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Physicochemical and casein characterization of Ethiopian camel milk 

(Came/us Dromedarius) 

Zeratsioll Fesseha, 

Abstract 

The samples were collected from East Showa zone of Oromia national regional state of Ethiopia 

and the ana lysis part conducted in Addis Ababa University college of natural Sciences Center for 

food Science and Nutrition laboratory with the objective of Physicochemical profile 

determination and characterization of Dromedary camel milk casein. Twenty milk samples were 

collected from secondary and tertiary partum she camels. physicochemical analysis of whole 

milk was done and casein samples were characterized using polyacrylamide gel electrophoresis 

(SOS-PAGE). Data was analyzed using computer package SPSS version 20. The following 

observations was made from the results of the study; the average percentage (mean ± SE) 

Physicochemical composition of whole camel milk fo r pH, titratable acidity, ash, total solids, 

total crude protein, fat and lactose were 6.7 1 ± 0.010, 0.16 ±...0.004, 0.61.± 0.026, 1l.84 ± 0.17, 

2.69 ± 0.08, 3.35 ±...0.029, 5.42 ± 0.13 and 2.08 ± 0.004 respectively. Average case in yield per 

100mi whole milk was 2.44% which contributes about 90% (w/w) of the total protein content 

(2.69%). Casein was purified by acid precipitation at its isoelectric point of pH4.6 and separated 

in to three major components of a-CN, p-CN and k-CN with molecular masses estimated in kDa 

as 28.84, 23.40 and 22.40 respectively. The molecular masses were determined using standard 

weight markers pageRuler™ (Thermo scientific Inc.) having molecular weight range of 10,000 

to 170,0000a. The relative quantities of a-, p-, and k- were also estimated using the re lative 

quantitation method from Myimage software (Thermo scientific Inc.) and fo und to be in the ratio 

of 1.3: l. 2: l. The estimated molecular sizes and ratio of casein fractions (a-CN, p-CN and k-CN) 

were different as compared to other research works which could be because of differences in 

sample breed andlor differences in analytical measurement procedure. From the physicochemical 

anal ysis result of this study, it is possible to conclude that Dromedary camel milk is a good 

source of protein, fat, lactose and minerals. 

Key word s:- Camellll ilk, Camel mi lk Protei n, Camel milk fat , Camel Imlk Lactose, Camel milk case in and SOS-PAGE 
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CHAPTER ONE 

1. Introduction 
This chapter gives an overall introduction of the study which includes background of the stud y, 

statement of the problem, purpose of the study, research questions, general and spec ific 

objecti ves to be achieved. 

1.1 Background ofthe study 
The name camel is defi ned by the International food information service, (2005) as the common 

name fo r two spec ies of large, herbivorous, long necked, mainly do mesti cated, mammals that are 

we ll adapted to living in arid conditions. Camels belong to the genus Came/us of the Call7elidae 

fa mil y. Camels are div ided into two different species be longi ng to the genus Came/us. 

Drol17edCllY , camels (Camelus Droll1edarius, one humped) that mainly live in the dese rt areas, 

and Bactri an camel (Camelus bac/rianus, two-humped) which prefer living in coo ler areas. The 

Bactrian spec ies is domesti cated ill the east to the northem Ch ina and in the west to Asia minor 

and southern Russia, inc lud ing Mongo li a and Kazakhstan (Farah, 1996; Yagil , 1982). On the 

other hand , two-thi rcls oI' the dromedari es li ve in the arid area o r Afri ca, parti cularl y in North and 

East Ali'ira (FAO, 1989). To adapt to the harsh conditions - co ld or hot, ar id, and poor graz ing 

of dese rts or semi-deserts, camels have deve loped many specia l abilities and attri butes. They can 

store energy in their humps and abdomen in the form of fat, enablin g them to survive long 

periods. witho ut any food or wate r. The camel's body temperature may vary li'OJn 34 to 41 °C 

throughout the day. Blood glucose levels in camels are twice those of other ruminants (AI -Al i e/ 

al. . 1988). 

Accordi ng to the stati slics of the Food and Agriculture Orga nization (2008) the tota l population 

or camels in the wo rl d is estimated to be about 25 million with global market potential for camel 

products of LJSD 10 bill io n a yea r (FAO, 20 12). The total population of lhe Dromedary spec ies 

(domestic) world wide is also est imated to be about 15 million head (FAO, 20 12). 

Camel produces more milk for a longer peri od of time than any other animal under the same 

condition and the mi lk has an important ro le in human nutrition in the hot regions and arid 

countries (Fa rah, Mo llet el a/. ,2007: Bekele et ai, 20 II : Mirazea i, 201 2) The general 

compos ition of call1e l milk varies in vari ous part of the wor ld with range of 3.07-5.50% fat, 3.5-
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4.5% protein , 0.7-0.95% ash and 3.4-5.6 % lactose, 12. 1- 15% tota l so lid based on major facto rs 

inc luding breed, stage of lactation, feedin g and management conditions of the camels (Kappele r 

el al. 1998). Camel milk contains more case in prote ins and whey protein than cow milk(AI haj 

and AI-kanhal , 20 10). The principal camel casei n fractions are as l -, as2- , ~- and K-case in in 

ra ti o 4: 1:4: I and the numbers of amino ac id residues in these four casein fractions are 207, 178, 

2 17 and 162, respecti ve ly (AI haj and AI-kanhal , 2010: Kappe ler el al. 1998). 

The major ethni c groups owning camels in Ethiop ia are the Beja, Rashaida, Afar, Somal i and 

Borana (Workneh, 2002). According to the Ehiopian Central Statistical Agency ( CSA, 20 12/13) 

estimate, there are about 920,000 came ls in the Ethiopian sedentary areas of wh ich 237,380 

(74.07 %) of them fall within the age group of 4 years and o lder. Only around 30.79% of the 

camels are used fo r purpose of milk production and the rest are used for other purposes like 

transportation. However accord ing to (FAO 2002) report Ethiopia possesses over one million 

Dromedary camels wh ich stands the country fo urth in thc world . Oromia national regional state, 

alone (CSA 20 12/201 3) has estimated 264, 175 heads of camels arou nd 7000 of them are located 

in East Shewa zone 

1,2 Statement of the problem 
Camel milk is a source of food for the Ethiopian pastora list of arid and semiarid areas, however, 

the milk of indi genous Ethiop ian camels are not we ll characterized with respect to their 

phys icochemical characteri stics parti cularl y case in compos ition. Camel mi lk has not been given 

as much attention in livestock research compared with bov ine mil k desp ite its signifi cant 

contribution to the live lihood of the pastoral ist society (Yesihak and Beke le, 2003). Most of the 

research conducted on camels in the past was mainly focused on their anatomi cal , physiolugica l 

features and camel products marketing. 

Recent studies have ma in ly concentrated on the compos it iona l characteri sti cs and fun ctiona lity 

of camel milk in different countries of the world including some Afri can coun tries but there is 

litt le published research works on the Ethiopian loca l breed camel's milk case in which 

constitutes 80% of milk protein (K haskhe li el al. , 2005). However, some researches on ca mel 

milk composition has shown that camels living in East Africa have hi gher fat content than the 

mil k frolll camels living in other Afri can reg ions and Asia. Case in , the maj or milk protein, is 

known for its high mineral content, abo ut 2/3 of the inorganic phosphorus and 2/3 of the 
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magnesium are in vo lved In the fo rmat ion of the case in mice lle (Farag and Kabary, 1992; 

Khaskhel i el aI., 2005) 

1.3 Purpose of the study 
The purpose of thi s stud y is to characterize phys icochemical properties of milk and elucidate the 

case ins of the Ethiopian local camel breeds. 

1.4 Research questions 
1. What are the phys icochem ical properties of local camel mi lk? 

2. What are the esti mated molecu lar we ights of major casein fractions? 

3. What are re lative amounts of major casein fractions? 

1.5 Objective of the study 

1.5.1 General objectives: To determine phys icochem ica l characteristics of camel mil k and 

elucidate elecrrophoretic profi le of milk case in from local indigenous camels reared in East 

Shewa zone 0 f Oromia national regional state. 

1.5.2 Specific objectives: 
I. Determ ine phys icochemical compos ition of camel milk. 

2. Estimate moleCLdar size (mass) of major case in Fractions (u-, ~- and k-) using SDS­

PAGE 

3. Estimate ratio of major casein fract ions using electrophoresis ge l ana lysis software. 

3 



CHAPTER TWO 

2. LITERATURE REVIEW 

2.1 Introduction 
Camels are considered to be a good source of milk and meat. Camel milk has an important ro le 

in human nutrition in the hot regions and arid countries (EI-Agamy al el., 1998; Karue, 1998) 

Camel milk contains all the essential nutri ents. Fresh and fermented camel milks also have been 

used in different regions in the world including Ind ia, Russia and Sudan as a treatment for a 

seri es of di seases such as jaundice, tuberculosis, asthma and, anti-carcinogenic anti -diabeti c, and 

anti-hypertensive, and has been recommended to be consumed by child ren who are allergic to 

bovine and cow's mil k (Magjeed, 2005: El-Agamy el at"~ 2009). When breast milk is not 

available or may not be advisable, such as when the mother is HIV posit ive, any substitute 

should have the same nutritional characteri stics as breast. In addition, it should be hypoallergenic 

and palatab le. As milk represents the main source of nutriti on for infa nts, research to find the 

most valid alternative to human mi lk has a high priority since cows' milk all ergy is the most 

common food all ergy in childhood, with a reported preva lence of 2-7.5% (D'auri a 2005: Shabo 

el aI., 2005). 

2.2 Milk secretion and anatomy of the mammary gland in Camelids 
Milk is made from the materials of the blood. Blood makes a complete cycle from udder to the 

heart and returns in 52 seconds. The chemical compounds from the blood are taken by the cell s 

in the mammary gland or secreting ti ssue in the udder for the syn thes is o f milk. These 

compounds or precurso rs must be present in the feed if they are to get in to the blood; therefore, 

good nutritiona l feeding of the camel is important for milk production (Espe and Smith, 1952). 

Only the small teats are visible as the mammary tissue in the prepuberal and nulliparous females. 

it does not develop until the end of the first pregnancy. 

Udder of camel consists of four glandular quarters, each with its own teat. The left and right 

halves of the udder are separated from each other by fibro elastic tissue ex tending fro m the linea 

alba and prepubic tendon and a groove is generally visible between the left and ri ght halves. The 
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lateral aspect of the quarters is covered by tiss ue from the abdomina l tunic and the cauda l 

abdominal wa ll. The anterior and poste rior quarters are independent but there is no visible 

separat ion between them and the teats that are directed cranio-ventral ly posse~s two openings 

(Skidmore, 2005; Sa lem, et ai., 2012) 

Conformation of the udder can change acco rd ing to breed, age and stage of lactation each quarter 

is composed of two dist inct glands each lead ing to a separate streak cana l within the respective 

teal. The udder is therefore, composed of 8 separate glands. Each mammary gland consists of 

parenchyma, connect ive stroma, ducts and alveo lar systems. The gland is made of several 

indi vidual lobules separated by septa of connective ti ssue. The glandu lar un its of the lobule, the 

alveo li or acini , are separated from each other by the intralobular connective tissue which 

projects from the interlobu lar connective tissue. The duct system begins with small intralobular 

ducts that en large progressively and each duct is li ned by an epithelium rest ing on a distinct 

basement membrane. The duct ep ithelium is low, simpl e and secretory in the small est 

intra lob ul ar duct but becomes colu mnar in the larger duct. The secretor units, ac ini or alveo li , are 

sma ll ves icles of unequal sizes that [o rm the lobu le-alveo lar system. The epithe li al lining of the 

al veo li (nattened to columnar epithelium) sholVs great variation. according to stage of lactation 

and secretory activity of the gland. In the non- lactating fema le, the number and size of alveoli 

per lobule decreases, the parenchymatous ti ssuc regresses and the interalveolar space 

becomes filled with in terstitial con nect ive ti ssue (Sk idmore, 2005; Salem, el ai , 201 2) 

2,3 Dromedary camel milk production and lactation 
Camels have the capability to produce more milk thall any other species and for longe r per iods of 

time, while their feed requirements are modest. Each ca mel (both species) produces between 

1000 and 2000 L of milk per lactation period 01' 8 to 18 months (W il son, 1998). Their da il y milk 

production average is estimated to be between 3 and 10 kg during a lactati on period of' 12 to 18 

months (W il son, 1998: Fa rah et 0/2007), Milking frequency in camels vari es betwcen two to six 

times dai ly. Peak yield is normally atta ined during second to third month of lactation (Khan and 

Iqbal ,200 I). The yield could increase to 20 I iters per day under improved feed , husbandry 

practi ce, water avai lab ili ty and ve terinary ca re (rAO, 2006). Accordi ng to the latest (FAO, 2008) 

stat isti cs, camel (both spec ies) milk prod ucti on in the world is reported to be abo ut 5.3 million 

tons per year, only 1.3 million tOilS are consllmed by humans whereas the remain ing amo unt is 

fed to ca lves. Genera ll y the worl d milk market is estimated to be 10 billion doll ars (FAO, 20 11). 
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Camel milk are almost excl usively produced by developing countries, particularl y the Sub­

Saharan Afri cans produced an average of around 1.3 million tones milk from 12006-2009 only. 

Somalia is expected to be the biggest producer of camel milk worldwide fo ll owed by Saudi 

Arabia (F AO,2008). 

2.4 Dromedary camel milk properties and milk composition 
2.4.1 Camel milk properties 
Camel milk , generall y opaque and white, has an acceptable taste, normally sweet and sharp taste, 

but sometimes can also have a salty taste due to the type of plants eaten (Yagil and Etzion, 1980 : 

Khaskheli et aI., 2005 : Magdi et ai, 2010: S. AI-HamJlladi e/ aI. , 20 (0) . Table I below is 

summary for physical properties of milk camel.. The changes in taste are main ly caused by the 

type of fodder and ava ilability of drinking water (Farah, 1996). The viscosity of bovine milk at 

20°C is 2.04mPa s wh ich is more viscous than camel milk. Camel milk can remain stable 

wi thout souring and coagulating for a longer time at room temperature when compared with mi lk 

fro l11 other animals this may be because camel milk conta ins a greater conten t of antimicrobia l 

components such as lysozyme, lactoferrin and immunoglobulins than do bov ine or buffalo milk 

(Konuspayeva 2009; Benkerroum, 2008; Salmen el al., 2012; Zeineb el al., 20 13) 

·1 bl a e l: Ph . I f YSlca properlies 0 came ml at 
Color White and opaque 

Taste Sweet and sharp taste Someti mes salty due to type of pl ants 

eaten 

Average densi ty 1.029g/cc 

Viscosity at 200e 1. 72mPa s 

pH 6.5-6 .7 

ModIfied from (Yagii and Etzlon, 1980; Farah,1996; Khaskheh el aI. , 2005). 

2.4.1.1 Came/milk colostrum 

Colostrum, the first mi lk, is white and slightly diluted as compared with the co lostrums of cow 

(Yagil and Etzion, 1980). Camel colostrum differs in composition from regular milk in that it 

has a high content of whey proteins. Immunoglobulins G (IgG), providing the new-born with 

immunity. Camel colostral IgG consists of !luee main sub-classes, namely IgG 1, IgG2, and IgG3 
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(Azwai et ai., 1996). Camel colostrum lacks p- lactoglobuli n, whereas the ave rage concentration 

of a- lactalbum in and lactoferri n were found 2.2g1L and 5. I giL, respective ly (EI-Gawad et 

01., 1996). Other Stud ies has also confirmed that total so lids level declines with time fo ll owing 

parturition. It was found that three hours post partum tota l so li ds ave raged 30.4% and fo und 

decl ined to 18.4% during the fi rst two days of lactation. 

2.4.2. Camel milk com position 
Milk is a polyphas ic secretion of mammalian glands which is considered as single food source 

fo r the neonate to meet their nutrient needs the compos ition of mil k can va ry widely among 

diffe rent spec ies and may associate with the spec ifi c nutri ent needs of the offspring. It is almost 

complete nutrit ional package, suppl yi ng both to the mamma lian neonates and to hu mans. 

Camel milk composi tion has been studied in different parts of the world by di ffe rent researchers 

Ko nuspayeva 2009) have conducted meta analys is (1 905-2006) and shown wide ranges of 

variat ion in camel milk composition attributed to several factors such as anal ytical measurement 

procedures, geographica l locations, fceding conditions and samples being takcn fro m different 

breeds in addi tion to other facto rs includ ing stage of lactation, age, and ca lving number. 

Geograph ica l ori gi n and seasonal variations we re found to be the most effec tive factors in camel 

mi lk compos itio n (Kon uspayeva et 01. 2009: Musaad et 01., 201 3: Aljumaah et 01. , 20 12: 

Desouky et 01., 20 13) . 

Data of (Konuspayeva et 01. 2009 ) on camel milk composition has shown effect of geographic 

va ri ation for camels liv ing in East Afr ica have higher fa t content than the mil k fro m camels 

living in other African reg ions and As ia. Variation in camel milk compos irion was also obse rved 

fo r camels from the same species (Dromedary) but domestica ted in diffe rent pa rts of the wo rld 

(Mehaia et 01. , 1995). Seasonal va riations were also fo und to play a role in camel milk 

com position evcn fo r camels from the same species (DromedarY) and regions (Haddadin et 01. , 

2008; Shuiep et 01. , 7.008 ; J-Iaddad in et ai. , 2008) has fo und an inverse relationship between total 

so lids in camel mil k and wate r intake by came ls. In his stud y all components except lactose 

reached their max ima level in mid-winter and were lowest in summer may be due to availab ili ty 

of drinking wate r. Camel mi lk in comparison with cow, conta ins less fat, inorgan ic salts but 

more proteins and lactose. Indeed camel milk has low milk fat macle main ly hom poly­

unsaturated fatty acids (A ljul11aah et 01.,20 12: Sal l1l en et 01. , 20 12). 



2.4.2.1 Proteills 

Camel mil k prote ins contain sati sfacto ry ba lance of essentia l amino acid s. The ratio of essential 

to non-essential amino ac ids is 0.93 and 1.07 in camel and human mi lk proteins, respecti ve ly 

(Shamsia, 2009). The amino acid compos ition of camel mil k is al so similar to amino ac id 

compos ition of cow and goat but camel milk is high in glutamic acid (15.1 6 mg/1 OOm l) and low 

---in-a lanine (0.03 mg! 1 OOml). 

Total protei n content of Dromedary camel milk is estimated fro m 2.1 5 to 4.90%; the average is 

3. 1 ±0. 5%. Camels of same breed have similar protein content but varied for di fferent breeds. 

Camel milk prote in are broadly classi fi ed in to case in and whey proteins based on their so lubili ty 

at pH 4.6 at 20°e. Case ins are inso luble at their isoelectric point of pH 4.6 and constitute some 

80%. Whey prote ins remain so lub le in milk or sk im milk at the precipitation point of case ins ( 

Cheison and Wang, 2004; Sa lmen .:t ai., 20 12) 

2.4 .2.1.1 Casein proteins 
Case in (CN), a phos phoprotein , which precipitates from ra w skim milk upon acid ification to pH 

4.6 at 20 0 C, is the major protein in camel milk. Dromecial)' camel milk has about 1.63 to 

2.76% casein eq ual to abo ut 52 to 87% of the total milk prote ins. The ~-CN is the main camel 

milk case in fo ll owed by as I-CN. and constitutes abo ut 65% and 2 1 % of total casein respective ly 

which is similar to human milk but 36% and 38% in bovi ne milk, respecti ve ly (Khaskheli et a/., 

2005). 

I-Iuman and camel mil k contains a hi gh percentage of p-CN which could refl ect its hi gher 

digestibili ty rate and lower incidence of all ergy in the gut of infants, because p-CN is more 

sensitive to peptic hydro lys is than a-CN. Only 3.47% of the tota l casein corresponds to k-case in 

in camel mil k co mpared with 13% in bovine milk components due to its low concentration no 

bands were detected fo r k-CN afte r electrophores is in some research works (Farah and Atkins, 

1992). Estimated molecular masses of ~-CN and a-CN in camel mi lk usi ng SOS-PAGE 

tec hnique are 28 .6 kOa and 35 kOa respectively which are hi gher than for bovine p-CN (24 kOa) 

and a-CN (22t025 kDa) (A tli a, ef ai, 2000; Hinz 20 12) 

The numbers of amino ac id res idues in the three DromedaJ)' case ins sequences are: a-CN, 385; 

fl-CN, 2 17; k-CN, 162 similar to thai of bovine milk except onl y glycine and cystine were found 

significantl y lower in Dromedary milk case in . The case in structure of Dromedarv call1elmil k is 

also simila r to that of bov ine milk wit h on ly few pronounced d iffe rences in the secondary 
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structure of case in . Camel milk k-CN was reported to conta in an extra proline residue in its 

sequence (Pr09S). This add itional proline res idue is expected to play an important ro le in the 

stab ility of came l milk k-CN sequence compared with bov ine milk k-CN sequence (Sa lmen el 

aI., 20 12; Sa lih and Ham id, 2013). 

2.4.2 .1.2 Whey proteins 
Whey proteins are the second main component of camel milk proteins and constitute 20 to 

2S%(w/w) of the total proteins and 0.63 to 0.80%(w/w) of the milk (Farag and Kabary, 1992; 

Khaskheli el ai. , 200S; Mehaia el aI., 1995) .. The protein components of whey include serum 

album in (SA), a- lacta lbumin (a-LA), and immunoglobulins (Khaskhel i el aI. , 200 S; Mehaia el 

aI., 1995). Besides, the minor prote ins include lactoferrin , lactoperoxidase and lysozyme, which 

have important antimicro bial and ca rri er functions (Keri , 2004; Parodi , 2007; Buffoni et ai, 

201 1). Lactoglobulin is the most common whey prote in by a large margin. The Dromedwy 

camel milk whey prote in content ranges between 0.63 and 0.80% of the mi lle In general , the 

composition of camel milk whey proteins is ditferent to that of bov ine milk whey, where camel 

mil k is deficient in ~ -lactoglobulin , similar to human mi lk (H inz, 20 12). In bov ine milk whey 

proteins, ~-I actog l obulin is the main component (SO%) and a-lactalbumin is the second (2S%), 

whereas in camel mi lk whey, ~-I actoglobulin is deficient and a-lactalbumin is the main 

component (Elagamy el at. 2000 ; Merin el aI., 200 I). 

Camel milk a-lacta lbumin have a molecular mass of 14.6 kDa and comprises of 123 amino ac id 

residues, which is sim ilar to bovine, human and goat mil k a- lactalbumin . Human whey proteins 

are characterized by the presence of high intensity a- lactalbumin and lactoferrin bands, whereas, 

a- lacta lbumin and blood serum albumin (BSA) bands are dom inant in camel whey prote ins. 

Camel milk whey contains other main components suc.h as se rum albumin, lactofe rri n, 

immunoglobulins and peptidoglycan recognition protein (Sanchez el aI. , 1992: EI-Hatmi el aI. , 

2007). The whey released from camel milk after coagulation is known to have a white color 

compared with the greeni sh whey from bovine milk cheese manufacture. This is cou ld be due to 

li ght scattering I·rom the increased concentration of small particles of case ins and fat glob ul es in 

camel mil k whey, or may be because of the low concentration of riboflavin (Mer in , 200 I ; 

Sa lmen el al. 20 12). Ca ll1el u- Iactalbumin has highcr degrees of hyd rolys is (digestibility) with 

both trypsin and chymotrypsin enzyme than bov ine a-lac talbu min, but both proteins shown 

similar sensi ti vity to pepsin enzyme. (Merin , 200 I : Sa lmcn el ai, 20 12). 
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2.4.2.2 Fats 

The fat content of Dromedmy camel mi lk is between 1.2 and 6.4% and the average is 3.5 ± I .O 

percent. Fat content of camel milk decreases from 4.3 to 1.1 percent in mil k produced by thirsty 

camels. Compared with bovine mi lk, Dromedary camel mi lk contains smaller amounts of short 

chain fatty acids and a lower content of carotene (Aljumaah et aI., 2012). This lower carotene 

content could explain the whiter color of camel milk fat. Higher contents of long chain fatty 

acids were also reported fo r DrOll'ledwy camel mil k fat compared with bovine mil k fat. 

Sim ilarly, the mean va lues of unsaturated fatty ac id content (43%) were higher in Dromedary 

camel milk, especially the essential fatty. Human mil k fat contains a higher content of 

unsaturated fatty acids compared with bov ine and camel mi lk fat but that the percentage of 

saturated acids is higher in bovine milk fat (69.9%) than in camel mi lk fa t (67.7%) (Aljumaah el 

al. 20 12). 

The ave rage of cholesterol content of camel milk fat (34.5 mg 100 /g) is higher (25.63 mg 100 

/g) than bovi ne milk. The melti ng poi nt and so li dification te mperature of camel mi lk fat higher in 

camel milk fat (4 1.9 ± 0.9 °c and 30.5 ±2.2 °c respectively), compared with bov ine mi lk fat 

(32.6 ± 1.5 °c and 22.8 ± 1.6 °c respectively), probably because camel milk fat contains a lower 

amount of short chain fatty acids (C4 -C 12) and a hi gher amount of long chain fatty ac ids (C 14 -

C22) compared with bov ine mil k fat (AI-Swailem el 01. 20 10). In addition to the differences in 

isomeric properti es of oleic acid butter is produced only at a high churning tem perature of 20-

25°C (Ruegg and Farah , 1991). These temperatures are higher than those va lues reported fo r 

bov ine mi lk butter manufacture or 8 - 120e. Some dif'licu lties in extracting fat ti'om camel milk 

was reported by Sa lmen e l ai, (2012) using some trad itiona l methods such as churni ng sour 

mil k, likely because fat globu les are j'i rmly bound to the prote ins in camel mil k. 

2.4.2.3 Laclose 

The lactose content of Dromedary camel milk varies from 2.40 to 5. 80%; the average is 4.4 ± 
0.7 percent. The wide variat ion of lactose content could be due to the type of plants ea ten in the 

deserts. Camels usua lly prefer halorhilic plants such as Atriplex, Salosa and Acacia to meet their 

phys iological requ iremellts of sa lts . I-fence, ca mel milk is sometimes described as sweet, salty 

and at other times as bitter. Lactose content is the only mil k component that almost rema ins 
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almost unchanged over with seasonal variat ions and under hydrated or dehydrated (Sa lmen e/ ai, 

20 12) 

2.4.2.4 ViII/III ills 

Dromedary camel milk contain va ri ous vitamins, such as vitamin C, A, E, D and B group .. 

Camel mi I k is ri ch source of vitam in C (34.16mglL) which is three to fi ve times hi gher than in 

bovine milk. Hence, raw and fermented camel milk could be a good source of vitamin C for the 

people li ving in the desert area where vegetab les and fruits are not ava il ab le (Magdi el ai, 20 I 0: 

Sa lmen e/ ai, 20 12: Salih and Ham id, 20 13) . 

2.4.2.5 Millem! cOlllell1 

The total content of minerals is usual ly expressed as tota l ash; th is amount varies from 0.60 to 

0.90% in Dromedary camel mil k and the average is 0.79 ± 0.07 percent. Variations in mineral 

content we re attributed to breed differences, feed ing, ana lyti cal procedu res and water intake. The 

mean values and standard dev iation of Dromedary milk mineral s are as fo ll ows: 

ca lcium , 11 4 ± 13 mg/ l OOg; potass ium, 156 ± 38 mg I I OOg; sodium, 59 ± 16 m gl 100g; iron, 0.29 

±0.09 mg /I00g; magnes ium, 10.5 ± 1.8 mg 1100g; manganese, 0.05 ..1..0.03 mg/ lOOg and zinc, 

0. 53 ±0.08 mg I I OOg (A ljumaah el ai. , 20 12: Sa lmen el ai, 201 2). 

2.5 Dromedary cameimilk functio nality 
It has been reported that camel milk has potential therapeutic properties, such as anti -carcinogen, 

anti-d iabetic and ant ih ypertensive and it has been recommended to be consumed by children who 

are all erg ic to bov ine mil k (Khalid e/ aI., 20 11 ). According to the survey conducted by ESAP, 

(2009) pas torali sts of the Somali regional state of Ethiopia also use camel milk for treatment of 

dilTerent diseases. The above milk therapeu ti c uses could be because milk has been shown to 

con ta in an array of bioacti vities , which extend the range of innuence of mother over you ng 

beyond nutrition. Peplides in a latent or inactive state withi n prote in molecules, can be released 

duri ng enzymatic digestion to biologica ll y active peptides from case ins and whey proteins. Most 

of the bioact ivities of mi lk protei ns are latent, being absent or incomplete in the ori ginal native 

protein , but rull activ ities are manifested upon proteo lytic digestion to release and activate 

encrypted bioa~tive peptides frolll the ori ginal protein . Bioact ive peptides have been identified 
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within the amll10 acid sequences of native mi lk proteins. They are also released from milk 

prote ins during milk fermen tati on and cheese maturat ion, which enriches the dairy products 

(Park, 2009). The major bio logica lly active mil k components and funct ions in milk precursors 

and components are summarized in Table 2. 

Table 2, major biologica ll y active mi lk components and their functions 

Milk Prceu rsors Components Bioactive Compounds and bioactivit ies observed 

u, ~-casein s Casomorphins Opioid ago nist (Decrease gut mobi li ty, gastric emptying 
rate; increase amino ac ids and electro lytes uptake) 

a, B-case ins Casokini ns ACE inhi bitory (Increase blood flow to intestinal ep ithe li um) 

a, B-caseins Phosphopeptides Mineral bind ing (Ca bind ing; increase minera l absorpt ion, i.e., 
Ca, P, Zn) 

a, B-case ins Immunopeptides, [mmunomodulato ry (Increase immune response and 
Casomorph ins phagocyt ic) 

Casokinins 

u, ~-case in s Isracidin Antimicrobia l 
-

a, B-case ins Casoc id in Antim icrobial 

- _._ ---
k-case ins Casoxins Upioid antagoni st 
-- -
k-caseins Casop late lins Antith rombotic 

----
a- lacta lbum in ( Lactorph ins Opioid agonist 

a - La) 

Seru m albumin Serorphin Opoid ago ni st 

U, p-seru lll Lactok inins ACE inhibitory 

albumin 

Immunoglobu I ins [gG, lgA Immunomodulatory (Pass ive immun ity) 

Lactofe rrin Lactoferr in Lactoferrin immuno mooulatory (I ncrease natural kil le r ce ll 
activity, humora l imm une response, thymocyte traffi eking 
immunological development, and interl eukins - 6; decrease 
tumor necrosis factor - a. Ant imic robia l (Increase bacte riostatic 
inh ibition of Fe - dependent bacteria; decrease vira l attachment 
to and infections of ce ll s) Probiotic act ivity (I ncrease growth of 
Bifi dobacteria in GT tract) 

Lactoferrin Lactoferrin Opioid agonist 

01 i gosaccharides 01 igosacchar idcs Probiotic (Increase growth of bifi dobacteria in GJ tract 
-
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Glyco lipids Glyco lip ids 

Pro lac tin Prolact in 

2.6 Cam el milk products 

2.6.1. Fermen ted mill{ 

Antimicrobial (Decrease bacteria l and viral attachment to 
intestinal epithelial cells) 
Immunomodulatory (Increase lymphocyte and thymocyte 
Traffi ck ing and immune deve lopment 

(Schanbacher el aI., 1998; Meisel, 1998 ; Clare and Swaisgood, 2000) 

In pastoral societ ies, mi lk is tradit ionally consumed predominantly in the form of fermented 

milk. Fermentation is the onl y means of preserving mil k under warm cond ition (Fa rah el aI. , 

1989). In addition it was found that fermented mi lk is more nutritious, health -promoting and 

di gestibil ity of the milk prote ins has been improved than fresh mi lk (Marshal, 1986; Deeth and 

Tamime, 198 1). In Africa, however, where 60% of the world camel population are held, there is 

a long trad ition in preparing ferm ented camel milk (Magdi , 20 I 0). No sta rters are used and 

ac idification develops after a few days (usuall y 24-48 hours unti l it becomes sour), either from 

natural fiora of milk when it is not boil ed, or from the bacte ri a growin g on the sides of the vesse l. 

To improve this spontaneous tradit iona l fermentation , controlled fermentat ion using mesophilic 

lactic ac id bacteria starter culture have been de\'eloped by (Farah et al., 1989) and successfull y 

introduced in camel milk processi ng plants in eastern Afri can countri es. 

2.6.2. Cheese 
In the convent ional way cheese making from camel milk is difficu lt In gett ing the milk to 

coagulate. With the same amount of ca lf rennet, the coagulation ti me of camel milk is two to 

three-folds longer than in cow mil k. The action of rennet on camel milk leads to coagu lation in 

the form of fl ocks, with no firm coagulation. There arc some reports in the li te rature showing 

that clotting cnzyme from one species is more effective and spec ific with mi lk from the same 

spec ies (Att ia et aI. , 2000). 

Chymos in fr0m lamb where found to be more efIect ive with lamb milk than with cow milk. Pig 

chymos in and pig pepsin have shown higher milk clotting activity against porcine milk than 

against bovi ne mil k. These findin gs suggest an adaptation between the proteo lytic spec iticities of 

the gastric proteases and the structure of the casei ns. Accordingly, it can be ex pected that camel 

chymos in wo uld be more effecti ve in camel milk than ca lf chymosin. Foll owing thi s, food 

sc ientists developed recombined camel chymosin, from mRNA, obtained from the stomach of a 

yo ung camel and produced dried and sweetened camel cheese (farah and Fischer, 2004) 
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2.6.3. Butter 
Like cheese. butter is also not a trad itional camel milk product as is it diffi cult to obta in camel 

milk butter foll owing the same preparation procedures as for cow's mil k. This is due to the lack 

of agglutinin, a protein which promotes clustering of fat globules and formati on of cream layer in 

co ld mi lk. Also the high melting point (4 1-42CO) of camel milk fat makes di fficult churning 

camel mil k cream In temperatures commonl y used fo r churning cow mi lk. 

A simple method for manufacturing butter from camel milk fa t is by churning camel milk cream 

at temperatures between 20 and 25Co. Thi s tem peratu re is considerably higher than that of cow 

mil k which normall y vari es between 8 and 12°C (Farah and Ruegg, 199 1 ) 

2.6.4. Pasteurized milk 
The rate ofheat denaturation of camel mil k whey prote ins was approximately twofold lower than 

cow mil k whey proteins probab ly due to the absence of ~- I actog lo bul i n . This ind icates that 

camel mil k can be eas ily pasteurised, and there are commercial small and midd le sca le camel 

mi lk processing pl ants for production of pasteurised milk in Mauritania, Kenya and 

Soma lia.(Farah and Atki ns, 1992). 

2.7 Ca mel milk production system in Ethiopia 

Camel mi lk is consumed as a majo r s'aple food, ma inly by the desert nomad tri bes because it is 

one of the most read ily availab le raw food, which contains all the needful nutrients req ui red in 

the dry condit ions of the desert. Moreover, camel milk li ke any other human consumable milk 

cons ists of fat, proteins (so luble prote ins and caseins) and one major carbohydrate (lactose) as 

majo r components (Farah & Fischer, 2004). 

In general the average camel lactation period is 9 months with average dail y camel mil k 

prod uction of 3.59 1 lite rs per came l and total ann ua l milk prod uction of over 65 milli on li ters 

from over 28 1 thousand milking camels (CSA 20 12/ 13). Similar studies conducted in seven 

camels mi lked twice da ily in Ethiop ia and has fo und mean da il y mi lk yield of6.6 liters (Knoess, 

1977). According to the survey study conducted by ESAP, (2009) in Somali reg ional state of 

Ethiopia, mean milk yield per day decrease with stage of lactat ion from 5.0 1 Lt to in the ea rl y 

stage of lactation to 3.19 Lt in the late stage of lactation. 

Studies have indicated that, Ethiopia consumes app roximately 17 kg/capita mil k which is very 

low as compared to othe r Afri can countries average consllmpt ion. Approx imately 83% of the 

tota l mil k prod uced is consumed at the household leve l and on ly 7% is suppli ecJ to the fo rmal 
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and informa l markets. The remaining balance is di stributed between in-k ind wages (0.43%), and 

used for process ing loca l butter, yogurt, and cheese (10.06%) pr imarily as a means of ex tend ing 

the shelf life during times of surp lus (Jamal el aI., 20 I 0). 

In the wet season, milk consumed by pastora l children can account for 67% of the mean daily 

energy they require and 100 % of their protein requirements. Lack of avai lab il ity and access to 

milk in the dry season decreased daily consumption amounts by almost 25% with milk 

contributing onl y 16% and 50% of energy and protein requirements, respectively. In drought 

yea rs, ch ild ren' s mi lk consumpt ion will drop an average of 50% (Jamal el aI., 2010) 

2.8 Protein separation and characterization 
2.8.1 Protein separation 
Usua lly, three or more separation steps are often used in sequence to prepare a pure protein for 

laboratory stud y. The biochem ical properties of proteins such as prote in so lu bi lity, molecular 

mass, isoe lectricpoint, adsorption characteristics, denatu rat ion temperature and biologica l 

affiniti es differences are used as bases [or ind iv idual prote ins separations from complex 

mixtures. The first separation step is often a techn ique that utili zes the differenti al so lubili ty 

properti es of a protein. Each succeed ing step will use a different mode of separation techniq ues; 

some of the most common methods include prec ip itation, ion-exchange chromatography, affinity 

chromatography, size-exclusion chromatography and electrophores is (Harvey, 2000: Nielsen, 

2009) 

2.8.1.1 Protein separation by electrophoresis 

Electrophores is is a class of separat ion techniq ue in which analytes are separated based on the ir 

ability to move through a conductive medium, usua ll y an aqueous buffer, in response to an 

appl ied electric fi eld . (Harvey, 2000) 

There are severa l forms of electrophores is classified in differe nt fo rms by different authors, 

(N ielsen, 2009) has class ified in to convent ional and capillary electrophoresis. Both sha re similar 

principles for the separation of protein . Proteins are separated on the bas is of charge or size in an 

electric fi eld. The primary diffe rence between cOlwcntiolla l electrophoresis and capi ll ary 

electrophores is is that capillary tubing is Ll sed ill place of acrylamide ge l or agarose ge ls cast in 

tubes or slabs . (Nie lsen, 2009) 
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2.8.1.1.1 Conventional electrophoresis 
In thi s technique, protei ns can be sepa rated on the basis of charge or size in an electri c fi eld. In 

thi s technique acry lam ide ge ls cast in tubes or slabs are used in place of capillary tube. There are 

three different forms of convent ional electrophores is techniques used in protein separat ion 

(Harvey, 2000: Nielsen, 2009). 

2.8.1.1.1.1 Gel electrophoresis 
Protei ns are separated from a complex mixture into bands by migration 111 aqueo us bufFers 

through a so lid polymer matrix ca ll ed a ge l. Polyacrylam ide ge ls are the principal med iu m for 

protein electrophores is. Agarose is used in some applications such as for separation of proteins 

larger than about 500kOa and for Immunoelectrophores is (Westerl1le ier, 1997). Polyacry lamide 

ge ls are well suited for siev ing prote ins because of the fo ll owing reasons ; 

I. The ge ls can be cast in range of pore sizes suitab le lar sieving proteins. 

2. The polymerization reaction is easy and reproducib le and ge ls can be cast 111 a va riety of 

shapes. 

3. Po re Size is determined by the condit ions of polymeri zation and can be eas il y altered by 

changing the monomer concentra tion. 

4. Polyac rylamide ge ls are hyd rophili c and elect ri ca ll y neutral at the time they are cast. 

5. They are transpa rent to light at wavelengths above 250nm and do not bind protein stains. Gel 

electrophoresis is an important technique in biochemi stry, in which it is frequentl y used fo r DNA 

sequencin g. Although it is a powerful too l for the qua litative ana lys is of comp lex mi xtures, it is 

less usefu l for quant itative work (Righett i, 1989). 

Polyacrylamide ge ls are characterized by a pair of va lues, % T and % C. %T is the we ight 

percentage or tota l monomers (acry lamide and plus bis) in gil OO ml and % C is the proportion of 

bis as percentage of total monomer (Chrambnch, 1985). 

Separat ion depends on the li·i cti on of the protein within the lI1atrix and the charge of the prote in 

molec ule as described by the [a llowing equation (Alld rews, 1986). 

Mob il it)= (Appl ied voltage)(Net charge on molecule) 

Fri ction of the molecule 
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Proteins are amphoteri c molecules, they can carry positive, negative ly or zero net charge 

depending on the pH of local environment. For every prote in there is a spccific pH at which it s 

net charge is ze ro. Thi s pH is called isoelectric point or pi , of the protein. depending on so lution 

pH and their pI. A prote in is negatively charged if so luti on pH is above its pi , whereas a protein 

is pos itively charged if solut ion pH is below its pI. The magnitude of the charge and applied 

vo ltage will determine how far a protein wil l migrate in an electrical fie ld. The hi gher the voltage 

and stronger the charge on the protein , the greater the migration within the electri ca l fi eld. 

Molecular size and shape, which determine the Stokes radius of a protc in , also determine 

migration distance with in the gel matrix. Mobility of proteins decreases as molecular fri cti on 

increases due to an increase in Stokes radius; thus, smaller prote ins tend to migrate faster through 

the gel matri x. Similarly, a decrease in pore size of the ge l matrix will decrease mobility 

(Andrews, 1986). 

Gel electrophorcs is could be non denaturing or nat ive electrophores is where proteins are 

separated in their native form based on charge, size , and shape of the molecule or denaturing 

electrophoresis where Polyacrylamide ge l electrophores is (PAGE) with an anionic deterge nt , 

sodiu m dodecyl sulfate (SDS), is used to separate pro tein subunits by size. Prote ins are 

solubilized and di ssociated into subunits in a buffer containing SD S and a reducing agent. 

Reducing agents, such as mercaptoethanol or dithiothreitol, are used to reduce di sul fide bonds 

within a prote in subuni t or between subunits. Proteins bind SDS, become negati ve ly charged, 

and are separated based on Size alone (Compton and Jones, 1985). Denaturing 

electrophores is(S DS-PAG E) is the most commonl y used technique for fractionation of proteins 

in to sub units and we will describe in detail because thi s will be our method 01' choice for 

separat ing our sample, camel milk case in , in to a.-CN, ~-CN and k-CN prote ins (N ielsen, 2009). 

Gel electrophores is comprises of power suppl y and electrophoresis apparatus containing the 

polyac rylamide ge l matri x and two buffer reservoirs to perform a separation (Figure I). Power 

sup ply is used to make the electric fie ld by prov iding a source of constant current, vo ltage, or 

powe r. The electrode buffer con tro ls the pH to maintai n the proper charge on the protein and 

conducts the current th ro ugh the polyacrylamide ge l. Commonl y used buffer systems include an 

anionic tri s-(hydroxymethyl)aminomethane bu ffer with a resolving ge l at pi-I 8.8 and a cationic 

acetate bu ffer at pi-I 4.3 (N ic!sen, 2009). 
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Figure I: Schcmat ic of a slab ge l electrophoresis unit in di cating the pH s of the stacki ng and 
reso lving gels and the electrode buffer in an anionic di scontinuous buffer system (N ielsen, 2009) 

Polyacrylamide gel matrix is form ed (F igure 2) by polymerizing acrylamide and a small quantity 

usuall y 5% or less) of the cross-l inking reagent, N,N_- rn ethylcnebisacrylallli de, in the presence 

or a catalyst, tetramethy lethylencciiamine (TEMED), and source of fi·ec radica ls, ammon ium 

persu l f~lte (Allen and Budowle, 1994). 

A di scont inuous ge l matrix is usually used to improve resolution of proteins within a complex 

mixture. The di scontinuous matrix consists ofa stacking ge l with a large pore size (usuall y 3- 4% 

acrylamide) and a resolving gel or a small er pore size. The stack ing ge l, as its name implies, is 

used to stack or concentrate the prote ins into very narrow bands prior to their entry into the 

reso lving ge l. At pH 6.8, a vo ltage gradient is form ed between the chlor ide (h igh negative 

charge) and glyc ine ions (low negati ve charge) in the electrode buffer, which serves to stack the 

proteins into narrow bands between the ions. Migration in to the resolving ge l of a di fferent pH 

di srupts thi s vo ltage gradient and allows separation of the proteins into discrete bands (A ll en and 

Budowle, I 994).The pore size of the reso lving ge l is selected based on the molecular mass of the 

prote ins of interest and is varied by alteri ng the concentration or acrylamide in solution. Proteins 

are usually separated on resolving gels that contain 4- 15% acry lamide. Acrylamide 

concentrations of 15% may be used to separate proteins wi th molecu lar mass be low 50,000. 

Proteins greater lI13n 500,000 Da are o ften separated on ge ls wi th acrylamide concentrations 
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below 7% at the end of an electrophores is run, the bands on the ge ls are generally visuali zed 

using a protein stain such as Coomassie Brill iant Bl ue or s il ver sta in . Speci fi c enzyme stai ns or 

antibodies can be used to detect a prote in (Dunn , 1993). 

A c ryl a m ide 

C H .., = C H . , 
C~O , 
NH ~ 

N , N - m e thy lene­
b ls - ac ry la m ld e 

C H ;,=? H 

C~O , 
N H , 

+ C H 2 , 
NH , 
C~O , 

C H ;,>=C I-I 

Polyme r 

- C H 2 -CH - C H ",-CH - CH~ -CH -, , , 
c =o c=o c =o , , , 
NH ;:,o f'.IH :! NH , 

CH ~ , 
NH , 
C~O , 

-C I-I:z -CH - CH;.- C H - C H 2 - C H -, , 
C~O C~O , , 
~H ~H :.! 
C H , , 

Fi gure 2: Free radi ca l polymeri zati on reaction of polyacrylamide (Dunn, 1993) 

2.8.1.1.1.2 Isoelectric Focusing 
In Isoelectr ic focusing prote ins are separated by charge in an electric fi e ld on a gel matri x In 

whi ch a pH gradient has been generated using ampholytes. Proteins are focused or migrate to the 

locat ion in the gradient at which pH equals the pI of the protein. Resol ution is among the highest 

of any protein separation technique and can be used to separate protei ns with pis that vary less 

than 0.02 of a pi-I unit (Harvey, 2000 : N ielsen, 2009) . 

2.8.1.1 .1.3 Two-d imensional electroph oresis 
Two-dimensional electrophores is is produced by combi ning isoelectri c focusing and SDS-PAG E 

which is ex tremely use ful fo r separating very complex mi xtu res of proteins. Protei ns are tirst 

separated in tube ge ls by isoelectric focu sing. The tube ge l con taining the separated prote ins is 

then placed on top of an SDS-PAG E slab gel , and prote ins are separated. Thus, proteins are 

separated first on the basis of charge and then according to size and shape. Pretreatment of 

sam ples for isoelec tr ic focusing (IEF) in volves solubil isation, denaturation and reduction to 

complete ly break the in teractions between the proteins and to remove nonprotein sample 

components such as nucleic ac ids (Rab il loud , 1997) 
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2.S.1.2 CapillmJI electrophoresis 

Cap illary electrophores is system compri ses a capillary column , power suppl y, detector, and two 

buffer reservo irs (Figure 3). The sample is introduced into the inlet side of the capillary tube by 

simply replac ing the in let butfer reservoir with the sampl e so lution and applying low pressure or 

vo ltage across the capillary until the desired vo lume of sample has been loaded onto the co lumn. 

As the samp le mi grates through the capillary, its components separate and elute from the co lumn 

at different times. The resu lting electropherogram looks sim ilar to the chromatograms obtained 

in gas chromatograph y (GC) or Hi gh performance liquid chromatography (HPLC) and provides 

both qualitative and quantitat ive information (Nielsen, 2009). 

Capillaries are composed of fu sed silica with internal di ameters that commonly range from 25 to 

100 fun. Column length varies from a few centimeters to 100 cm. High electric fields (100- 500 

V/cm) can be used as the narrow columns diss ipate hcat very effectively, allowing fo r sho rt run 

times of 10- 30 min. (Harvey, 2000: Nielsen, 2009) 

High 
Voltage 
Supply 

Figu re 3: Schemat ic ofa capillary electrophoresis system (N ielsen, 2009) 

At the end of a run prote in bands are detected on the co lumn as they migrate past a detector. The 

detectors are Ul travio let (UV)-visible detectors, fluorescence and conductiv ity detectors similar 

to those used ill HPLC (Ljungberg et ai, 1998; Lee, 1989) . 

Capil lary zone electrophoresis, SDS capi llary gel electrophores is and capillary isoelectric 

focus ing elec trophores is are three types of capillary electrophores is commonl y used for prote in 

separations (N ielsen, 2009) . 

In capillary zone electrophores is(CZE) or free so lu tion elect rophores is pro tei ns are separated in 

free sol uti on inside capil lary tubes filled wi th buffer of the desired pH. Diffusion is prevented 

within the narrow diameter of capi llari es but electroosmotic flow infl uences the separation of 
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proteins within cap illary tubes. The mechanism of action is such that negative ly charged fu sed 

silica capillary wall [conta ining sil anol groups (SiO- )], silanol groups ionize to form negati ve ly 

charged sil anate ions at pH levels greater than approximate ly 2 or 3, then attracts positively 

charged ions (cations) from the buffer to form a do uble ion laye r at the interface between the 

cap illary co lumn wa ll and the buffer. When the electri c fi e ld is app lied, the cations formin g the 

do uble layer are attracted toward the cathode and "pu ll" other molecu les (independent of charge) 

in the same direction producing the electroosmotic flow. Thus, in CZE cations, an ions, and 

uncharged molecules can be separated in a sing le run (Harvey, 2000: N ielsen, 2009). 

SDS capillary ge l electrophoresis techniques can be used to separate prote ins by size and to 

determ ine molec ular mass. In th is technique prote ins are denatured and dissociated in the 

presence of SDS and a reducing agent, then fractionat ion occurs in polyacrylam ide ge l-fi ll ed 

capillaries of speci fic pore sizes. Alternatively, linear polymers, such as methyl ce llulose, 

dextrans, or polyethylene glycol , are added to the buffer wi thin the capill ary in a technique ca ll ed 

dynamic sievi ng capi llary electropho res is. These entangled polymers act like the pores of the 

polyacrylamide ge l to slow migrati on of the larger proteins and allow separat ion by size. 

advantages of this method over the class ical SDS-PAGE include: on-co lumn detection, 

automated operation, great reso lving power, and capab ility of accurate protein quantification and 

molecular weight determinat ion (Guttman, 1994). 

In capillary isoelectric focusing, all1pholytes, whi ch are small polymers (molecular mass of 

abo ut 5000 Da) containing both posit ive ly and negati vely charged groups are used to fo rl11 a pH 

grad ient with in the capillary tube. Proteins migrate 10 the locat ion in the grad ient at which pH 

equals the pi of the protein. In thi s technique, electroos moti c now is min imized by coating the 

capi ll ary wa ll s with buffer add iti ves to prevent undes irable effects caused by surface charge. 

(Guttman, 1994). 

2.9 Protein detection and analysis 
Once the gel is sta ined, it can be imaged and analyzed using imaging instruments and 

acco mpany ing software (Miller e/ 01.20( 6): 

2.9.1 Protein sta ins: 
The choice ofslaini ng techn ique depends on the availability of imaging equi pment. However, a 

prote in staining techn iq ue should offer the following features (M iller e/ aI., 2006): 

• High sensitiv ity and reproducib il ity 



• Wide li near dynamic range 

• Compatibil ity with downstream technologies such as protein extraction and assay, 

blotting or mass spectrometry 

• Fast, and un comp li cated protoco l 

Staining protocols unusuall y in vo lve prote in fi xation, exposure to dye so lu tion and washing to 

remove excess dye (detai n) . Sta ins are grouped in to total stains and speci fi c sta ins. Tota l sta ins 

all ow non se lective visuali zation of protein separation pattern wh ich inc ludes coomass ie, 

fluorescent and sil ver sta ins. Whereas, specific prote in sta ins are used to visuali ze specific 

protein classes such as glycoprote in , and phosphor proteins examples include Pro-Q Diamond 

and Pro-Q Emerald (Hart et af. 2003; Steinberg et af. 2003) 

2.9.2 Gel Imaging 
Electrophores is patterns (ca ll ed electropherograms) are digiti zed by ded icated image acqui si ti on 

dev ices and data are ana lyzed w,th sophisticated software. Once the ge ls are digiti zed, the raw 

data can be stored for further reference. 

Se lecting image acqu isition devices fo r the digitization of elec trophores is gels depends on the 

staining technique used. Some examples of im aging system used in e lectropho res is inc lude: 

densitometers, laser based scanners, CCD (charge-coupled dev ice) camera. Densito meter util ize 

visible light for ana lysis of electrophores is gels (transmiss ion mode) sta ined with visib le dyes. 

calibrated densitometer has a linear response up to 3.0 opti ca l un its in gray levels (Ste inberg e/ 

al. 2003). 

2.9.3 Gel imaging analys is software 
Software package is required for image acquisition to analyze data and draw conclusions from 

PAGE ap pli cat ions. Gel analys is so ftware provides a va riety of too ls that enhance the user's 

abi lity to eva luate the acq ui red data. The software adjusts contrast and bri ghtness, magni fies, 

rotates, resizes, and an notates gel imagcs, which can then be printed using standard and thermal 

printers. The so ftwa re can measure tota l and average quantities and determine relative and actua l 

amounts of' protein. Gel imaging so ltware is also capable or determining the presence/absence 

and up/down re gu lation of proteins, thei r molecular weight, pi, and other va lues (Hames, 1998; 

Steinberg el al. 2003) 
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2.9.3.1 Molecu lar Weight (Size) estimation 

SDS-PA GE is a reliabl e method for est imat ing the molecular we ight (MW) of an unknown 

protei n, since the migration rate of a protein coated with SDS is in ve rse ly proportiona l to the 

logarithm of its MW. The key to accurate MW determination is selecting separation conditions 

that produce a linea r relat ionship between log MW and migrat ion within the like ly MW range of 

the unknown protein. The electrophoret ic or relative mobility (Rm) of each protein band is 

ca lcul ated as (N ielsen, 2009), 

Rm = Di stance protein migrated from start of reso lving ge l 
Distance between start of run ning ge l and tracking dye 

SDS-PAGE is used in cha racte rization protocols to determine subun it composition of a protein 

and to estimate subunit molecular mass . Molecular mass can usna ll y be estimated within an crror 

of ±5%. Mo lecular mass is determined by compa ri ng Rm of the protein subunit with Rm of 

protein standards of known molecular mass. Commercially prepared protein standards are 

availab le in several molecular mass ranges. To prepare a standard curve, logarithms of prote in 

standard molecular mass are plotted aga inst their corresponding Rm va lues. The molecular mass 

of the un known protein is determined ti'OITI its Rm va lue usi ng the standard curve (Harvey, 2000; 

Nielsen, 2009; Ste in berg ef al. 2003) 

The accuracy of MW cstimat ion by SDS-PAGE is in the rangc of 5- 10% for glyco prote ins and 

lipoproteins, usuall y not fully coated with SDS and will not behave as expected in SDS-PAGE, 

sometimes leading to fal se estimati ons (Hames, 1998) 

2.9.3.2. Proteill Ijll(mtijicl1tioll by electrophoresis 

Two types of quantification are poss ib le: re lative quantification (quantifi cation of one prote in 

species rel ative to the quantity of anothe r) and abso lute quantifi cat ion (quantification ofa 

protein by using a ca libration curve generated by a range of known concentrations of that 

prote in). Since proteins interact differentl y with prote in stains, the staining intensity of different 

proteins at identi ca l prote in loads can be very different. Thus, onl y re lative quant itati ve val ues 

can be determined in most cases (Fense lau, 2007: I-lames, 1998). 
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CHAPTER THREE 

3. MATERIALS AND METHODS 

3.1 Sa mple collection and sampling units 
The samples were co llected from East Shewa zone of the Oromia nat ional regional state of 

Ethiopia and the anal ys is part conducted in Addi s Ababa Un ive rsity College of Natural Sciences 

Center for Food Science and Nutr ition. East Shewa is located in the middle of Oromia, 

connect ing the western regions to the eastern ones. Based on the 2007 Census conducted by the 

Central Statist ical Agency of Eth iopia (CSA, 2007), th is Zone has a tota l populat ion of I ,356,342 

of whom 664 (or 0.05%) them are pastorali sts further thi s zone a popu lation density of 162.03 

per square kilometer. In Oromia regional state, CSA has estimated the total number of camels to 

be 264, 175 heads and around 7000 of them are loca ted in East Shewa zone 

The basic sampling uni ts were second and th ird pa rtum lactating she came ls withi n age range or 

six to ten years having no history or mastitis. Lactating mothers ranged from 3 to 10 months or 

lactat ion. Sample size of twenty lactating she camels were purpos ive se lected because strictly 

strati fied si mple random sampling procedure were not possible due to mob ile, scattered and less 

access ible nature of pastoral commun ities. 

3.2 Sample preparation 
3.2.1 Washing and sterilization 

The sampli ng glass bott les and lid \Vas soaked in 20% nitric ac id to avo id stained dirty and other 

contam inant.s then washed with wa rm dete rgent water three times, rinsed with tap water and 

distiiled water. Finall y samp'ling bottles were sterilized by autoclave at 12 1°C for 15 minutes. 

3.2 .2 Sa mple collection and handling 
Indi vidua l mi lk samp les of approximate ly 450ml were co ll ected by a single visit th rough direct 

milkin g in to sterile bottl es from un washed udder of left and right teats afte r discharging the first 

squirt. Co ll ected mil k samples were transported to food sc ience and nutrition center laboratory 

within 24 hours using co ld box fi ll ed with ice bags to maintain 4°c. Co ll ected samples were 

stored at - 20°C without any prese rvat ives until analysis as recom mended by Sal iha el al. , (2012). 



3.3 Physicochemical analysis of camel milk 

Milk samp les were tested for pH, ac idity, ash, tota l so lid s, fat, crude protein and lactose In 

dup licates. 

3.3.1 pH measurement 
The pH of mi lk was measured through electronic di gita l pH meter (PH-O 16 PH Mete r). Buffer 

so lution of pH 4 and 7 was used to ca li brate the pH meter. Ten ml of milk sample of each was 

placed in a beaker; electrode of pH meter was immersed in the samp le to determine pH. The 

measurement was done in dupl icate for each mi lk sample 

3.3.2 Titratable acidity determination 
Ac id ity in mi lk samples was determined by the method (No. 947.05) given in (AOAC, 2000). 

Nine ml of mi lk sample was taken in a titration flask and 3 drops of phenol phthalei n was added 

to it. The samp le contain ing indicator was titrated slowly whil e stirred cont inuously aga inst O.IN 

NaOH until li ght pink end point appeared persistently. Volume of 0.1 N NaO H used was 

recorded from the burette to determine ac idity of milk in terms of lactic acid by usi ng foll owi ng 

ex pression: 

% aci di ty (Lactic acid) = ml ofO.INNaOH XO.009 X I 00 
9m l sample 

The measu rement was done in du pli cate for eac h mil k sample. 

3.3.3 Determination of Ash (%) 
Ash concentrat ion in milk was estimated by gravi metric methods using the method No 945.46 as 

given in AOAC, (1990). Five ml milk sample was taken in a crucible and moisture was 

evaporated to dryness of sample on steam bath. Then crucible was placed in mume furnace at 

550°C until carbon free ash was obtained. The crucible containing ash was placed in des iccator 

for 30 minutes and we ighed. The ash content was ca lculated as given below. 

As h (%) = Wt of ash X I 00 
Wt 0 f sample, 

The measurement was done in duplicate fo r each milk sample 

3.3.4 Tota l so lids (%J determination 
Total so lids of milk we re determined according to the AOAC, (1990) method described in 

No .92S.2J . Fi ve gram sa mp le was take n in clean dri ed and ta rred aluminulll dish. Heated for 15 
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minutes 111 water bath and kept in hot air oven for 3 hours at 100°C and then cooled 111 a 

dess icato r and we ighed qui ckl y. The total so lids were ca lculated as under 

Tota l so lids (%) = res idue after dryin g (g) X I 00 
Weight of sample (g) 

The measurement was done in dupli cate for each milk sample 

3.3.5 Fat determination 
Determination of fat in milk was done using the (AOAC, 2000) method 905.02. The mil k sample 

was treated with ammonium and ethyl alcoho l; the former to di sso lve the protein and the later to 

help prec ipi tate the prote in. Fat was extracted with diethy l ether and petro leum ether. Mixed 

ethers we re evaporated and the res id ue we ighed. 

Two gram raw mi lk sample was we ighed and transferred in to an empty vo lu metri c flask. 

Ammonia of 0.25m l was added, mixed and sha ken thorough ly. Two ml ethyl alcohol was added 

and mixed agai n. Five ml of diethyl ether was added, stopper and shaken vigo rous ly for I minute. 

Then 5m l petroleul11 ether was added and shaken aga in vigorously fo r 30 minutes. The flask 

Stood until the upper etherea l layer had separated complete ly and became clea r up on addition of 

2ml of ethanol. Clear etherea l layer decanted off in to pre we ighed alum inum dish. The 

vo lumetri c fl ask was washed with 5m l eth er and added the washings in to the al uminum dish. 

The liquid rema ined in the vo lumetric flask was extracted two times using 3m l each so lvent 

every time. Etherea l extract was added to the same conta iner and evaporated off complete ly. 

Aluminum dishes dried in air oven at 102 ± 2°C for 3 hours. Cooled in desicator and we ighed 

where two success ive we ights did not exceed Img. The total fat content was determ ined using 

the formula 

.Fat % (w/w) = Weight of extracted fat X I 00 

we ight test portion 
3.3.6 Tota l nitrogen and crude protein 

The ni trogen content in mi lk sample was es timated based 0 11 Kjeldahl's method (99 1.20) of 

(AOAC, 2000). Olle ml of milk s'lmple was digested in digestion tubes conta ining two digestion 

catalysts namely cu pper sulphate and potassi um su lphate .. Twenty ml of sulphuric ac id and 

potassium permanganate was added to the tubes and digested by applying heat at 370°c for 4 

hours in laminar air fl ow hood until clear so luti on is fo rmed. Digested sample was di lu ted with 

25 ml water and neutralized with 25m l NaOH . The ammon ium formed was di still ed in to 25ml 
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of bori c ac id so lution containing meth yl blue and titrated aga inst 0. 1 N HC I. The prote in content 

in mi lk was estimated by mUltipl ying the percent nitrogen with 6.3 8 

N itrogen(%) = Vol (sample-blank)HC L X O.INHCL X 0.0 14 XIOO 
We ight o f samp le 

Protein % (w/w) = N(%) X6.38 

3.3.7 Lactose determination 
Lactose (%) = To tal so li ds (%) -- (Total protein (%) + Fat (%) + ash (%», accord ing to 

(AOAC,2003) 

3.4 Absorbance assay of casein 

Case in concentrati on was measured using spectrophotometer ultraviol et li ght w ith abso rban ce 

maxi ma at 280nm. (Layne. E. 1957 : Whi taker, 1993) using the fo ll owin g procedure; Case in 

fracti ons was taken out of th e _20°C freezer to thaw. UV lamp was warm ed for 15 minutes and 

wavelength adjusted to 280nm. Each case in sample o f 20mg was suspended in 25m l dis tilled 

water by adjust ing pH to 7.0 with 1M NaOH. Finally each sample was transferred to cuvette for 

absorbance readin g. The UV spectrophotometer was au to zero w ith quartz cuvette fill ed with 

di stilled water of PH 7. Concentration of case in was cal cul ated using the fo rmula , concentratio n 

(mg/ml) = Absorbance at 280nl11 

path length (cm) 

3.5 Electrophoretic analysis of Casein using Polyacryla mide gel e lectrophoresis 

(SDS-P AGE) 

3.5.1 Preparation of milk casein 
Frozen milk sa mpl es were thawed at room tem perature fo r 3 hours. About 100mi raw milk 

samples we re defatted by centrifugati on at 3000rpm at room temperature for 15 minutes 

followed by separation of the prote in fraction into case in and whey prote ins. Whole casein was 

obtained from skimmed milk by isoe lectri c precipitation (pH 4.6) using IN HC I. The prec ipitate 

was was hed tw ice w ith di still ed water at pH 4.6 , suspended at pH '7 by additi on of 1M NaOH, 

prec ipitated agai n at pH 4.6 w ith IN HCI and washed three t imes w ith di sti ll ed water. Fina ll y, 

th e whole casein was suspended at pH 7, freeze dried (using MIN I L YO DEL freeze dri er), yie ld 

in grwn per I OOm l was record ed and stored at - 20°C until used for SDS-PAGE se paration. The 

superna tant contai nin g whey prote ins was di scard ed (Shaml1let ei of. 1992). 
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3.5.2 SDS-PAGE 
SDS PAGE was carried out using th e methods described by (Laemm li 1970; Lilj eruhm et ai , 

2014) and U-, ~- and k- caseins were separated by the methods of l-lipp el al. (1952); Girdhar and 

Hansen, ( 1978). 

3.5.2.1 SDS-l'AGE procedure 

a) Apparatu s c leanin g (cleaver YS30D, 20X20cm, 1.5 mm spacer thickness) 

The units of the elctrophoretic dev ice were c leaned with warm di stilled water (40-50°C) and soa p 

two times. Set of glass plates (one notched glass plate and one pla in g lass plate with bonded 

space rs) was c lea ned w ith distilled water and then with 70% ethano l. Finally air dried before use 

b) Yertical gel casting 

The bond ed spacer pla in glass plate with the notched glass plate fac ing inter most to form a ge l 

cassette was placed togeth er. The cassettes were p laced on to th e casting base . Ti ghtened the 

screws to secure the ge l cassette in pos ition and repeated a ll the above steps other side w ith the 

remaining ge l cassettes. 

c) Gel preparation 

Resolv ing gel , stac kin g ge l, sample buffer and running buffer so lutions were prepared above 

acco rd ing to the g ive n protoco l. Total vol ume of ge l so lutions were ca lcul ated and prepared for 

two 20X20cm, l .5 mm spacers. A reso lv ing ge l concentration of 12.5% which has reso lving 

capacity of 17-66kDa and stacking ge l solution of 4.5% was se lected for thi s expe rim ent because 

case in li'acti ons' molecular sizes are expected to be within 17-66kDa. 

d) Ge l pouring 

Fi rst a comb was inserted in to th e gla ss plates and marked a poi nt on the g lass plate I cm be low 

where the comb teeth fini sh, which indicated where to add the reso lv ing ge l to. 2 15fll of TEMED 

was added to the reso lving ge l sol uti on and mixed whil e avo iding generatio n of a ir bubbl es. Each 

glass plate was fill ed quickly with the 50ml ge l avo iding generation of any air bubbles. Filling 

was done qui ck ly before th e TEMED caused the ge l too viscous. The ge l was over laid 

extremel y care full y w ith Iml of d istilled water. A sharp line between water layer and ge l was an 
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indicat ion of completion of polymerization. The reso lvi ng ge l was polymeri zed in around 20 

minutes. Over laid liquid was poured off and rinsed the ge l with disti ll ed water. 4.5% of stacki ng 

ge l was ca refull y mi xed and up on addition of 78~t1 TEMED the glass pates was fill ed with the 

help of Pasteur pipette up to the top (15ml for each plate). Comb was carefu ll y inse rted 

immediate ly fo ll owing the gel. 

e) Preparation of protein samples lo r loading 

Casein samples of 5mg was weighed and di sso lved In 1.25 ml loading buffer at a ratio of 1:4. 

Denatured for 5 minutes at 90°C in water bath . The diluted samples were transferred to I ml 

micro centrifuge tube and then mixed in a micro centrifuge for I minute at 12000rpm. Finall y 

twenty samples each 25 J.l g size (table 3) was loaded on 20 we ll s. Wei ght marker (PageRuler) 

was direcLly loaded on the ge l. 

Table 3: Volume of samples in J.lL loaded in each we ll to attain 25J.lgofcasein. 

Sample No 1 2 3 " 5 6 7 8 9 10 11 I 13 14 15 16 17 1 H 

~,~di ng 
2 

7.9 8. '/ .9 7.9 8.0 S. 7.9 '/ .8 8 8.0 7.8 R. 7.8 7.9 7.6 7.S 7.9 7.7 

Vol(p l) 

~!~-'--'-- .. . _- - _ . 

I) Load ing of samples and we ight markers 

Once the gel has set, the combs were removed carefull y from the glass plates without damaging 

the we ll s. A tota l of 25J.lg we re loaded in to the we ll s with micro pipette and 15J.lL we ight 

markers to either ends. Pre-frozen coo ling packs were inserted to the outside part of the glass 

plates inside the running buffer. Any unused wells were fill ed with sample loading buffer. The 

ori entation and order the samples loaded was noted. The inner ge l module containing cast ge ls 

was transferred in to the main tank in the correct orientation as indicated + ve on the module 

aligned with +ve on the tank, -ve on the module aligned with - ve on the tank. 

g) Gel running 

The upper tank lid was fitted and connected to the power suppl y. Running conditions were set as 

fo ll ows; Voltage: 225V, current: II0mA, power: 20W and running time 6-7 hours. Power supply 

was turned off when the loaded dye and the blue 10kDa marker reached the bottom of the ge l. 

The inner buffer \Vas emptied in to the main tank. The glass plate was unscrewed and gently 
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sepa rated apart. The ge l was removed from the plate by first wett ing runn ing buffer and gentl y 

li fted with a spatula in to the staining chamber. 

h) Staining and destai ning of ge l 

Ge l was stained by immersing gel in stai ning so lution (see so lution h) for 3 hours and destained 

in destaining so lution (see so lu tion i) over night until background was clear and bands appea r 

distinct (Mer in 200 I; Fe ligini et ai, 2005 ; Salmen, 20 12). 

i) Electrophoregram ana lys is 

The migration distance from the to p of the reso lving gel was measured using rul er to each size 

marker band and to the dye front. The Rf va lue of each band in the standard was measured using 

the formula 

Rf = migration di stance of the size markers· band 
Migration di stance of the dye n·ont 

Rf values for the bands of the case in samples was also measured using the above formula. The 

10gMW of the size markers as a [·unction of Rf wao plotted. Fina ll y the equation (y= -1.32x + 

5. 14) was generated and the value ofy was so lved to estimate the molecu lar weight of the case in 

sample or lanes .of unknown prote ins (Hames, 1998: Higgins and Hames, 1999) 

3.6 Casein fracti ons ratio estimation 
Relative quantiti es of the principal fract ions of camel mi lk case in , a-, ~- and k- are estimated 

from the ge l usi ng the Myimage ana lys is software (Thermo Fi sher scient ifi c Inc. 20 12). Relative 

quantitation methods were se lected to estimate the case in fraction ratios. 

3.7 Statistica l ana lys is 

Ph ys icochemical ana lysis of whole milk was performed in duplicates, absorbance assay usi ng 

spectrophotometer and electrophoretic profile with SDS-PAGE. Values of these different tests 

were expressed as the mean ± standard error (x D ± SE). SPSS packet program for Windows 

(SPSS, ve rsion 20, USA) was used for the statistica l anal ys is. 
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CHAPTER FOUR 

4. Result and discussion 

4.1 Results 
4.1.1 Physicochemical analysis 
Physicochem ica l analysis was cond ucted o n 20 Droll1edwy camel milk sam ples (p H, acidity, 

ash va lue, tota l so lids, total N and crude prote in, fat and lactose) and ana lys is results are 

summarized in table 4. 

Table 4: Physicochem ica l (%) characterization of camel milk (mean ± SE) 

Com ponents (%) N Minimum Max imum Mean :+: SEM 

pH value 20 6.5S 6.S0 6.71:+: 0.010 

Ac idity (%) 20 0. 11 0.19 0.16:+: 0.004 

Ash va lue (%) 20 0.46 O.SO 0.6 IS:+: O.O IS 

Total so lids (%) 20 9.99 13.79 II.S4±-0.17 

Total protein (%) 20 2.23 3.70 2.69±-0.OS 

Fat (%) 20 3.0 1 3.67 3.35 ±-0.029 

Lactose 20 4.00 6.3S 5. 19:+:0.13 

4.1.2 Absorbance assay of casein 
Below (tab le 5 and tabl e 6) shows yie ld and absorbance assay of casein in camel milk. 

Tab le 5: Mean percentage yie ld (mean% ± SE) of case in in Dromedary came l milk 

ample No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

Weight of 2.4 2.5 2.4 2.5 2.3 2 .5 2.5 2.4 2.3 2.5 2.4 2.4 2.5 2.3 2.5 2.4 2.5 2.5 2.4 

Il"eezc dried 
(grn)l 100rn l 
whole milk 
% casein in 2.4 2.5 2.4 2.5 2. 3 2.5 2.5 2.4 2.3 2.5 2.4 2.4 2.5 2.3 2.5 2.4 2.5 2.5 2.4 

milk 
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4.1.3 Electrophoretic profile of caseins 

Id)a ~MB IBl1 2 3 4 S 6 7 8 9 110 " 11 12 ...lI3 14 15 16 17 18 
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.30 
.00 
70 

55 

40 

35 

2S 

1S 

(\ 

0: 
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Figure 4: SDS-PAGE profile of camel milk caseins, lane (I to 20 ) are casein samples (M ) is the 
molecular weight of marker bands ( 10-170kDa) and (B) are the blank lanes 

When the relative electrophoretic mobilities (Rf) are plotted (figure 5) against the logarithm of 

the weight markers' molecular weights (LOgMW), a linear relation was observed. 
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Figure 5: CalibratIon curve obtallled when the logarithm (LogMW) of th e molecular weight markers and sampl es 

( ) are plolted against their relative nobilities (R t) in 12 .5% SOS-PAGE. 

Table 6: Relative mobili ty, LogMW and molecular we ight (MW) of the weight marke r ( 10-
170kDa) and samples 

Marker bands Sample bands ·f k --rae Ing 
dye 

-:-:-----~ Molecular LogM Mobility Relal ive Molecular LogM Mobi li t Relative Band Mobility 
weight (kOa) W (em) mobility weight W y(em) mob ility name (em) 

(Rf) (kOa) (Rt) 
170 5.23 0.00 0.00 

130 5. 11 0.30 0.029 
-:C:. --- ---- --

100 5.0 0.80 0.077 
70 4.8 5 1.80 0. 173 
55 4.74 2.9 0.279 
40 4.60 4.4 0.423 
35 4.54 5.0 0 .4 81 
- 28.84 4.46 5.2 0.50 a-----
25 4.40 5.8 0. 55 8 

- 23.40 4.37 6.0 0.58 _L ___ 
- 22.39 4.35 6.2 0.60 k-

-I- --- ------
- 20.40 4.3 1 6.6 0.65 x-

- 15.85 4.20 7.4 0. 71 y-
15 4. 18 7.6 0.731 
- 12.59 4. 10 8.4 0.81 z-
10 4.0 9.0 0.865 

- 10.40 
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4.1.4 Casein fractions ratio 
Table 7: Ratio of casein fractions (a-. p- and k-casein) 

Casein fract ion S UIll of relative amount rat io 

a-CN 49.85 
1.3 

B-CN 44.82 
1.2 

k-CN 38.39-
I 

From the above table (tab le 7) the principa l camel case in fractions, U- , B- and K- are in ratio of 

1.3: 1.2: I or in quanti ty percentage of 37.5,33 .6 and 28.9, respectively. 

4.2 Discllssions 
4.2.1 Physicochemical analysis of camel milk 
pl-l. the hydrogen ion concentration of mi lk , indicates its quali ty . Jenssen (1995) indicated that 

pi-I val ues higher above 7.5 are indicat ive of mastiti s. 

Res ul ts presented in tab le 4 show pi-I val ues of 20 camel mi lk samples. The results varied from 

6.58 to 6.80 with ave rage va lue of 6.7 1 ± 0.0 I O. The resu lt is slightly higher than the Egypt ian 

camel mi lk as reported by Shamsia (2009) who fo und pH va lli e of 6.64± 0.05 and than those of 

Sawaya el al. (1984) and Ahmed (1990) who reported 6.49 and 6.53 , respect ive ly, while in 

agreement with the result 6.70 reported by others Khaskheli el al.(2005) and Samet-Ba li and 

Allia (2012). The mean result is al so similar to 6.77 as reported by (FAO, 1982). The average pH 

resu lt indicates that camel milk samples have the expected acceptab le quality wi th no indication 

of contamination during co ll ection and in fection durin g deli very. 

Milk acid ity indi cates the level of lactic acid which is produced by the action of bacteria during 

fermentation by converting lactose. It has been reported by Shari (2012) Fermented milk for 

be ing more nutr itious and hea lth-promoting than fresh milk Ac idity in milk main ly refl ects 

tempera tu re or mi Ik after collection, husbandry techniques and marketing practices (Iqbal , 1999). 

Camel milk was reported to rema in stable for a longer time at room temperature when compared 

wi th milk from other animals. Whereas bov ine milk took 3 h to turn sour (to reach a pH of 5.7 or 

less) at 30° C, camel milk took a longer time of 8 h to reach a pH of 5.8 at the same te mperature 

(Lakosa and SllOkin, 1964). This may be because came l milk contains a greate r content of 

antimicrobial components such as lysozyme, lactoferrin and immunoglob ul ins than do bovine or 

burfalo milk (Benkerroum, 2008; EI-Agamy, 2000). The ave rage percentage acid ity (lactic ac id) 
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va lues of twenty camel milk samples in terms of lactic acid (table I) varied from 0. 11 to 0.19 

with an ave rage of 0.16% ± 0.004. The experiment result was in line with those reported by 

Shamsia (2009) and Samet-Bali and Att ia (20 12) as 0. 162% ± 0.007 and 0. 16%, respective ly; 

slightl y hi gher than the resu lt of 0. 13% as reported by Ahmed (1990), while lower than 0. 18% as 

reported by Khaskheli et af.(2005). Acidity test of thi s study was conducted w ithi n 24 hours after 

samples be ing co ll ected whi ch is confi rmed by test resul t where the pH value of a ll samples are 

higher th an 6.0 (fresh). This is also supported by the observations made by Hafiz and Hamzaw i, 

(199 1), when camel milk was left to stand the lactic acid content d id not sho w any noticeable 

increase until approximately 8-10 h. 

The total content of minerals is usuall y expressed as total ash. Average percentage ash values of 

this stud y var ied fi'om 0.46 to 0.80 with an average of 0.61% ± 0.026. The result is s imilar to the 

Egyptian camels ash value of 0.68% ±0.096 as reportee! by Hattem (20 I I) and lower than the 

res ult 0.81 % ±-0.045 as reported by Desouky e/ af. (201 3). The ash va lue is a lso lower than 

those reported by Ahmed ( 1990:) who found between 0.75 to 0.83gm I I OO gm with average 0.89 

±-O.031l00gm and Kha skheli el 01. (2005) who found between 0.85 to 1.00 gmll OOgm with 

average 0.94 :!: 0.02gm 1l00gm. The ash valLie of thi s study is at a lower limit range as compared 

to most research resu lts which indicate that the total mineral content of raw milk are also lower. 

Genera ll y va ri atio ns in m inera l co ntent are attributed to breed d iffere nces, feeding condition, 

analyt ica l procedures Mehaia et a/. (I 995) and water intake (Haddadin et af , 2008). 

Results presented in table 4 show wide variations in average percentage total so lid content of 

camel milk. The values vari ed from 9.99 to 13.69 % with average of 11. 84 ± 0.17%. The average 

result is in agreement w ith the results of 11.7% as repo rted by Sawaya el al. (1984), however, the 

results of th is study a re lower than the results of Deso uky et 01. (2 01 3) and Atigui e/ af. (2013) 

who repo rted 12 .05 ± 0.868% and 12.1 ± 2.6, respect ively. But average res ult of th is study is 

higher than the res ults reported by Hattem et al.,( 20 i I) and Khaskhe ll. , et al.,( 2005) who found 

9.9 %± 1.189 and 9.74% ± 0.49, respect ively. Wide variations in average pe rcentage total solids 

of the samples are beca use of w ide variation in average percentage of tota l protein , fat and 

lactose content w ith in the sampl es 

The average protein content of earne lm ilk varied from 2.23 to 3.70% w ith average content of 

2.69% ± 0.08. This result is similar to the result of Abu-L.ehia (1990) and Iqbal ( 1999) who 
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found 2.78% ±0.1 2 and 2.7%, respect ive ly. However, mean pe rcentage result of thi s study is 

fou nd little higher than 2.54 ±0.1 9 as reported by Khaskhell. , el al. (2005). The protein result is 

lower as compared to the res ul ts of 3. 1 % ± 0.157 and 3.44 ±0.11 3% as obtained by I-Iattem el al. 

(20 II) and Desouky et al. (20 13), respectively. Elamin and Wilcox, ( 1992); Sawaya et af., 

( 1984) had studied variations in camel milk prote in composition and reported as protein content 

(casein and whey proteins) was found to be similar fo r camel milk of the same breed but vari ed 

for other breeds when comparing the resu lt of this study and the above researchers. We can infer 

that the camels fi'om wh ich we obta ined the samples may be from different breed. 

Va ri ation in fat content was observed to be directly or ind irectly related to the total so lids content 

of camel milk , as the tota l so lids increased, the fat content a lso increased and vice versa (FAO, 

1982). This observat ion is sup ported by the result of th is study in camel No. 3(refer annex pagc 

54 and 57) where, the lowest amount of total so lids and I~lt content are recorded. Fat content of 

camel milk (tab le 4) was observed to vary Ii'om 3.01 to 3.67 with an average of 3.35 ± 0.029 g 

pcrlOOg of milk. The mean resu lt is higher than those reported by Khaskhell (2005) and 

I(onuspayeva et af. (20 13) who found to be 2.6± 0.40 g per 100g and 2.9g per 100ml, 

respect ive ly. However, the mean res ul t is lower as compared to the result of 4.4% as reported by 

Ibrahi m (1990) and to 3.5 % ± 1.0 as reported by Konuspayeva et af. (2009). Compared with 

bovine mil k, Dromedary camel mi lk fat contains hi gher va lues of unsaturated fatty acid content 

Haddad in el al. (2008) however; Bracco, (1972) has reported that human milk fat contains a 

higher content of unsatu rated fatty acids compared with bovine and came l milk fat. Pa lmquist et 

al. (1993) has studied that the sum of short chai n fatty acids( C4 to C8) which are promoters of 

atheroscle ros is, were onl y 0.52% in camel milk, and 8.99% in the milk of cows fed with a 

nutritiona ll y balanced diet. Whereas the long chain fatty ac ids (C 15 to C22) which protect 

atherosc leros is were muc h hi gher (8 1.8%) in camel milk than in cow's milk (66.1 %). 

Results presented in tab le 4 showed wide var iations in lactose content of camel mil k ranged from 

4.00 to 5.98 wi th average conte nt of 5.42 ± 0.126 g per I OOg of milk sample. The wide va ri ation 

of lactose content could be due to the type of plants ea ten in the dese rts (Khaskheli et al., 2005) . 

Camels usua ll y prefer ha lophili c plants such as Atri piex, Salosa and Acacia to meet their 

phys iologica l requ irements of sa lts (Vagil and Etzion, 1980). Hence, camel milk is somet imes 

descri bed as sweet, sa lty and at other ti mes as bitter. However, lactose is the onl y component that 
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almost remains almost unchanged over a seasonal va riat ion (Haddad in el al. , 2008) and under 

hydrated or dehyd rated cond itions (Yag il and Etzion, 1980). This study result does not agree 

wi th the results reported by Konuspayeva el al. (2009) who fou nd it to be in the range of 2.40 to 

5. 80%, with average of 4.4 ± 0.7 %. The results are also higher than the ave rage content of 3.65 

±0. 16% as reported by Khaskhe li el al. (2005). Results of thi s study are al so simil ar to the results 

of Khan el al. (200 I) who found it to be 5.5% from milk of Somalia and Kenyan camels. 

Generall y, we can make exp lanat ions based on the physicochemical results seen in our samples. 

We have observed wide variations in camel milk composition as compared to ce rta in other 

research wo rks. The observed variations in camel milk compos ition could be attributed to several 

factors such as difference in analyti cal measurement procedu res, feed ing conditions and/or the 

samples are not from same breed, in addi tion to other facto rs including stage of lactation, age, 

and ca lvi ng number (Khaskheli el aI., 2005). Geographica l ori gin and seasonal variations were 

found to be the most important factors in camel milk composition (Konuspayeva el al. (2009). 

4.2.2 Absorbance assay and yield of casein 
Volume of samp les equi valent to 25~l g loaded in each well was roughl y estimated based on the 

respecti ve absorba nce assay result of each sample (table 6). The amoun t 25pg was determined 

though optimizat ion works producing sharp and distinct bands. Absorbance ranging 0.3150 to 

0.3286 eq ui va lents to 0.3 150 to 0.3286 mglml was recorded at 280nm wavelength. Volume of 

samples loaded in each we ll was computed from the absorbance assay and Found to be in the 

range of7.6 to gfl l 

Casein is the majo r camel milk protein that contai ns most of the essential amino ac ids in hi gh 

rati os (Salmen , 2005). Case in yield or content in raw mi lk was vari ed between 2.3% to 2.5% 

with average content of 2.44 ±...0.074 % (tab le 5). This result is in agreement with 1.63- 2.76% 

as reported by Khaskheli el al. (2005). The average casein content 2.44±...0.074 % is slightl y 

lower than 2.65% but higher than 2.22% reported by Shamsia, (2009) and Khaskhcli el aI. , 

(2005) respective ly. 

The ave rage casein content of th is study is about 90%(w/w) of the total prote in conten t (2.69%) 

which is higher thall the resu lt 80 - 87% as reponed by EI-AgaIllY el aI., (2009) thi s cou ld be due 

to difference in analyticai l11easllrements or difference in our sa l11p les breed type. 
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4.2.3 Electrophoretic analysis of camel milk casein 
In order to identify the different casein fractions from camel milk, SOS-PAGE electrophoresis of 

twenty casein samples were compared against the we ight marker (molecular weight from 10kOa 

to 170kDa, purchased from Thermo sc ientific, Lot number 001387 17). SOS-PAGE patterns of 

came l casei ns are presented in Figure 4. The marker proteins as we ll as the samples are properl y 

separated in the se lected acrylamide ge l concentrat ion ( 12.5%). 

From thi s figure it is poss ible to observe six bands (three major expected bands and three very 

faint smaller bands) . The observed three major bands are in between the weight markers of 

15kOa and 35kDa in their mobility and the three fa in t bands (x, y and z) are in between 10kDa 

and 25 kOa. The three major bands correspond to the expected sizes a- , [3- and k-casei ns. From 

ca libration cu rve of the weight markers (figu re 5), est imated molecular we ights of a-, ~- and k­

caseins are 28.84k Oa, 23.4kDa and 22.4kOa, respective ly. These observed results are similar to 

the resu lts reported by Salmen el aI., (20 12) who found that the molecular we ights of a- , ~-and 

k-caseins to be 27.GkOa, 23.8kOa and 22.4kDa, respectively. The estimated results of a-and k­

case ins are also simi lar to the results of 28 and 22 .9 as reported by (EI-Agamy el al., 2009: 

Kappeler, 1998 ) and less than 35.5kOa and 32kDa for a- and B-caseins as reported by Saliha el 

al. ,( 20 12); Frah ancl Riesen, (1985). The a- and k- casein results of this study are also lower than 

the resu lts ofOchirkhuyag et aI., (1997) who obtained 35.3 kOa and 27 .5kOa, respecti ve ly. 

From the results of thi s stud y, we have observed that molec ular weights of casei n fraction s are 

different from other similar studies done in other count:'ies. This molecular we ight difference 

may be due to differences in amount of am ino acid residues per molecule of case in . therefore, we 

may in fe r that the Ethiopian local bread camels' case in fractions have different amino acid 

res idue. Th is differe nces in molec ular weight attribute to dift-erences in breeds and the camel 

samples lTIay be I'rom different breed. From figu re 4, lYe ha ve obse rved that the bands size and 

intensity fo r the three case in fract ions are different. a. - has larger size and intensity followed by 

~- and k- bands whi ch ind icate differences in relative amo unt in case in. The sma ller three faint 

bands (fi gure 4) may be degraded products of the major bands. The lowest two bands (y and z) 

with expected molecu lar mass of 12.59kDa and 15 .85kOa as ca lculated from the calibration 

curve of the we ight markers may be the result of degraded products of a-casein. Sum of the two 

bands we ight mass is similar with a-case in molecular mass (28.8kDa). But it is poss ible to 

co nj ecture for the th ird faint band (x) with expected molecular mass of 20.40kOa may be 
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degraded product of ~- or k- where other smaller size degraded products are away from the ge l 

ane r running. 

4.2.4. Casein fractions ratio 

The principal camel case in fracti ons are Ct-, ~- and K-casein in ratio of 1.3: 1.2: I or in percentage 

of 37.5,33.6 and 28.9, respective ly. Th is ratio re sult is diffcren t as co mpared to other research 

wo rks. Kappe ler el al., (2004) resea rch wo rk showed rl-CN as the main camel milk casein 

fraction fo llowed by Ct-CN and k-CN in the percentage of 65, 3 1.53 and 3.47%, respecti ve ly. 

(Schmidt, D.G, 1982) has also reported ratio of 38;3; I which is diffe rent from thi s stud y ratio 

result. High percentage of ~-CN could renect its higher di gestibi li ty rate and lower incidence of 

all ergy in the gut of infants since it is more sensitive to peptic hydrolysis than Ct- and k- CN 

(Abou- Sol iman, 2005; EI-Agamy, et ai, 2009). In this study al l fract ions have similar quantities 

and it is likely the sample camels to have hi gher incidence of allergy in the gut of infan ts. 

Difference in ratio is mainly attributed to difference in breed and type of image anal ys is 

software . 
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CHAPTER FIVE 

5.1 . Concl usion 
In view of the observed results of the phys iochem ical and electrophoret ic properties of the 

Dromedary camel mil k, camel milk contains good amounts of protein, fa t, lactose and mineral s 

bes ides casein has th ree majo r fractions. The physicochemica l va lues revea led that Dromedary 

came l produces nutri tious mi lk for its ca lves and for human consumption . Camel milk is a good 

source of prote in, fat , lactose and minerals. As observed from the SDS-PAGE profil e and 

analys is softwa re, the major casein Ii'actions are a-, B- and k-case ins with relati ve quant iti es of 

1.3: 1.2: I. The major prote in, case in contributes about 90% of the total prote in content of the 

mille The th ree maj or case in fractions (a-, B- and k-case in ) has an estimated molecular we ight of 

28.84kDa, 23.4kDa and 22.40kDa, respectively as determi ned from the standard weight markers. 

Wide va riations in camel mil k composition have been observed compared to other research 

works. The observed va ri ations could be attributed to several factors such as difference in 

ana lyti ca l measurement procedures, feeding condi tions and/o r the samples are from different 

breed, in addition to other factors includ ing stage of lactation, age, and ca lving number. 

Ratio and molecular we ights of these fraction s are also di fferent from other research works 

whi ch indicated that our casein samples have different am ino acid res idue and the camels could 

be from different breed and lo r may be due dilTerence in anal Yl ica lmeasurement procedures 

5.2 Recommendations 
Based on the fi ndings of th is study, Dromedary camel milk is a good source fa t, prote in , lactose 

and minerals for the ca lves and the peop le living in the arid and urban areas, however, more 

extens ive research is needed to confirm on the character istics of case in and nu tri tional 

compos ition of Ethiop ian loca l breed camel milk. It is also reco mmended to study ami no acid 

sequence analys is of case in . 
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Limitations uf the study 
Th is work was done in a situation where the electrophores is dev ices were incomplete and 

without any addi tional laboratory supported tra ining on protein separation and analys is of 

electrophoretic bands. Bes ides it was very di ffi cul t to get e lectrophoretic grade chemicals 

particularly TEMEDCN,N,N\N'-tetramethyleth ylenediamine), N, N'-methylene bisacrylamide and 

sod ium dodecy l sul fa te (S DS) from the local market with in the course of study. The above 

li sted conditions has affected the qua li ty my work and madc the work ve ry ti me tak ing and 

financially ex pensive. 
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Appendix 

I. SPSS Result 
2. Ratio analysis report for casein fractions using my image analysis soft ware 
3. Preparation of stock solutions and buffers (Laemmli 1970 ; Liljeruhm et ai, 2014) 

I . SPSS Result 

Descriptive Statistics 

Total sol ids 

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum 

Lower Bound Upper Bound 

I 2 12.2535 1.041 57 .73650 2.8954 21.61 16 11.52 

2 2 12.7305 .44053 .31 150 8.7725 16.6885 12.42 

3 2 9.9980 .53740 .38000 5. 1696 14.8264 9.62 

4 2 13.6910 1.78332 1.26100 -2.33 15 29.7 135 12.43 

5 2 12.4550 .88 106 .62300 4.5390 20.37 10 11.83 

6 2 11.0685 1. 17168 .82850 .54 14 21.5956 10.24 

7 2 12.6370 .42851 .30300 8.7870 16.4870 12.33 

8 2 11.6685 .49427 .34950 7.2277 16.1093 11.32 

9 2 11.1 470 .44406 .3 1400 7.1573 15.1367 10.83 

10 2 12.0350 .25 173 .17800 9.7733 14.2967 11.86 

11 2 12.0770 .02546 .01800 11.8483 12.3057 12.06 

12 2 10.1 505 .06576 .04650 9.5597 10.7413 10.10 

13 2 11.9085 2.30588 1.63050 -8.8090 32.6260 10.28 

14 2 11.1945 .69650 .49250 4.9367 17.4523 10.70 

15 2 12. 1860 1.00975 .7 1400 3. 1138 21.2582 11.47 

16 2 12.18 10 .80186 .56700 4.9766 19.3854 11.61 
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17 2 11.5540 .3 1537 .22300 8.7205 14.3875 11.331 

18 2 12.9455 1.361 18 .96250 .7 158 25. 1752 11.98 

19 2 10.8745 .52255 .36950 6.1796 15.5694 10.5 1 

20 2 12.1200 .54730 .38700 7.2027 17.0373 11.73 

Total 40 11 .8438 1.1 2345 .17763 11.4845 12.203 1 9.62 

Descriptive statistics 

Total protein 

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum 

Lower Bound Upper Bound 

I 2 2.3223 .00000 .00000 2.3223 2.3223 2.32 

2 2 2.5456 .3 1579 .22330 -.29 17 5.3829 2.32 

3 2 2.46 12 .19636 .13885 .6969 4.2254 2.32 

4 2 3.7078 .696 15 .49225 -2.5469 9.9624 3.22 

5 2 2.83 11 .18950 .13400 1.1 285 4.5337 2.70 

6 2 2.45 15 .1057 1 .07475 1.5017 3.4012 2.38 

7 2 2.5544 .328 17 .23205 -.3 941 5.5028 2.32 

8 2 2.50 10 .63159 .44660 -3. 1736 8. 1756 2.05 

9 2 2.3708 .05770 .04080 1.8524 2.8892 2.33 

10 2 2.6530 .4 1663 .29460 -1.0902 6.3962 2.36 

I I 2 2.5189 .07623 .05390 1.8340 3.2038 2.47 

12 2 2.2330 .12629 .08930 1.0983 3.3677 2. 14 

13 2 3.5248 1.19529 .84520 -7.2 145 14.2641 2.68 

14 2 2.5623 .22627 .16000 .5293 4.5953 2.40 
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15 2 2.5923 .50254 .35535 - 1.9229 7 .1074 2.24 

16 2 2.7602 .26502 . 18740 .3791 5. 141 3 2.57 

17 2 2.4384 .14899 .10535 1.0998 3.7769 2.33 

18 2 3.5369 1.31395 .929 10 -8.2684 15.3422 2.6 1 

19 2 2.5208 .15443 .10920 1.1 333 3.9083 2.4 1 

20 2 2.6796 .37901 .26800 -.7257 6.0849 2.4 1 

Total 40 2.6883 .54540 .08624 2.5 139 2.8627 2.05 

Descript ive stat ist ics 

Fat 

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum 

Lower Bound Upper Bound 

1 2 3.2050 .06364 .04500 2.6332 3.7768 3.16 

2 2 3. 1850 .09 192 .06500 2.359 1 4.0109 3. 12 

3 2 3.0100 .014 14 .01000 2.8829 3.1371 3.00 

4 2 3.2850 .09 192 .06500 2.4591 4. 11 09 3.22 

5 2 3.2350 .02 12 1 .01500 3.0444 3.4256 3.22 

6 2 3.2750 .14849 .10500 1.9408 4.6092 3. 17 

7 2 3.6700 .07071 .05000 3.0347 4.3053 3.62 

8 2 3.5600 .07071 .05000 2.9247 4. 1953 3.5 1 

9 2 3.2250 .07778 .05500 2.5262 3.9238 3. 17 

10 2 3.5550 .02 121 .01500 3.3644 3.7456 3.54 

11 2 3.4050 .17678 .12500 1.8167 4.9933 3.28 

12 2 3.2000 .04243 .03000 2.8188 3.5812 3. 17 

• 
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13 2 3.3200 .1697 1 .12000 1. 7953 4.8447 3 .20 

14 2 3.3600 .12728 .09000 2.2 164 4.5036 3.27 

15 2 3.4000 .0 14 14 .01000 3.2729 3.527 1 3.39 

16 2 3.3550 .12021 .08500 2.2750 4.4350 3.27 · 

17 2 3.6400 .18385 .13000 1.9882 5.29 18 3.5 1 

18 2 3.3400 . 11 3 14 .08000 2.3235 4.3565 3.26 

19 2 3.2200 .00000 .00000 3.2200 3.2200 3.22 

20 2 3.5650 .09 192 .06500 2.73 91 4.3909 3.50 

Total 40 3.3505 .18555 .02934 3.29 12 3.4098 3.00 

Descriptive statistics 

Lactose 

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum 

Lower Oound Upper Gound 

I 2 5.9827 1.03379 .73 100 -3.3 055 15.2709 5.25 

2 2 6.3864 .4 1818 .29570 2.6292 10.1436 6.09 

3 2 4.00 14 .17204 .12165 2.4556 5.547 1 3.88 

4 2 6. 1923 .87929 .62175 -1.7078 14.0923 5.57 

5 2 5.7474 .69084 .48850 -.4596 11 .9544 5.26 

6 2 4.8786 .959 19 .67825 -3.7394 13.4965 4.20 

7 2 6.0383 .3 1770 .22465 3. 1839 8.8928 5.81 

8 2 4.9060 .1111 6 .07860 3.9073 5.9047 4.83 

9 2 4.8 142 .50091 .35420 .3 137 9.3 147 4.46 

10 2 5.2585 .2 1793 .15410 3.3005 7.2165 5.10 
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II 2 5.5576 .11681 .08260 4.5081 6.6071 5.48 

12 2 4.06 10 .07679 .05430 3.3711 4.7509 4.0 1 

13 2 4.5 137 .75561 .53430 -2.2752 11.3026 3.98 

14 2 4.6892 .36557 .25850 1.4046 7.9738 4.43 

15 2 5.6768 .52984 .37465 .9164 10.4371 5.30 

16 2 5.4273 1.07183 .75790 -4.2027 15.0573 4.67 

17 2 4.8 11 2 .34245 .242 15 1.7343 7.8880 4.57 

18 2 5.266 1 .04511 .03 190 4.8608 5.67 14 5.23 

19 2 4.6342 .4367 1 .3 0880 .7105 8.5579 4.33 

20 2 5. 1119 .8 167 1 .57750 -2.2259 12.4497 4.53 

Total 40 5.1977 .79093 .12506 4.9448 5.4507 3.88 

Descriptive stat istics 

Ash 

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum 

Lower Bound Upper Bound 

I 2 .7435 .05586 .03950 .2416 1.2454 .70 

2 2 .6 135 .201 53 .14250 - 1.1 971 2.424 1 .47 

3 2 .5255 .15486 .10950 -.8658 1.9168 .42 

4 2 .5060 .11 597 .08200 -.5359 1.5479 .42 

5 2 .64 15 .02 192 .01550 .4446 .8384 .63 

6 2 .4635 .04 172 .02950 .0887 .8383 .43 

7 2 .60 10 .03253 .02300 .3088 .8932 .58 
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8 2 .7015 .09687 .06850 -.1689 1.57 19 .63 

9 2 .7370 .03677 .02600 .4066 1.0674 .7 1 

10 2 .5685 .03182 .02250 .2826 .8544 .55 ' 

11 2 .5955 .00919 .00650 .5 129 .6781 .59 

12 2 .6565 .05869 .04 150 .1292 1.1838 .62 

13 2 .5 500 .18526 .13 100 -1 .1145 2.2145 .42 

14 2 .5830 .02263 .01600 .3 797 .7863 .57 

15 2 .5170 .03677 .02600 .1866 .8474 .49 

16 2 .6385 .12516 .08850 -.4860 1.7630 .55 

17 2 .6645 .00778 .00550 .5946 .7344 .66 

18 2 .8025 .11 526 .08 150 -.233 1 1.8381 .72 

19 2 .4995 .06859 .04850 -. 11 68 1.1 158 .45 

20 2 .7635 .0 1768 .01 250 .6047 .9223 .75 

Total 40 .6186 .11547 .01826 .58 17 .6555 .42 

Descriptive Stati stics 

N Minimum Maximum Mean Std. Deviation 
camelmi lk 20 I 20 10.50 5.916 

casein 20 2.30 2.50 2.4350 .07452 

Valid N (listlVi,e) 20 
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2. Ratio analysis report for casein fractions using my image analysis soft ware 

Weight marker 

bands 

a-casein bands I 
II-casein bands 

k-casein bands i 

Creation Date 

User Name 

Image Area (mm) 

image Pixels 

Pixel Size (urn) 

Standard 

Standard Lanes 

RegTession Method 

Image Report: 2014080S_142830.jpg 

Image Information 

8/5/20144:04:04 PM 

X: 225.778 Y: 169.333 

X: 640Y: 480 

X: 352.778 Y: 352.778 

Molecular Weight Analysis Details 

PageRuier Prestained Protein Ladder 

1 

Linear (semi-log) 
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f' "d ~Olum e 
fd I (Intensity) 

Lane and Band Analysis 
Lane I (weight marker) 

Analysis results table 

r:-I DeIl S il~-·--~'ICdi a n Loca l Bkg. Lora l-B-k-g,-C-O-IT', 
. ' . . Corr. Volume Densi ty 

(Pi xels) !I ( lntenslh'/area) (InlellSlly) f 
. ( ntens ity) (In tens ity/Area) 

I 

Lane 3 
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Analysis results tab le 

I~;' 1: 1······ ~" .... r :""". ~ Calc. . 
% 

% , .. ". 1 "" Density Median 
Corr. Volume Density Rf MW Rclall~c Purity 

Id (Intensity) (Pixels) (Intensity/area) (Intensity) 
(Intensity) (Intensity/Area) (kDa) Quantity Purity 

(Lane) 

I 
~18843370 r l25558 r 1725960.00 i 1°362 FrFr 2098.15 
r r05253 f46fl5 r 1474072.00 -T370 li----r~4i i- l iii8 -rFf4-1--

r rr122364 r 1167582.00 111 47.82 1°469 12847 rFr 
Lane 4 

Analysis results table 

Band Volume Area Density 
i (IntclIsi Corr. Volume Con', Density Rf MW 

Id (Intensity) (Pix els) ( Intensity/area) , 

r-- % 
Relative % Puri 
Quantity Purity ty 

(Lane) ~ I I Median Local Bkg. Local Bkg-·--F -f ale. 

I 
! ty) (Intensity) ( Intensity/AI'ca) (kDa) 

I ! r -799-0-90-1-!326 1245 11 ;-:2-46-7-2-rFrl~36 frFF-1 
r-r~~F-r-Frl ''"'' I:" f;;;-f- f-';-Im-i 

~13849089 r>1293 /25700 Ff~----1 ~47 FF-1 7821 F 
Lane 5 

Analysis results table 

r.::: VOIUIll-c-I Acc.-a -rD-e-n-s i-tY---li-~-le-d-ia-n- ~OCa'ekg. ~ocaIBkg.. I~ Calc. Relative ~Y' -~-. -I 
I ~dllli (I utensil)') (P ixe ls) (lntensity/al'ca) II (Intensity) orr. ,olumc Cor ... Density Rf MW Quantity Pu rity i Punty I ___ ;-_____ 1 (IntenSity) (Intcnsity/Area) (kDa) . I (Lanc) 

~-F-r41 123962 r l 577622 00 -11693.91 Ff:79F---r747-r-:60-
~rrF---r 1744642.00 F 1°44113086 rFr 
~1444841 3 r l28333 r 198477900 1627248 FFr-21--Fr-
~--~------~----~--------~------~--~L-al-,e-6~~--
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Analysis results table 

AI/alysis resufls table 

Volume I Area ! oenSilY Median Loca l Bkg. r
1

r 

L-o-, -a'-B-k-g-o --p-i Calc. I Relative % % 

I' I 0 / (I 0) Corr. Volume Corr. Density Rf : MW I Q. Purity (Intcnsity) I (Pixels) (IntensIty area) ntcllslty ! ' uantl ty Purity 
I (Intcnsity) ! (Intensity/Area) I (I.Oa) I (Lane) I 

l-i--- 0 r4524228-122i---1'9930----,-22616 --T236i24:0o--o 11040:63- 00, 0376 13727 0 r 053 T435 TI ~5 --1 

i 
I nand Id 

12 01 9046657 rl22902 r l445374000 1"27053 /00436 131.32 1100 f OiiI3090 --i 

t ___ o °1 46i9970--f~~~ --/30789---
o

T ;-644-- T'4JGG5S-00··--1945'~G8°1048; ! 2721 ~_~~ ! 87:~ li02.:=' 
Lane 8 
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Analysis results table 
I P-- f---Band Volume Area Density Median 

LocalOkg. Local Bkg. Calc. . o/c % 
Corr. Volume Corr. Densi ty Rf MW Rel atJ~e o. Puri 

Id (Intensity) (Pi xels) (Intens ity/area) (Intens ity) Quantl ly runty L ty 
(Intensity) (I ntensityl Area) (kDa) ( ane) 

r'Fr-[24215 f 359 [935209.00 F02.77 1°.383 1 3657-r-1 56 i4---r 
r17179809 r l21179 r 1135585.00 1399.96 1°449 Frrr 
[3---[ 3320183- f --1 27439 F---30--f 184.00 F ---- [O~489-r693-1794---F r---1.5---'-

Lane 10 

Analysis results table -,------ --.----r----r-----c--------F Local Bkg Local Bkg. 
Band Volum e Area DensHy ]\:lcdian . 

Corr Volume Corr. Density 
Id 1 (Intens ity) (I)ixcls) (Intensity/arca) (Intensity) . , 

( Intensity) (Intens ity/Area) 

Cal c. 
Relative % 

% 
Rf MW 

Quantity Puri ty 
Purity 

(kOa) (Lan e) 

0.383 136.57 11.87 
1

3049 ~ , 

0444 f63T~29---T~41f70 --

--'--T-P-0.489 i 26.93 11.97 32.11 1.52 
Lane II 

Analysis results table 

-- ,--' local Bkg. cor;-I ;--fca'C' IR-'-' ---'1',,,- 1.:'1' ,/,--Ba nd I Volume I Area Densit )' Median Local Bkg. c alive I / 0 . 

I Corr Volume Density Rf MW Q . I p ' Punty 
Id (Intensity) I (Pixels) (lntcll sitY/HreH) (Intcnsity) (Inte,',s,' 'Y) IIHlltlty IInty 

(Intcnsity/Area) (kOa) I (Lan c) 

r-------------r------------------. I, fir 46467 f--f830 r 1884634.00 12799.48 F !36.71 ~·~1 49.34 i3.42 1 

r r919 134H" ~87---1 23750 riSS008300 r ---I °.446-1 30.43 -f4--13068 r l 
r F i'45 - r --r 1358064.00 12469.41 [0.492 126.64 Io.80 -r997 r~ 

Lane 12 
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Analysis results table 

I""" "."- ,- ,,,"," M," ~.,~ rL-O-, -. I-B-k-g-, --Lj ca'c. Relative ~- % . 
. Corr. Volume Corr. Density ! Rf I MW Q ' p ' Punty 

Id (Intensity) (Pixels) (Intensity/area) (Intensity) (I ' ) 'I uantlly unly 
ntenslty (Intensity/Area) I (kDa) (Lane) 

r rrF9 pm-i-II-04-6-S-17-.0-0--'FI176 1°381 FI 235~-1 5607 r 

r19003995- r 128403 pm- 1519625.00 14793.77 1°.4S0 130.08 rFr 
r130364S5 F -II7%7---rSI86 169975100 [4140.54 ---~I OA8~6'r7-:J3 1 1.57 'Fr:28-

Lane 13 

Analysis results table 

Lane 14 

Analysis results table 
, 

Volume A rea Dellsity Median [:~"~ Ir"~ (Intensity) (Pixels) (I ntclIsity/ll rea) (Intensity) 
Corr. Volume Corr. Density 
(Intensi ly) (Intensity/Area) 

I 
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Lane 15 

Analysis resulls lable 

f F-· r;::-'-. Local Ok . Local Ok . i Calc. . ' % 
Band Volume Arell Density Medlall C V gl C g . f i " '!\v Relative 1% p ' 

. . . orr. 0 lim e orr. DenSlt R ! j Y •• lin t)' 
lei (Intensity) (Pixels) (Intenslty/arca) (Intensity) (I . ) (I . fA Y ) i •. (kD ) I Quantity Pun ty (L ) ntenslty utCIISlty rca i a ane , 

l I 

1-1--[771 JJ41 1243----I-:ili42-----r29298---f9s48oo-0 -15j42~' ., ., '10380 13684 r i l3 - [55 osT: 88 

r-'I I0447564 r IJ0728 r F·oo 13107.30 r .444 IJo.64 rl41.68 1J90 

[:;---FO-r182 ''[2548S --T';';99--/ 8J04 1.00 '--T'5627 ---rA'8i r2iOsTo~9---1'32sT~--' 

Lane 16 

Analysis resulls table 

Median Local Bkg. 

I 
. Corr. Volum e 

(ntcuslty) I 
( ntensity) 

Lane 17 

Analysis resulls table 
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Lane 18 

Analysis results table 

I Vo lume Corr. Densi ty Rf MW Q . p' Pu n ty 
I Band '-Y- o-,u- n-IC--'I A- ,-e-. -rt D-e-n-s-itY----r~-I'-d-i "-n- Local Bkg. Corr. Local Bkg. r Otic. nclativc Fyo 0/0 . I 

Id (Intensi ty) (Pixels) (In te nsi ty/area) (In te nsity) uantlty un ty 
I I (Intensi ty) (Intensity/Area) (kDa) (Lanc) 

rI-I ,0553962 -r i36143 134181 1479058.00 1 5065 .i-7---l o.373 T3i67-yj2 - --I 32 64-~3A-5 -

rl '4759510 r :35225 f 639 11963948.00 14687.23 1°.433 FrFr 
rl5915369 [171 134592----r 1087821.00 -- [6361.53---1°.473 128 15[2.44-- rioiT 9j--

Lane 19 

Analysis res lilts table 

I
' Band r;,O-lu-n-IC-I-A-r~a--1 Density l\Icdi:l1l Local Dkg. Corr. Local Dkg. r Calc. Re lative % ~I 

I I Volume Corr. Density Rf MW p' Purity 
Id (Intensity) (Pixels) (I ntensity/arca) (I utclIsily) Quantity IIl'1t)' I I I . (Intensity) (Intensity/Area) (kDa) (La ne) 

rl ,0305700 1267 --1 38598 135980 115688-1-9.-00--'15875.73 10.366 j38.37 r159.23 -~o-I 
rl ,0765216 r f31662 f-13-46-9-5--r l f-2-2-7.9-9---10.424 13251 1D.i7 -r93-[J:"3S--

r--F !292 '1 f-3-36-3-9---1f-3-'6-,-,--i-1-1l-57-2-4-1.0-0--f3963.'5 1°.472 128.25 fO--[-43M~5-1 
___ J 

Lane 20 

Analysis res lilts table 

~: I""''':'; -I-A-rca -, DCII-S i-ty---rM-c(-l i-"-I -f~oca l Bkg. 

I 
(I

' ) Corr. Volume 
Id (Intensity) I (Pixels) (Intensitytllrea) ntenSlty (Intensity) 

~1 ,0670;;40rI 39964 r 1457467.00 
rl '2836636rf 33255 r 1233478.00 
r-Ff- p318 r l"50227.00 
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Local Bkg. f~ Calc. I R I' F" % . c :ltlve 10 . 
Corr. Dellslty nf 1\1W Q . p' Punty 

. U:l ntlty unty 
(Intensity/Area) (kDa) (Lane) 

15458.68 1°.361138.94 r 11975.91 r 
-1 604 87-----[ 0419r3294 r~i2--'I31653r 

r '-r468 f9f-8 -'[ 1559.38 F 
---- ------

I 
I 

J 



Lane 21 

Analysis reslIlls lable 

Density I l\'ICdiflll 
LoclIl Bkg. '""' "'" r ~". I""". % 

% 

f Volume Area 
Corr. Volume Con', DClIsily Rf MW ! Q • . Purity 

Id (Intensity) (Pixels) (Intensity/area) (Intensity) 
(Intensity) 

. ! uantlly Purity 
(La ne) ( Intcnslty/Area) (kOa) ! 

~~-""1 9264336-r'9 -14i302----r906-4 -"f20 19.00--16995 . 52-~-IO:35S~ 1 39.22~li4-4 -125:64fi6S-

rl 16578556 rl 39566 136751 12321782.00 rms- F133081521 -Fr 
I 

rl8226570 1
193 142624 r 12120516.00 F -1 0464 12889 

1
476 Frs 

3 Preparation of stock solutions and buffers (Laemmli 1970 ; Liljerulun et ai, 2014) 

a) 30% acrylamide solution 

Acrylamide (29.2g) and bisacrylamide (0.8 g) were taken and volume was made up to 100mi 

with distilled water and it was filtered and stored at 4°C. 

b) L5M Tris - He l (PHS .S) 

Tris (lS.24g) was taken and dissolved in 60ml distilled water and pH was ad justed to S.S with 

IN Hel and volume was made up to 100ml in volumetric flask wi th distilled water and stored at 

4°C. 

C) O.5M Tis - Hcl (PH6.S) 

Iris (6.0Sg) was taken and dissolved in 60ml distilled water and pH was adjusted to 6.S with IN 

Hel and volume was made up to 100ml in volumetric flask with distilled water and stored at 

4°C. 

d). 10% SDS (Sodium Dodecyl sulphate) 

SDS (lOgm) was taken and dissolved in SOml distilled water and vo lume was made up to 100mi 

in volumetric flask and stored at room temperature. 

e) 10% Ammonium persulphate (APS) 

A fresh solution of ammonium persulphate was prepared for each gel by di ssolving 1 g 

ammonium persulphate in distilled water and made up to 10mi in volumetric flask with di stilled 

water. 
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