average
concentrations are; Garsilla 0.02+0.03%, Nertet908+0.01%, Abata
4.16+7.21% and Sullo 0.008:01%.

The tridecanoic acid of camel milk samples was doilynd in Garsilla
area (0.05%£0.03%).While was not detected in milknglas from Nertety,
Abata and Sullo.

No significant variations (P>0.05) were found i timyristoloic acid

content of camel milk samples in the four areas.

Results showed that the oleic acid of camel mililngas were not
significantly different (P>0.05) in the four ared$ie average values found to
be 0.426.49%, 0.086.10%, 13.5921.86%, and 0.01@:02% for Garsilla,
Nertety, Abata and Sullo respectively. The eicogemmids of camel milk
samples collected from Garsilla, Abata and Sulloewsgnificantly different
(P<0.05). While was not detected in Nertety.

The results indicated that no significant variasiof>0.05) were
reported in the caprylic acids contents in the fargas, the average values
were 0.42+0.49, 0.08+0.10, 13.59+21.86, and 0.012:Percent in Garsilla,
Nertety, Abata and Sullo respectively.
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Table 3: Chemical composition of camel milk from far different areas in

Middle Darfur state:

Area Chemical composition% of camel milk in Middle Dar&tate
Protein Fat Titratable Ash Total Specific
% % acidity% % solids% gravity%
A | 3.56t0.24| 3.81+0.29 | 0.14+0.01 | 0.95+0.17 | 11.95-0.93a | 1.029+0.01
B |3.56t0.23] 3.60+0.21| 0.13+0.01 | 0.870.07 | 11.10+0.66b | 1.029+0.01
C |3.640.14| 3.72+0.21| 0.14+0.01 | 0.94+0.13 | 11.210.41b | 1.029+0.01
D |3.64:0.18| 3.68+t0.24 | 0.14+0.01 | 0.89+0.08 | 11.10+0.26b | 1.029+0.01
LS NS NS NS NS * NS

Mean values bearing different letters within coluans significantly different (P<0.05).
LS = Levels of significance

A = Garsilla

B = Nertetey

C = Abata

D = Sullo
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The palmitoleic acid of camel milk samples showed significant
differences (P>0.05) in the four areas. The highaktes (0.14+ 0.21%) were

in Garsilla, while the lowest one (0.003% 0.01%pwa Sullo.

The heptadecenoic acids of camel milk samples aelie from
Garsilla, Abata and Sullo were significantly di#et (P<0.05). However, it
was not detected in Nertety. The stearic acid afetassamples obtained from
Garsilla, Nertety, Abata and Sullo revealed noificgmt variations (P>0.05).

The arachidic acid of camel milk samples were nighifcant
differences (P>0.05). The average values foundiar&bata 016+0.24% and
Sullo 0.32+0.31%. While was not detected in Gaslhd Nertety.

The eicosadenoic acid of camel milk samples werte sigmificant
differences (P>0.05). The average values foundet®.63+£0.03% in Abata
and 0.1320.12% in Sullo. While was not detecteGarsilla and Nertety.

The average values of palmitic acid found are; bata 0.01+0.02%
and Sullo 0.02+0.03%. While was not detected ins@Barand Nertety. Also
were no significant variations (P>0.05).

The average values of linoliec acid of camel mdknples found to be
only in Abata area 1.64+2.84%, while in Garsillariéty and Sullo areas not
detected.The linolenic acid of camel milk samplesrevnot significant
differences (P>0.05). The average values foundiaibata 0.19+0.26% and
Sullo 0.02+0.03%, while in Garsilla and Nertetyasevere not detected.

The averages values of Erucic, tricocenoic angamc found to be
only in Abata area 0.2%444%, 0.08+0.13% and 0.08-40% respectively,
while in Garsilla, Nertety and Sullo areas were detected.

The behenic acid of camel milk samples only foum&ullo area, the
average is 0.02+0.04%, while in Garsilla, Nertetyl Abata areas were not

detected.
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Table 4: Fatty acids profile of camel milk samplegat obtained from four
different areas in Middle Darfur state.

Name of acids Areas LS
(Mean+Sd)
A B C D
Capric 0.01+0.01 | 0.003+0.01 ND 0.033+0.06| NS
Lauric 0.02+0.03 | 0.003+0.01| 4.16+7.21 | 0.003+0.01| NS
Tridecanoic | 0.05%0.03 ND ND ND NS
Myristoloic 0.03+0.03 | 0.01+0.01 ND 0.017+0.02| NS
Oleic 0.42+0.49 | 0.08+0.10 | 13.59+21.86/ 0.010+0.02| NS
Eicosenoic | 0.06+0.09 ND 0.15+0.28 | 1.21+0.94 | *
Caprylic 0.01+0.02 | 0.003+0.01| 0.06+0.10 | 0.003+0.01| NS
Palmitoleic | 0.14+0.21| 0.04+0.02 | 0.13#0.22 | 0.003+0.01| NS
Heptadecenoi¢ 0.01+0.02 ND 0.06+0.08 | 0.02+0.03 | *
Stearic ND 0.04+0.04 | 2.94+3.84 | 1.23+1.77 | NS
Arachidic ND ND 016+0.24 | 0.32+0.31 | NS
Eicosadenoic ND ND 0.03+0.03 | 0.13+0.12| NS
Palmitic ND ND 0.01+0.02 | 0.02+0.03 | NS
Linoliec ND ND 1.64+2.84 ND NS
Linolenic ND ND 0.19+0.26 | 0.02+0.03 | NS
Erucic ND ND 0.25+0.44 ND NS
Tricocenoic ND ND 0.08+0.13 ND NS
Nervonic ND ND 0.06+0.10 ND NS
Behenic ND ND ND 0.02+0.04 | NS

Mean values bearing different letters within rows significantly differen{P<0.05).
= Levels of significance

LS

ND = Not Detected

A = Garsilla
B = Nertety

C = Abata

D = Sullo
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CHAPTER FIVE
DISCUSSION

5.1 Chemical composition of camel milk:

Total solids contents of the camel milk samplesecteéd from four
different areas in Middle Darfur state were sigafitly different (P<0.05)
(Table 3). The highest total solid was found in thigk samples in Garsilla
area this could be due to stage of lactation aedifg conditions. These
results were in agreement with those reported byn&n, (2012) who found
that the total solids content of the camel milkgesm between 10.2-13.9%, this
might be related to the availability of drinking tea

The results showed that no significant variatid®s(.05) were found
in the protein contents of camel milk samples (€&8)l. These results agreed
with those of Salih and Hamid (2012) and Mohamez2iy1Q) who reported
that milk protein content of camel milk ranges fr@®-4.5 and 2 to 5.5

percent respectively.

The fat contents of camel milk samples were natiBgant differences
(P>0.05).However, relatively highest fat contents in the eammilk were
recorded in Garsilla area (Table 3). The variation in the fat content is
associated with the type of breed, stage of |lamtadind feeding condition as
described by Weblet.al. (1980). Similar results were reported by Farah
(1993) who found that fat content of camel's mikries between 2.9% and
5.4%.

The results showed that the titratable acidity loé ttamel milk
samples also were not significantly differencesQ(B5) (Table 3). These
results were consistent with those reported by 8al Pathak (2010) who
found that acidity of camel milk ranged from 0.124
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The results indicated that not significant diffexres (P>0.05) in the
ash contents of camel milk samples were observabl¢T3). These results
confirmed the findings of Saliand Hamid (2012) and Khahal. (2004 who
reported that ash ranged from 0.7-0.95% and 0.3%99 respectively.

The specific gravity of camel milk samples was sainificantly
different (P>0.05), (Table 3). Similar results wet#ained by Suliman (2012)
and Farah (1993) who reported that specific grawias 1.029 and 1.026-
1035 respectively.

5.2 Fatty acids profile of camel milk:

Camel milk is seemed to be varied in fat conterg thumany factors
such as age, lactation stage, season, feed...eteoManrfatty acids of camel
milk had importance for human consumers both frartritonal and health
properties. Also it differed from other mammal'slkmin the ratio of

unsaturated fatty acid to saturated fatty acid tvinnade it healthy food.

The fatty acid composition of camel milk fat sangpt®llected from
four different areas in Middle Darfur state (Tallewas comparable with
results mentioned by Mal and Pathak (2010), ini@agr the caprylic, capric,
lauric, myristic, myristoleic, palmitic, palmitolgioleic, linoleic and arachidic
was lower.While results of the stearic was simitathose reported by Mal
and Pathak (2010). However these results were reeagent with those
reported by Haasmann (199&ho foundthe fatty acid profile of camel milk
is characterized by a lower proportion of saturaieort chain fatty acids, and
higher concentrations of some long chain fatty scid

The results showed that most SAT fatty acids caprghpric, lauric,
tridecanoic, myristic, pentadecanoic, palmitic, ta€ecanoic, stearic,
arachidic and tricosanoic were lowest; these resultre not in agreement
with those reported by Elobied (2015). This mightdue to the availability of
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different types of browsers plants which might ke iin these types of fatty
acids.

Also the results showed that most of MUSAT fattydacmyristoleic,
palmitoleic, oleic, eicosenoic, erucic, nervonicndaPUSAT fatty acids
Linoliec, were lowest than those mentioned by Edhij2015), this might be
due to high content of fat in the browser plants thominant in the studied

area and an increase of feed intake.
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CHAPTER SIX

Conclusion and Recommendation

6.1 Conclusion:

It has been shown in this work thte total solids contents of camel
milk samples obtained from Garsilla, Nertety, Abaaad Sullo were
significantly different, while no significant diffences were found in the
protein, fat, acidity, ash and specific gravity.Ww&ver, higher total solids, fat
and ash were recorded in Garsilla area. While higitetein content was
reported in Abata and Sullo. Higher acidity valwesre secured in Garsilla,
Abata and Sullo, moreover all areas were recordedame specific gravity.

The results demonstrated that the fatty acids lprofithe camel milk
samples in the four areas seems to be similar éxeepsenoic and

heptadecenoic fatty acids.

6.2. Recommendations:

1- Further studies about the physicochemical charatics of the camel milk

such as pH, vitamins, lactose and minerals contengestern Sudan.

2-More study about the fatty acids profile of cammék in Western Sudan.
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