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CAMEL PRODUCTION PRACTICES, PROCESSING AND MARKETIN G SYSTEM
ALONG WITH ITS BLENDED CHEESE WITH BOVINE MILK IN B ORENA AND
GUJI ZONES, OROMIA, ETHIOPIA

Abebe Gemechu
PhD Thesis

Addis Ababa University (2023)

ABSRACT

The current study was conducted on camel milk prtiolol practices, processing and marketing
along with it blended cheese with bovine milk witle objective of assessing camel milk
handling, utilization, processing practice, marketiin selected districts of Borena, East Guji,
and West Guji Zone, and evaluating the impact ¢ biend on physico- chemical composition
of milk and cheese, sensory attributes, time ofjulzion and cheese yield. For the purpose of
gathering data, 160 respondents from four Zonesidis were chosen. The administration of a
cross-sectional survey design was used to acquiraapy data using deliberate sampling
strategies. The majority of participants in thealabllection were between the ages of 40 and 50
(41.2%), with a mean family size of five person aathel ownership (13head of the camel).
Male respondents made up 45% of the total respdedesile female respondents made up 55%
of the group. The majority of respondents (51.3%)la not read or write. In the current study,
the overall ranges of milk production (4-13 liteper day), caving interval (12-68 months),
milking duration per day (2-4), and lactation lehdi6-24 months). The traditional methods of
preservation utilized by the Borana and Guji comities were washing and smoking the vessels
(100%), storing milk in a frigid/cold/ environme(f8.75%), and boiling (27.5%). Another
activity they have been performing is combining elamilk with cow or goat milk (15.00%) and
turning it into sour milk (chuuchee) (94.36%). Tineditional containers used for milking and
storage by smoking with various plant componentiide the sorora, gorfa, okole, and plastic
jug. Camel milk has been utilized in the areasuceacoughing (60.6), uterine contractions in
women (65.5%), malaria (73.1%), and constipatio8.{66). A major obstacle and problem in
the districts, meanwhile, has been the spread dérgtanding about camel dairy processing and

development. To reduce the effect of lactationestagmilk composition, a sample of milk was
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Obtained from pastoral communities of Gomole distin the Borena zone using stratified
sampling procedures. The cheese was made usingrtarstulture (Thermophilic culture STI-
12) and camel chymosin with a blend of camel avd malk. Prior to the creation of the cheese,
the chemical composition of the milk used was exadni Cheese's physicochemical
characteristics were also assessed. When compareéde other milk a sample, the yield of
cheese made from 100% camel milk (T1) was consijelawer (P <0.05). Higher values were
seen in treatments that combined 25% camel milk ®8% cow milk and 100% cow milk,
significantly (P<0.05). When compared to the othelk samples under treatments T2, T3, T4,
and T5, pure camel milk (T1) coagulated in sigaifity longer (P<0.05) time (210 minutes), but
pure cow milk (T5) coagulated in significantly steor(P<0.05) time (95.67 minutes). In all of
the study's treatments, there were significantataons in the physico-chemical composition of
raw milk (p 0.05), in TS, TA, Fat and Ash. Cheeag demonstrate the effects of the camel blend
if protein, fat, totals solids, and ash content imged significantly (p<0.05). The significance
(p<0.05) boost in cheese's protein, fat, total d@gliand ash content could indicate how camel
milk has influenced cheese production. Diseasesasignally appearances of dough and bush
encroachment are the critical problems in camekmioduction in the area. The combination of
camel milk with cow milk brought the significanfpimmvement in physicochemical properties of
cheese, coagulation time and efficiency cheesereggdrom camel milk. Also the present of cow
milk in blend made the cheese to have a great saurmbverall acceptances of the cheese.
However, to obtain a cheese of camel milk with adgeurd, fifty and more percentages of cow
milk should be mixed.

Key Words: cheese, coagulatiomilk processing, pasteurizatippreservation, rennet and
starting culture
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1. INTRODUCTION

According to the live animal’s statistics, the wawide camel population is 35,525, 270 heads
(FAOSTAT, 2020), most of which are in Somalia, Suddiger, Kenya, Chad, Ethiopia, Mali,
Mauritania, and Pakistan. Camels live in the vasttqral areas of Africa and Asia and are
divided into two different species belonging to tpenus CamelusDromedary camels (one-
humped) mainly live in desert areas (arid) andBhetrian camel (two-humped) prefers to live
in cooler areas. More than 80% of the camel pomrainhabits Africa with 60% in eastern
African countries(Sudan, Somalia, Ethiopia, and y&n which are important exporters of
dromedary camels to the Arabian Peninsula and Effypye, 2015). According to (Entity,
2021) Ethiopia has about 8 million camels and nebshem were kept in southern pastoral areas
of the country. The majority of camels in the coyrdre found in the drier areas of the Eastern
part of the country and kept, among other animasiy for milk production in these areas. It is
widely admitted that dromedary camels produce mmaitke of high nutritional quality and for a
longer period of time than other species in anr@nmwvnhent that may be rightly termed as hostile

in terms of extreme temperature, drought and ldgasture.

The camel Camelus dromedariysplay an important role as a milk source in mang and

semi-arid countries, as they can produce more ovte a longer period of time than any other
species under these harsh conditions (Farah andargw005). In the Horn of Africa, where
60% of the world camel population lives, approxietyatl0% of the total milk produced is of
camel origin (Faye and Konuspayeva, 2012). Howeiwir potential to survive on marginal

resources in extreme conditions, camels has naot &gaoited as an important food source.

The total cow milk production for rural sedentargas of the Ethiopia in 2019/2020 was about
3.89 hillion liters (CSA, 2020a), whereas, the camék production for pastoral areas of the
country was about 1.82 billion liters. The conttiba of the different livestock species to the
total production is about 81.2% from cattle, 6.3%nf camels, 7.9% from goats and 4.6% from
ewes (CSA, 2008). Due to the highly perishable nreataf milk and mishandling, the amount
produced is subjected to high post-harvest logdsesses of up to 20-35% have been reported in
Ethiopia for milk and dairy products from milking tonsumption (Feleke, 2003)otal annual

1



milk production increased at a rate of 1.2% forigedous stock and 3.5% for improved stock
(Redda, 2002).

Livestock is the principal asset of most pastorad agro-pastoral communities. However, the
extreme fluctuation of climatic events has beenuinp significant impact on livestock
production and productivity in arid and semi-arickas of the country(Habte et al., 2022).
Currently, the frequent outbreak of drought in g@storal parts of the country including the
targeted pastoral areas of Borena and both GujeZas influencing the productivity of cattle
managed under traditional ways (Bogale and Ered22)2 However, the camel is an exceptional
animal that can survive these harsh environmewtaditions better than other livestock species.
So lowland pastoral communities of Ethiopia inchglBorena and both Guiji are following the
tried-and-tested adaptation strategy of shiftirgrfrless resilient (but more marketable) cattle
and sheep into more resilient camels and goatstffarmo and Wekesa, 2008). Some Borena
pastoral areas that have not traditionally farmachals are adopting this species as a means of
adapting to less predictable access to water aguént outbreaks of drought. Because, they
experience cattle are less resistant to thirstaardmore susceptible to infectious diseases than
the camel and goat species (Yosf al, 2013). Besides the annual expansion of bush
encroachment in pastoral areas including Borenabatid Guji Zones has made camel to have
good attention, because of the unsuitability of tth@ny attributes of bush for other kinds of
livestock.

Many Ethiopian pastoralists claim that it is diffit to process camel milk to make butter,
yoghourt, cheese except some traditionally fernteotanel milk in Somali region (Lumadede

al., 2010). Butter from camel milk cannot be obtaisedeasily using the traditional churning
methods because camel milk shows little tendencgréam up and the fat in camel milk is
firmly bound to the protei(Asresit al, 2013a). Most of the camel milk is drunk frestganeral

and in Ethiopia in particularly. It is also consuim&hen slightly sour. In most camel rearing
societies, the milk is mainly consumed in its rawates without being subjected to any sort of

processing treatmefitumadedeet al, 2010).



On the other hand, nowadays at different placehefworld there are modernized camel dairy
processing which are able to produce different ¢amié product (Isamet al, 2011). Asret
al.(2016) revealed that as camel milk has been predassto butter with low efficiencies and
long churning time as compared to goat milk. Precgscamel milk into cheese is difficult and
has even been considered as impossible, due fadhéhat the relative distribution and amino-
acid composition of camel milk caseins are differeam bovine milk (Yagil, 1982a). Camel
milk casein has high beta casethiGN) (65% versus 39%), low alpha-&asein ¢s1-CN) (22%
versus 38%), and low kappa casetrCN) (3.5% versus 13%) as compared to bovine milk
caseins. Moreover, the camel milk caseins have Homology to bovine milk caseins, being
39% foras-CN, 64% fors-CN, 56% foras>CN, and 56% fok-CN (Kappeleet al, 1998). The
chymosin cleavage site of camel milk k-CN was foatdhe Ph¥-Ile®® amino-acid sequence
site, whereas the hydrolysis site in bovine milkPisé®>~Met'® (KAPPELER et al, 1998).
Thus, the amount a#CN in camel milk is relatively small and coagutettiof milk in cheese
making is typically achieved by enzymatic hydradysix-CN at the surface of casein micelles.
Camel milk has been reported to contain higher wireyein to casein ratio compared to bovine
milk which is responsible for a soft and easily etible curd in the gastrointestinal tract
(Shamsia, 2009). Camel milk casein has large neicgilte with an average diameter of 380
versus 150, 260, and 18t compared to bovine, caprine, and ovine milkpeetively (Bornaz

et al, 2009). Smaller casein micelles have been reppada@mprove the gelation properties of
bovine milk (Glantzet al, 2010). Thus, the lower amount of k-CN, the hrghio of whey
protein to casein, and the larger micelle sizeamel milk are reported reasons for the difficulty
of cheese making. These properties result in faonaif a less firm coagulum and lower yield

during cheese processing.
1.2. Statement of the Problem

Application of different methods in camel procegsinto milk products both under traditional
and advanced techniques in Borana and Guji Zonssblean limited. some studies have
identified traditional methods to produce fermentadhel milk Dhanaan in Somali region and
ittitu in Kereyu(Lumadedet al, 2010), Suusac in Kenya, and Garris in Somalagfkret al,

2007). Despite, the claim of pastoral community wbihe difficulty to process camel milk,

3



different study reports were revived that “therg@dssibility of camel milk processing to butter
and yoghurt but, the efficiency of processing camgk into cheese under natural condition of
processing is very low or impossible (Isashal, 2011, Mortada and Omer, 2013; Mulebal.,
2013 and Abdulazizt al.,2014). This might be due to the high beta caggi@N), low alpha
Sl1-casein¢s1-CN), and low kappa casein-CN) as compared to bovine milk caseins. It also
stated that, manufacturers of camel dairy prodsath as cheese, yogurt and butter using the
same technology as for dairy products from bovirl& oan result in processing difficulties and
products of inferior quality (Berhet al, 2017a). Enzymatic treatment methods investigated for
soft white cheese have potential for the develognoércheese with good acceptability from

camel milk.

In the study areas camel milk have been used lbothdme consumption, selling raw milk and
fermented ones (Birharet al, 2021). The small-scale camel milk fermentaticetmd has been
carried out using the fermented milk of other anis@ecies (cow and goat) as a catalyst. By
permitting the camel to travel over long distanaétf milk loaded on its back obtain butter in a
minimal way. They used various indigenous knoweetigconvert the camel milk into sour milk
known aschuuche. This age-old technique could be used to stik mid quickly turn camel
milk into butter. The other traditional way usedsjoeed up the process is to place a hot stone
(Smoky Quartg, known locally as ¢habbii" into camel milk that is ready for processing.
Rennet is the most popular coagulant used by cheagers to manufacture many different
types of cheese (Badmos and Joseph, 2012). Aweaserin acidity, prolonged heating, or
enzyme activity could cause coagulation (Adepstj@al, 2012). The process of making cheese
aids in keeping milk's important components intdxte to its high presence of antibacterial
components such as lysosome, lactose, and immundiglp processed camel milk has great
biological properties. Additionally, it is used meally to treat Spleen disorders, anemia, asthma,
and tuberculosis. Lysozyme, lactoferrin, lactop&te, immunoglobulin, and secretary
immunoglobulin are all present in significant quaes in camel milk. Cheese manufactured
from a combination of cow and camel milk has bedtema, appearance, hardness, and textural
gualities than cheese made exclusively from canikd(Ayyash et al, 2018). Because of low

attention has given in camel production, little kisown about camel dairy production and



processing as compared to other livestock speditssvever, documenting camel milk
production, processing and management practicesridang the basic production, handling and
utilization of camel dairy and identifying the peNng constraints have substantial importance
to design sustainable camel dairy production imenoent strategies. Hence, this study was
designed to assess on camel dairy production, gsoug utilization, management and
evaluating the impacts of mixing cow milk with canneilk on milk coagulation, cheese vyield,
and chemical composition and sensory attributeketheese.
General objective:

- To generate information on the camel milk produttimcessing, marketing, challenge

and constraint in exploiting of camel milk, and ebe making from camel milk.

The specific objectives:.

= To assess camel milk production, processing, hagdlipreservation, marketing,
utilization and management practices in the areas

= To evaluate the efficiency of making cheese fromelamilk by blending it with bovine
milk.

= To evaluate the physicochemical properties andosgradtributes of raw milk and cheese

made from camel milk blended



2. LITERATURE REVIEW

2.1. Camel Production Systems in Ethiopia

Livestock production systems in Ethiopia can bealtp classified into two as the traditional
production systems (pastoral nomadic, pastoralskhamant, agro-pastoral and smallholder
mixed crop-livestock) and the modern productionteays (ranching, intensive/semi-intensive

peri-urban/urban, feedlot and commercial produgtion

Camel production system could be classified asitioadl nomadic management system and
transhumant, sedentary, semi-intensive and intensianagement system Fazdlal(2017).
They are predominantly kept in the pastoral an@-@gstoral production systems (Tadese, 2018)
which is similar with the study reports of Deje2®15) on camel production system in Borena
and Guji. Only few male camels are to be fountheanmixed crop-livestock system. In Ethiopia
semi-intensive and intensive management practice pnacticed for camel production as
compared to other animals. There is no improvementousing, feeding and watering to
advance production system. Management practicethiofia is basically traditional and they
house camels in open camp around their home dumigigt and herded during day time in
communal grazing land (Gramay and Ftiwi, 2018). Wagority of camel herds have kept under
an extensive management system are browse and tggether with other species of animals
and the pastoralists have been managed the younwalanin traditional ways (Yohannext
al.,2015).

In different parts of the country camel managemsntontrolled by the responsibility of the
husband and sons, while the work includes gathennngnd carry forages and hauling water for
relatively immobile young calves, which are keptnigar the family hut (Awoket al., 2015.
Camel managed under good keeping practices couwbtbry the improvement of the herd
production and productivity.



Pastoralists keep indigenous breeds/types andnobitaie than 50% of household income from
livestock and livestock products. The system is mamnpler than the mixed crop-livestock
systems of the highlands. There are few inputsrdtien labor. Herd and flock composition is
regulated to some extent (only few breeding matesnaaintained). Grazing management and
herd movement are determined by the seasonal mattdrrainfall and availability of water.
There is little to no interaction with crop agrituk, and although a range of livestock species is
managed to reduce risk, one or two species domikaieexample, camels and goats are the

main species in Afar and Somali, while in Boranagaattle are still the main species.

Production is mainly for subsistence, but surphisnals are sold. Generally, camel populations
have been increasing in the pastoral areas dunmgast 2@ears by at least 10, 20, 25, 15, 25
and more than 200% in Gode, Jijiga, Shinille, Milkkmibara districts and Borana zone,
respectively. On the contrary, cattle populatidasreased by 50 to 70% in these districts during
the same time (Tadesstal., 2014). According to these authors, about 141P5and 8% of the
households studied in Gode, Jijiga, Shinille andaBa, respectively; do not possess cattle at
present. In the agro-pastoral production systeop egriculture is combined to a limited extent
with livestock rearing. It is practiced in semiehdreas and may take the form of either sedentary
or transhumance way of living. Indigenous breeg@®syare reared and livestock contribute
between 10 and 50% of household incomes. Mixed-kvegtock production systems prevail in
sub-humid and humid central highland parts of KilsioThe system is sedentary and livestock is
secondary to crop production. It is characterizgdrnallholdings of about 1 tol of land and
two to four heads of cattle (Mirkere al, 2018a)

2.2. Camel Breeding Management Practices

The Borena and Guji pastoralists have been reatlifigrent camel heard structure whose
proportion varies from one category to the othéreré were more female than male camels for
all age categories. In pastoral herds in Ethioghia,proportions of breeding females have been
reported to be greater than male in percentagemliGe&Kassa, 2002). Larger proportions of
females in herds of the study areas indicate agtd@sire of herdsmen to maximize herd size

and the importance of milk production in pastorals (Dejene, 2015).
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Keeping only the male for breeding purpose, theguaksts have been reducing the population

of male camel through selling.

In both Borena and Guji Zones the camel bull isdeld at an average age 4.5years for breeding,
while the female one is selected at the age ofeaisyold. In Ethiopian the age at which the
camel reached range from 3.9 to 4.7 years for fepwethereas 5.5 to 6.5 years for male (Mirkena
et al.( 2018a). On average, female camels deliver their first offgp around five years under
Ethiopian conditions. Traditionally managed bulksach age at first service at 5.5 years and
achieve full sexual maturity at seven years of dgéng which time they achieve the capacity to
accomplish 11 services per day and also succeg$fided 60 to 70 cows in a breeding season
(Ahmed Sheket al, 2005). Calving interval is normally two years axerage with values
ranging from close to 18 months in Borana (Deje@&52 to 31.2 months in Afar (Keskesal,
2013). The criteria set for selection are obseyihre pedigree of dam and sire, body condition
and individual animal temperament. In both casebtiiehas selected from their own herds, only
small percentage of the communities are shared fn@nghbors and purchased from form
market, (Dejene, 2015. The camel keeper had owrgge than one bull, but only one is active
enough to give mating services. The main matiragee was during the short rainy season
(Hagaya)which extends from September to November

2.3. Milk Production from Camel

Realizing the importance of camel’s milk (Al-Swailest al, 2010).) reported that the ability of
camel to convert desert vegetation in to valualdedfitems was the only reason for its
domestication. Camel lactates in adverse conditiand significantly superior to other livestock
animals in terms of food production and many cabrekds have been identified as potential
‘dairy’ breeds and could be used as a source dakejpron drought stricken areas(Staalal,
2008)

In many arid areas, camels play a central role@dyzer of milk. The comparative advantage of
the camel as a dairy animal over the other spdaethe same environment is difficult to

guantify; however, it is widely recognized thatabsolute terms, the camel produces more milk,
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and for a longer period of time, than any otherknahimal kept under the same conditions
(Farah, 1996). Some studies in Ethiopia showedttigaAfar pastoralists rearing simultaneously
cattle and camels get average 1 to 1.5 liters & with Afar zebu against 4 to 5 liters with Afar
camel (Richard, and Gerard, 1989).

According to FAO (2018) report, the annual camdkrmroduction in Ethiopia is estimated to be
176113 tones. In most parts of the country camt miutilized in the form of whole milk. It is
essential diets for family in an area that may exity term as arid and semi-arid. Tekle and
Tesfaye (2013) reported that the highest milk yisldbtained during rainy season regardless of
production system. This owing to the nutritionatas of the feed during the wet season, where

feed s are abundance of many types of vegetatidmieimin nutrients.

In different parts of the country camel milking gtiaes and amounts of yield obtained has been
varies from place to place and breed to breeddepénds on agro-ecology in which they kept,
feed availability, season, water access and managemeatiges. The annual camel milk
production in Ethiopia as a general is estimatelbetd 70,000 tons (Seifu, 2007a). Seifu, (2007)
also stated that a good dam could yield 9 kg okrpigr day at the peak of lactatifor an
unspecified type of camel. Daily milk yield of cal® in and around Jijiga was reported as it
ranges from 1.0-6.0 liters per day Simeretval, (2013). Mean daily milk yield of 2-6 liters was
reported by FAO (2001) in Somalia and accordind-aodhet al., 2004) milk production of
Somali camels was 5-6 kg. Also, Kebebew, (1998jedse and Tuffa, (2001b) and Wosene,
(1991) reported that milk yield of 7.5 kg, 3-10 &0 kg per day in the Ogaden camel keeping

area in east Ethiopia respectively.

Gebissa, (2015) reported that high milk and meadyction (98.9% and 96.7%) was the primary
purpose of camel production in in the Borana fokdwby income generation (92.4%), and
transportation (83.7%)). The lactation length aihets was 13.38 months on average (Gebissa,
2015). The finding is in agreement with the pregidinding of Bekeleet al (2002) which
reported as 13 to 15 months of lactation. Howevés,shorter than 15 to 18 months for Afar and

higher than 6 months for Kereyu camels as per ¢pert of (Schwartz and Walsh, 1992) and



(Alemayehu, 2001), respectively. According to Ge&ajg2015) camel milk yield in Borana was
range from 4-9L/days and frequency of milking coulties from two to three time per a day
based on the season of the year. Milk is a usualfavorite food for afar camel owners. Daily
milk yield of Afar camels range from 2.01-12.0 tggoer day depend on feed availability, season
and water access. Lactation length is 12 monthdstrof the cases but factors affecting lactation
length include season of the year and demand fikr fori more prolonged time(Simenest al,
2013a).

Lactation length can be prolonged when there isigeed availability and if demand for milk by
the owners is increasing. The frequency of cami{ing by the pastoralists vary and it depends
up on the following factors: quality of milk proced per animal, extent of demand for milk,
season and number of milking camel present inhérd, availability of other food for the camel
owner, age and health of the calves. Generallgémeels are milked two to three times per day.
The variations could be due to the number of arsnralolved, difference in pastoral practice
such as milking frequency and suckling to breededihce as well as other management or
environmental difference. FAO (2004) milking praetis also known to affect daily milk yield.
Kebebew (1998) also observed that Ogaden camets tmgh milk yield, long lactation length
and long persistency, which suggests that Ogaderelsaare good dairy animals in arid and
semi-arid areas. Study conducted in Northern Kealga shows that a camel can produce one
liter of milk from about 2 kg of vegetation dry ret consumed; while for equivalent milk
production a cow will need more than 9 kg of dryttera(Stiles, 1983).

Allowing the calf to suckle for a few minutes befdrand milking makes it difficult to measure
actual milk yield while milking without any previsumechanical stimulation of the mammary

gland, leads to lower yields

Traditional hand milking is the only method of niily practiced in the country. Camels are
milked between once and three times a day, depgratinthe season. If a calf seems weak or
becomes ill, its dam (mother) will be milked lessquently and the amount of milk taken on

each occasion reduced. Traditionally, calves al@vall to suckle their dam before and after

10



milking, to initiate milk let-down and then drainhatever is left in the udder (Kebede al,
2015a).

2.4. Consumption and Utilization of Camel Milk

The consumption of milk and milk products vary gexqodically between the highlands and the
lowlands and level of urbanization(Ahmed al, 2003). In the low lands, all segments of the
population consume dairy products while in the tagds major consumers include primarily
children and some vulnerable groups of women (Ahatead, 2003)

Camel milk is consumed in raw form either whersifresh ¢{lhai) or soured Karoore) with tea
(Cadeesg or added to grain foods or porridges (Asefa,1208imilar consumption mode was
reported by (Wilsoret al, 1990) and in Somalia ((Hashi, 1984)) and withodlan Kenya
(Bollig, 1992). However, camel milk is highly prefed for consumption when it is in fresh form
with tea (@dee$. Thekaroor is usually preferred with boiled sorghu@drow), with rice, or

with maize (sorghum) porridges (Asefa, 2011).

Though the habit of milk consumption appears tosimeilar across camel herder societies of
Ethiopia ((Mariam, 1987), the amount consumedadtthe total milk off take per households
per day varies. Tezera and Bruckner, (2000) regdhiat majority of households in Jijiga site
divide the amount of milk obtained from their hdodt consumption and sale per day in each
season while the other households take almost itkl directly for consumption. According to
the same author in Jijiga site only about 24% ef ititerviewed households consumed all the
milk produced in wet season. However, this figwéncreased to 39% during dry season. In the
lowland when milk supply in the household incredse to season or high number of herd, they
increase their household consumption other tham@guisite for dairy sale. For instance, in the
Borana household, out of the total milk off-také®& consumed at household and 24 % is sold

or given to other households (Coppock, 1994).

However, a survey reported conducted by Asefa, {p0&howed that, about 73.3% of the

interviewed Afar pastoral households indicated ttety give surplus camel milk for their
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relatives and neighbors and it is also given to atier guests who want camel milk. Similar
observation was reported by Bekele and Kebebevwg1(?@ho indicated that camel milk is not
commercialized in Afar and thus almost all milk guced were used for home consumptions.
Ali et al(2008) also stated that camel milk is often shambng neighbors and guests to show
hospitality. Moreover, in the eastern part of Eff@oShinile zone, about half of milk of a given
camel is contributed, by the better off and mosthaf middle households, as gift to the needy

and guests every morning in normal wet seasonse(B&vChildren, 2002).

2.6. Composition of Camel Milk

Camel milk has a unique characteristic as comptrdmbvine milk. It has a white opaque with
salty taste and lower pH compared to that of codk.nkurthermore, the fat globules’ average
size is smaller compared to bovine, buffalo, analt gailk fat globules (Khalest al., 2017. The
first milk, the colostrum is white and slightly died as compared with the colostrum of cow.
Other study on the composition of the camel milgeatels on the stage of lactation (Khaskbeli
al., 2005). The total solids declined to 18.4% dutimgfirst 2 days of lactation then finally to 9-
16%. This decline in total solids was not caused lwariation in fat content, as initially the fat
percent was low; rather the decline in total prideand minerals (Khaskhedit al, 2005).
However, in most countries camels’ milk colostrismot palatable for human consumption and
drinking (Shalash, 1980). The colostrum contaimgdaamounts of antibodies due to this reason
it is advisable to suckle calves as it helps fovellgpment of passive immunity (Yagil and
Etzion, 1980).

The total protein in camel milk is similar to thatcow milk. In camel milk the main protein is
casein, that held about 52-87% of total proteinjlevinhey protein contribute only 20-25%
(Devendreet al.,2016). He also stated that camel milk has mpiEsein tharis a-casein65 to
21% of total casein, respectivel@asein in camel’s milk has four fractions and actsuthe
ratio ofasl toas2 tof to k-casein significantly varies in camel’s milk, bei28:9.5:65:3.5 (Park
& Haenlein, 2013)Camel milk casein and their fractions were foundbéopoor in crud protein
when compared with cow milk (Devendetal, 2016).
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The protein percentage severely decreased fromddateg camel milk (Yagil and Etzion,
1980).Again, this demonstrates the direct effectmriking water on the composition of milk
result stress the protein content of feed direatfgct milk composition. The mineral content of
milk is expressed as total ash. This total ashesdrdf camel milk varies greatly and the lowest
percentage of fat, protein and lactose content,@dbium, phosphate and magnesium was found
in the milk produced by dehydrated camel (Yagil &tdion, 1980). Therefore, that increase

sodium and chloride would account for the saltyet@d camel milk at the time of drinking.

2.7. Camel Dairy Processing

Processing of camel milk into different productstsas, butter, yoghurt and cheese critical for
increasing the shelf life of the products. Howedifferent factors make camel milk is not easily
fermented. So, manufacturing of fermented prodfrotsm camel milk is reported to be difficult
due to lack of a desirable curd formation and fiessr and the curd is instead fragile and
heterogeneous and consists of dispersed flakesa (éttal, 2001a).According tolzadi et
al.(2019 report thedifferences in protein profile can affect the comipion of fermented camel
and cow’s milk that resulting in variability of th@rocessed products. As he revealed fermented
camel’s milk has more antioxidant peptides, propabtle to the structure @casein. Sop-
casein in camel's milk is shorter and contains mpreline. Its hydrolysis results in the
formation of bioactive peptides and release of anaicids such as phenylalanine and tryptophan

with antioxidant propertiedadiet al, 2019.

The fat content varies from 1.2 to 4.5% in camalitk (Devendraet al, 2016).However,Park

& Haenlein (2013)eported that the content of fat in camel’s mileymeach up to 6.4%, and its
profile is characterized with the presence of wnsdétd and long chain fatty acids at higher
amounts. This helps in lowering the level of lipidshuman serum. The content of long-chain
fatty acids is 92-99%, and the percentage of ureiai acids is 35-50%z@di et al, 2019.
These structural differences impart “waxy textui@'the camel’s milk fat. The lower content of
carotene makes the color of camel’s milk whiter paned to cow’s milk Devendraet al,
2016).
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Mineral contentof camel’'s milk is similar to cow’s milk, especiallin Ca, P, Mg, Na, and K
content(Kaskous, 2016 The main distinction is in the content of Zn,,(te, and Mn, as
camel’s milk has higher concentrations of these emals. Increased iron concentration in
camel’'s milk may be useful for the prevention adnikdeficiency anemia. In addition, lower
concentration of citrate in camel’s milk than inaée milk increases lactoferrin antimicrobial
activity, because it needs small levels of citiatde beneficial Park & Haenlein, 2013)The
total mineral content of camel’s milk fluctuatesrr 0.60 to 0.90%. The salty taste of camel’s
milk can be explained by the enhanced content &iricke obtained from the feed eaten by

animals(Devendreet al, 2016.

In addition, the content of ascorbic acid is highecamel’s milk. Therefore, it can extend the
shelf-life of its products and increase its antilait and antiradical abilitig$zadi et al., 2019
The concentrations of mineral salts and vitaminsamel’s milk depend on breed, feed, water
intake, and stage of lactation. Besides, camellk oantains higher concentration of vitamin C
and niacin compared to cow’s milk. But it is dedict in B1, B2 and A vitamins, pantothenic
acid and folic acid. Both camel’'s and cow’s milkveaalmost the same content of vitamins B6
and B2 (Devendra et al., 2016

On the other hand, camel's milk has better hedtilgtathan cow’s milk. The increase of
camel’s milk temperature to 80 °C causes a breakadof 32—-35% whey proteins, while the

increase to 90 °C results in denaturation of 47-58%s whey proteins (Izadit al, 2019

Even though that, in different parts of our countgrtain Authors have been realized in

somewhat as camel milk can be processed in to yoghd butter (Asresie et al., 2013b)

2.7.1. Butter making

Due to its nature camel milk has blamed not to hegssed into butter by pastoralists and
certain researcher like (Farah, 1993), but in redene different authors reported that as
converting of camel milk into butter is possiblednyalyzing their fat contents. The fat content of
camel milk ranges from 1.2 to 6.4% (Konuspayetal, 2009), which is comparable to that of

14



bovine milk. Nevertheless, butter is not a traditib product made from camel milk and is
difficult to produce by using the same technolo@pmduction as for butter from bovine milk.
The somewhat higher melting point (Bergieal, 2013) of camel milk fat (41-43) makes it
difficult to churn the cream at temperatures 1G€1hich is the optimum churning temperature
for bovine milk. Processing of camel milk into lartis also difficult because camel milk shows
little tendency to cream up due to deficiency & pnotein agglutinin, small fat globule size, and
a thicker fat globular membrane(Farah, 1996). Camék is reported to have a higher
proportion of long chain fatty acids and a loweroamt of short chain fatty acids. The high
melting point of camel milk butter can be attriblit® the high proportion of long chain fatty

acids in the fatty acid profile.

Butter can be made from camel milk under optimumditons of churning temperature and
agitation method (Berhet al, 2013) reported that vigorous shaking of fermeéramel milk in

a vertical direction instead of the traditional kaand fro-agitation method at a relatively high
churning temperature (22-&3 was able to extract butter from camel milk wittia& recovery
efficiency of 80%. This method exerts more forceupture the fat globule membrane and allow
the globules to adhere to one another. Fatafl. (1989) also reported that camel milk butter
was made at churning temperatures between 15 &igd Bécording to Faralet al. (1989), the
highest butter fat recovery of 85% was obtained ehurning temperature of &5 Camel milk
butter is prominently white with a more viscous sistency compared to bovine milk butter. It is
reported that pastoralists in the Sahara regiodym® small amounts of butter from camel milk
and they usually use it for medicinal purposes {Y4§82b).

2.7.2. Cheese making

According to the several authors study reports eaad that processing of camel milk into
cheese is difficult and has even been considerennpessible (Yagil, 1982b). The relative
distribution and amino-acid composition of camelkntaseins are different from bovine milk.
Camel milk casein has high beta casdifC{), low alpha Sl1-casein (-CN), and low kappa
casein ¥-CN) as compared to bovine milk caseins which aentioned in Tablel below.

Moreover, the camel milk caseins have low homoltmpovine milk caseins, being 39% for -
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CN, 64% forp-CN, 56% for -CN, and 56% fat-CN (Kappeleret al, 1998). The chymosin
cleavage site of camel milk k-CN was found at the37-Ile98 amino-acid sequence site,
whereas the hydrolysis site in bovine milk is PHed@et106 (Kappeleet al, 1998). Thus, the
amount ofk-CN in camel milk is relatively small and coagutettiof milk in cheese making is

typically achieved by enzymatic hydrolysisieCN at the surface of casein micelles.

Table 1: Casein protein distribution of camel, &ogine.

Caseins (% of total caseins)

Camel Bovine
asl-casein 22.0 38.0
as2-casein 9.5 10.0
p-casein 65.0 39.0
K-casein 3.5 13.0
Total caseins (g/100 ml milk) 2.4 2.5

Sources: Kappeleret al (1999), Eigelet al.(1984), Park and Haenlein, (2008), Maréh al (2013), and
(Malacarne et al., 2002), Berbeal (2017)

Shamsia (2009), reported that alpha-lactalburaihA) is the major protein in the camel milk
whey protein group while th@-lactoglobulin $-LG) has been absent from camel milk as
pointed in Table 2. Camel milk has been reportecbttain higher whey protein to casein ration
compared to bovine milk which is responsible fosaft and easily digestible curd in the
gastrointestinal tract (Shamsia, 2009).Camel malkein has large micelle size with an average
diameter of 380 versus 150, 260, and @80 compared to bovine, caprine, and ovine milk,
respectively (Bornazt al, 2009). Smaller casein micelles have been regpddemprove the
gelation properties of bovine milk (Bornatal,2009).Thus, the lower amount of k-CN, the high
ratio of whey protein to casein, and the largeratihécsize in camel milk are reported reasons for
the difficulty of cheese making. These propertesuit in formation of a less firm coagulum and
lower yield during cheese processing. Low efficienf cheese processing trials is reported by
Bornazet al(2009).and (Konuspayew al, 2007a) .How ever still cheese making from camel

milk has taken as impossible.
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Table 2: Whey protein distribution of camel, bovine

Whey proteins (g/L) in milk

Camel Bovine References
B-Lactoglobulin Absent 1.3 Malacarneet al (2002)
a-Lactalbumin 5.0 1.2 El-Hatmiet al (2006)
Serum albumin 2.4 0.4 Madureiraet al. (2007
Whey acidic protein 0.16 _ Park and Haenlein, (2008)

Inglingstadet al. (2010)

Lactoferrin 0.22 0.14
Immunoglobulins 0.73 0.7 Berheet al(2017)
Total whey protein 9.3 7.3

The average values of the result obtained fromaferences

2.7.3. Yoghurt making

Manufacturing of yoghurt or other fermented produétom camel milk is reported to be
difficult. Dromedary milk coagulum does not haveesirable curd formation and firmness and
the curd is instead fragile and heterogeneous amdists of dispersed flakes (Attet al,
2001b). The problem with camel milk yoghurt is thhe thin consistency and weak texture of
the product. Yoghurt texture is a very importantapaeter that affects the appearance, mouth
feel, and overall acceptability. Camel milk has rbeeported to be not easily fermentable
because of its antibacterial properties mainly doethe presence of protective proteins.
However, growth of commercial starter cultures amel milk has been found to be possible
Ramet, (2001 ). The acidification rate in camelkmias, however, lower than in bovine
milk(Abu-Tarboush, 1996).

Nevertheless, there are reports that indicate tssipility of yoghurt production from camel
milk(Ahmed et al, 2010). Study by Hashirat al, (2009) showed that the firmness of camel
milk yoghurt could be improved by supplementatidntlee milk with gelatin, alginate, and
calcium. On the other hand, (Al-Zoreky and Al-Otai®015) reported that supplementation of
stabilizers to camel milk could not improve the sistency of camel milk yoghurt.
Ibrahim,(2015) suggested that the use of exopotysatde producing starter cultures could
improve the texture of camel milk yoghurt bettearthadditives. There are also reports that
indicate the weak texture of camel milk yoghurt t@nimproved by mixing of camel milk with

milk of other livestock species such as ovine rfiitkahem and El Zubeir, 2016).
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The weak texture and thin consistency of camelk nyibghurt can be attributed to the
compositional properties of the milk such as latg-0G and lower amount of k-CN, high whey

protein to casein ratio (Shamsia, 2009).
2.8. Environmental and Public Health Benefit of @hmilk

Camel milk is popular in the world as it has exeelInutritive values and many health benefits.
There are many dairy and non-dairy products that ¢buld be manufactured from camel milk
such as milk powder, yoghurt, and fermented prajureams, ghee, ice-cream, frozen products,
sweet, and candy (such as chocolate bars and s)dqRikaj et al., 2019. Camel milk seems to
have many challenges during high temperature teatras well as creaming to manufacture
yoghurt and other fermented dairy products, creachlautter. On other hand, ice-cream, frozen
yoghurt, and chocolate bar manufacturing from camék seems to be less challenging
(citation). Further research is recommended to esdhe faced challenges and to develop

different version of these products such as skow,fat, low sugar and flavored products.

The camel milk therapeutic and prophylactic prapsrtwas revised as a commonly and
traditionally practiced medical intervention, anecently evident by modern research, with
emphasis on antimicrobial and anti-inflation ( Ab&&ader,2016., Khatoon and Najam,2017)
and Hammam, 2019). According to Arabal (2014) report camel milk is a potential candedat
for pharmacological efficacy on inflammatory bowaiseases (IBD) with minimal adverse
reactions and It has been consumed as an essauttidlonal supplement with high energy and
vitamin content to help immune-deficient patientddoreover, camel milk enhances the
absorption and the metabolism of antioxidant viteysuch as vitamins C and E (Hanetdl,
2019). Camel milk consumption had a positive effent antihypertensive agent (Korish &
Arafah, 2013).
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3. MATERIAL AND METHODS

3.1. Description of Study Area

This study was conducted in selected districtsafBa, East Guji and West Guji administrative
Zones of Oromia Regional State of Ethiopia. Researeas were involved four pastoral districts
of the Zones. Two pastoral districts from Borand amo from East and West Guji Zones were

planned to involve in the study.

Borena zone Borana is considered for this study becausetyipgal for the pastoral areas in the
horn of Africa where different drought adaptaticmategies were experienced. The Borana
administrative zone is situated in Ethiopia’s OrarRegional State. The current studies were
conducted in two districts of Borena zone a@mole, and Yabelo. These districts were

selected purposively because of they are knowrabyet production.

Borana zone is located in the Southern part oRégion (between 3°26° — 6°32‘North latitude
and 36°43'- 40°46' East longitude) and borders Kenkhe altitude of the zone ranges between
1,000m and 1,500m above sea level. The semiarithims are predominantly flat, covered with
bushes and shrubs (Borana Zonal Administration3R0Yabello is the capital town of the
Borana zone and lies 567 km south of Addis AbalmaBa is known for its traditional Gada
system, an indigenous and complex socio-polititailcsure that governs the strategic interests
that are reflected in all of the day to day lifeBorana society. Vegetation in Borana is mainly
comprised of a mixed savanna, which is dominategdrgnnial grasses (Cenchrus, Pennisetum,

and Chrysopogon spp.) and woody plants (AcaciaGordmiphora spp.)

East Guji zone: The East Guji zone is one zone of Oromia Regiorchviborders in the North
with the Gedeo zone and the Sidama, in the South tive Somali Regional state, in the East
with the Bale zone, and in the West with Borana &¥elst Guji zones. The Guji zone has
districts which are categorized as pastoral and-pgstoral districts. This study was conducted
in pastoral district oLiban. The climate of these pastoral and agro-pastasalicts of the East

Guji zone is mostly arid and semi-arid.
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The pastoral community of this district has cameldpiction in relative to high land districts of

the zone.

The rainfall pattern of these districts is bimotla major season (Ganna) which extend from
March to May and received 60% of the annual rainthle minor season (Hagayya), which
extend from September and November received 408ec&nnual rainfall. This is similar with
Borana zone rain fall pattern. The mean annual ésatpre range is 24—30(Adi et al, 2003).
Drought is common in these woredas every threevéoylears. The livelihoods of the community
in this area are predominantly dependent on livdsteroduction. They are predominantly

pastoralists.

West Guji Zone: West Guji zone is the newly formed zone of Oromégi@nal State in 2016. It
currently contains 9 districts which were under @@ and East Guji zone of Oromia Region.
Districts in West Guji zone are; Abaya, Gelana,dBldra, DugdaDawa, Melka Soda, Kercha,
Birbirsa Kojoyha, HambalaWamana and Suro Bar GMd&ZAO, 2016). Melka Sodadistrict
was selected for current study because of; theypatential by camel production and pastoral

area as well.

The capital town of the zone is Bule Hora; whicliasaway 467 km from national capital city
of Ethiopia (Addis AbabajThis zone is located lies between latitudes 5°a2@ 5° 52' North
and longitudes 37° 56' and 38° 31' East and atuddtibetween 1500 and 2400 meters above sea
level (Guji Zone land and environment protectioficef, 2017). West Guji zone is divided into
three agro ecology zones, namely the high landgdp84%, mid-highland (woinaDega) 55%
and lowlands (kola) 11%. The rainfall pattern iswbdal i.e. have two distinct rain seasons. The
dry season extends from December to February argbriee extent from June to July. The
highest mean annual average rainfall of the studg avas 1250 mm whereas the lowest mean
average was 600 mm recorded. The lowest mean avéeagperature was 15°C whereas the
highest was 22.8°C recorded. The main crops graemmeize, enset, wheat and barley. These
crops are grown both for consumption and sale.geaff also grown as a cash crop.
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Figure 1. Map of the study areas
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3.2. Framework of the Study

The study was comprised of three interrelated stidictivities which were conducted with the
specific titles namely: First one survey part: Asseent of camel dairy production. The purpose
of this study is to assess the management practicegerms of camel dairy production,
processing, handling, Marketing, utilization, andmagement practice of camel dairy products.
The second study/ activity were focused up on tieese making from camel milk by blending
with cow milk. The purpose of this study is to exate whether camel milk could be processed
into cheese or not, and the efficiencies of camiét blending on milk coagulation and cheese
yields. The last experiment were evaluating thespiochemical properties of milk, cheese and
its sensory attribute that was taken place accgrttirthe international standard of cheese quality
measurement scale, also by allowing the trainecklss to monitor the cheese quality after
process could be completed. Each was required tt s@ecific objectives but all together
intending to give a holistic picture of the overallijective.

3.3. Analysis of Camel Milk Production, Processingnd Marketing System

3.3.1. Sampling procedures

In order to ease the formal research design agditoan overall understanding of the study area,
participatory rapid appraisal (PRA) techniques waed at the start of the study to incorporate
the opinion of key informants on camel dairy pratiut and its management practices that used
to develop the study design. It was undertakenAnoP agricultural offices of the districts, to
identify the sources of lactating camel, availapibf camel milk processing units, the actors
involved in milk processing and milking and theamwhere camel dairy processing consistently
implementing. Based on this information samplegoeslents were selected from who has at

least three camel.

Four Districts namely: Gomole and Yabello (Borammm@), Malka Soda (West Guiji), and Liban
(East Guiji) were selected based on their camellptpa, milk production and socio-economic
attribution for this study using purposive samplprgcedures. From each District, two kebeles
were randomly selected for data collection at tbasehold level. A total of 160 households
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owned camels, 40 from each District were selecwdgusimple random sampling techniques.
The sample size was determined according to thauiar 0.25/ (SE)of Arsham's (2007). A
guestionnaire-based survey was used to collect mzdded for the assessment of camel milk
yield, lactation length, milk processing, marketitgndling (management), and utilization, the
therapeutic role of camel milk, and constraints ahdllenges in camel milk processing. For
camel milk yield data, 10 lactating camel from e&elbele were selected randomly and milk
measurement was taken place from March-May ande8dmr-November and households
estimated values were also taken under considaerdiminimize the variation caused by season
and lactation stages. The questionnaire was admieds by the researcher and enumerators. A
guestionnaires survey was designed for the waydsessing relevant data that was translated
from English to Afan Oromo (local) languages to mdkmore understandable by enumerators

and interviewees.

The questionnaire was pre-tested and adjusted ébé@fofull administration. The content of the
structured questionnaire included household chenatts (age, sex, family size, and
educational background), camel rearing experienodk, production, handling, processing and
general management (milk storage and milking mai®rimilk preservation, and plant used for
vessel smoking. Focus group discussion was made mé&mbers composed of elder men and
women and experienced people in camel milk prodaogctiprocessing, utilization, and
management were selected from each kebele. Tergttd adequate and relevant information,
focus group discussion was made with the experceaod elder person that comprises of 10-15

members from each kebele.

3.3.2. Methods of data collection

In this study, both primary and secondary data veeléected. Primary data was collected by
using formal and informal surveys. To collect prignalata, a structured questionnaire was
prepared. The questionnaires were pre-tested arehded based on the feedback to be
reviewed. During PRA discussion were held with l@mel milk producers, dairy product

processors units and agricultural experts from bgtvernmental and non-governmental

organization. Primary data on camel managemerttipes, camel diary production, handling
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and utilization, dairy processing, fermentation Imoels implementing, the role of milk
processing units in the area, constraints of camkl processing and utilization. The individual
interviews was under taken by researcher and tlagmeimerators who speaks local languages
and knowledgeable about local traditions. Accorbling total of 6 enumerators were recruited,

trained and assigned for the work.

Secondary data were collected from different saireech as government offices, research
institutes available in the Region and non-govemiadeorganizations operating in the area.
Besides, different and relevant published and ulghdxd reports, bulletins and websites were
consulted to generate relevant secondary data meladairy technology. Discussion was held

with relevant experts and other officials to sed#&itonal information.

3.4. Cheese Making From Camel Milk by Blending WithCow Milk

3.4.1. Collection of milk for cheese making

From total selected district Gomole district wakesid by using purposive sampling techniques
based on the availability of lactating camel and ¢or milk collection and accessibility of the
place after the preliminary assessment had beere.nfda@sed on the information, lactating
camels was stratified into early (1-3 months), rdé6 months) and late (above 6 months)
lactation stage, in order to minimize the variatfoncheese quality, production efficiencies, time
of coagulation or clotting and its components) sealiby stage of lactation. Among those
respondents previously considered for survey stadgtal 30 respondents (15 for camel and 15
for cow milk) were selected by using purposive stamgptechniques to involve the respondents
who had lactating camel and cow from the resporsderaviously selected from the two kebeles
of the districts. Then, fresh morning camel and cuik (50liters from each) were collected.
The collected milk was transported to Bule Horavdmsity dairy laboratory by collecting in to
airtight plastic Jerican containers with permamaatkers, where certain analysis and processing
of the cheese was dan8y permanently identifying a sterile container twithree digital
identifiers, the milk was transported into the taker a three-term period. The milk was mixed

according to its level of blending and assigned tréatment.
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The mixed raw milk was used for physic-chemicalpgmbies. Rennet and a cheese starter culture

and calcium chloride (food quality) were used ia study.
3.4.2. Treatments

The experiment had five treatments, i.e., T1, T2, T4 and T5 as shown in Table 3. T1 were
100% camel milk, T2 a mixture of 75% camel milk &%% cow milk, T3 25% camel milk and
75% cow milk, T4 50% camel milk and 50% cow malkd T5, 100% cow milk which were
used as a control. To increase the accuracy ofatdtaned, each treatment were replicated into
three ways. To minimize the errors each treatmest® randomly allocated for replication by
using lottery methods of sampling techniques.

Table 3. Treatment Combinations

Treatments Blend level (%) Amouhibolk (liters)
T1 100% camel milk 5

T2 75% camel milk and 25% cow milk 5

T3 25% camel milk and 75% cow milk 5

T4 50% camel milk and 50% cow milk 5

T5 100% cow milk 5

3.4.3. Cheese processing

Milk in five treatments was exploited for cheeseking or processing at three levels of
replication by following the procedures of Lincoett al, (2009). Fresh camel milk and cow
milk were blended based on the proportion set assigaed to each treatment. The cheese
processing was taken place according to the proeaduigure 2. Finally, the curd formed wa
separated from the whey by filtration and squeemiity cheese cloth to drain off. The coagulum

so obtained were cut, weighed and sampled for &bor Analysis.
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3.5. Physico-Chemical and Sensory Analysis

3.5.1. Physico-chemical analysis of milk

All the milk treatments and the processed cheese aealyzed for total solid, ash, titratable

acidity, pH and specific gravity
3.5.1.1. Total solids

Five grams of milk samples were placed into prediand weighed crucible. The samples were
dried at 108€C in a hot air oven for three hours. The dried sawnplere taken out of the oven and
placed in desiccators to cool to room temperatlinen it was weighed again and total solids
content of milk samples was expressed as percer(Rgbardson, 1985). The total solids

content are calculated using to the following folanu

Total solids (percentage) = (weight of dried sarwpdeght of fresh sample) x 100
3.5.1.2. Fat content

Fat content of milk samples was determined by teeb& method. First 20ml of sulphuric acid
and then 11ml of milk sample was slowly added uhiplicate butyrometer followed by 1ml of

isoamyl alcohol. The contents of the butyrometeas Wihoroughly mixed and centrifuged at 1100
rpm for 5 minutes. Then butyrometer was transfetoed water bath at 85 for 5 minutes and

the percent fat was recorded directly from the treter reading (Richardson, 1985).
3.5.1.3. pH determination

pH of milk samples was measured using digital ptemé&Vell mixed 40ml milk sample was put
into a beaker and the pH was measured by immetsiagoH meter electrode into the milk

sample. A buffer solution of pH 4 and 7 was useddidrate the pH meter Richardson (1985).
3.5.1.4. Titratable acidity

Nine ml of milk sample was pipette into a beaked ahen 3-5 drops of 0.5 percent

phenolphthalein indicator was added into the milken the sample was titrated with 0.1N
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NaOH (UK, 8001321) solution until definite pink oolpersists (O’Connor, 1994). Percent of

lactic acid were calculated as:

ML OF MILE samnie ugeaa

Where 1 ml of 0.1N NaOH would neutralize 0.009deaatic acid.
3.5.1.5. Specific gravity

Specific gravity of the milk samples were deternify a Lactometer (Socientosk. Tokyo). The
specific gravity of milk samples were calculateda@ding to the following formula (O’Conner,
1994).

L
—— + 1 = Specific gravity

Where, L is the lactometer reading.

3.5.2. Physico-chemical properties of cheese
3.5.2.1. Moisture content of cheese

First 5g of cheese sample was placed in crucibte immmersed into hot water at ¥9and
shacked well until creamy consistency is obtainEden it was dried in atmospheric oven
(EDSC, 96H203: England) at 1%@for 24h until constant weight was obtained.

After drying weigh the cheese sample and the cleicithe IUPAC (1979) method was used to

determine the moisture content of cheese.

w—w2
X 100

Moisture Contents of Cheese =

Where, W2 = weight of cheese sample after dryimg{fveight)

W1 = weight of cheese sample before drying (origiveight)
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3.5.2.2. Fat content of Cheese

Fat content of cheese samples were determinedebGénber method. First 10ml of sulphuric
acid and then 11ml of cheese sample was slowlychdde duplicate butyrometer followed by
1ml of isoamyl alcohol. The contents of the butyebens was thoroughly mixed and centrifuged
at 1100 rpm for 5 minutes. Then butyrometer wassfexrred to a water bath at “G5for 5
minutes and the percent fat was recorded directlsn fthe butyrometer reading (Richardson,
1985). Finally, the oil content was calculated as.

weinht of flagk containing oil — weight of
weight of flask contamning ol —w t o

i emntv fiock
g lack g eigh empty flask

N ¥t
A LUy

3.5.2.3. pH of cheese

According to Weckel (1932), 35g of a representaawel well mixed samples of cheese was
taken. It was then be warmed in a water bath &8®G&- The flask was whirled in a centrifuge at

a speed of 60 revolutions per minute, for one neinlihe serum of the cheese was separated out
and placed in a flask. Then the pH of the serummvwaasured using digital pH meter.

3.5.2.4. Acid degree value

Hydrolytic rancidity develops when milk fat has @ndyone lipolysis due to the action of the
enzyme lipase of lipolytic microorganisms. One nue@sof rancidity is measuring the acid
degree value or the level of free fatty acids ia fat component. For determination of acid
degree value, 6g of well mixed cheese samples vgaslded in 50ml ethanol alcohol solution
and titrated with 0.25NNaOH solution in the present phenolphthalein as indicator until faint
pink color persisted. Free fatty acid was deterahiby titration (IUPAC, 1979).After measuring
the free fatty acids, the acid degree value (AD¥swalculated as follows.

(mlNaOH X N NaOH X 282 x 100)

%FFA =
o (1000 x sample weight)

Where 282 is average molecular weight of the fetty facids expressed as oleic acid.
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3.5.2.5. Cheese yield

Cheese yield was calculated as the ratio of magseafheese obtained by the mass of milk used.

It was calculated as:

. o a W it o oT .
Cheese vieid = — — »x 100
- ight of milk

3.5.3. Sensory analysis of cheese

The cheese was obtained, presented to the paneligisee coded replications on flat platters.
Twelve trained panelists comprised of M.Sc studesitdfs from the Department of Animal and

Range Sciences, and local cheese and camel miduowrs evaluated the sensory qualities of
the cheese samples for roughness, surface moisituneess, a taste, adhesiveness, solubility,
saltiness, appearance, and overall acceptancg aseven-point hedonic scale ranging from 7
(the highest score) to 1(Lowest score). Using ther@a established by Hashim (2009), the

panelists were chosen to be between the ages ah@%l0 years old. The descriptive sensory

analysis method used category scaling procedures.
3.6. Statistical Analysis

The statistical analysis tool Statistical Packafj&acial Sciences (SPSS) version 21 was used.
An ANOVA was used to evaluate the main effects dkinlending level, rennet on cheese vyield,
physico-chemical properties of milk and cheese t#iedpanel mean scores of the quantitative
descriptive data for cheese sensory evaluationffierehtiate the significant mean from the rest
of the significant means. Chi-score method was usedcategorical data analysis. For the
evaluation of cheese, a completely randomized desms adopted. The panel means scores of
the quantitative descriptive data for cheese sgnsmraluation. Statistically significant
differences in the results were tested by Fishmosected least significant difference (LSD) test.
The model used for the analysis of cheese vyield.

Yij= pHi +eij,

Where, Y = the yield of cheesg, = overall mean, % the treatment effect (T1, T2, T3, T4 and
T5) of the I" treatment and:; = the random error
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The model 2 used for milk yield per a day

Y= Wt e,
Where, Y=Milk yeild, p = overall mean,% the treatment effect (D1, D2, D3, and D4 ) of the

i treatment and; = the random error
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4. RESULTS
4.1. Socio-economic Characteristics of the Responts

Table 4 displayed the respondents' general backhgeowof the study areas. The majority of
respondents (55%) were women; while as 45% of theme men. With a maximum of eleven
and a minimum of two family members per househtiid, average family size was 5.43. The
majority of the population was represented by #spondents to the interviews, who ranged in
age from 30 to 70 and had an average age of 46.yidausehold camel ownership varies from
one district to another. The Liban district has highest mean value (16.8) of camel ownership
per family that followed by Gomole with a mean walef 15.1 camels (Table 4). The
respondents’ experienced years in raising cametgedafrom 8 to 42 years with, the average of
22.3 years. The camel is regarded as the secondiyproducer in these all the study districts,
because of its remarkable resistance to the repeabeights that exacerbate the paucity of water
and food. However, due to the pastoral and agremscommunities in the country, including
the current study areas, having poor educatiorslst the contemporary method of raising
camels and its dairy products has not yet beeadest

Table 4. Socio-economic characteristics of theardpnts (N=160)

Variables Districts Over all P value
Liban Gomole Yabello M/Soda Range mean
(N=40) (N=40) (N=40) (N=40) (N=160)
Male - - - - 72(45%)
Sex Female - - - - 88(55%)
Age (years) 38.8(6.94) 48.3(8.60) 48.4(8.5@P.6(9.04) 30-70 46.3(9.52) 0.078
FS (N) 5.02(1.90) 4.5(1.50) 5.8(0.76) 6.5(2.9) 2-115.43(2.10) 0.000

COPHH (N) 16.8(8.30) 15.1(5.10) 6.8(2.30) 10.1(3.73-36  12.2(6.66) 0.00
CRE (Years) 16.3(7.11) 23.8(7.38) 22.9(7.425.3(9.33) 8-42  22.3(8.62) 0.014

The figure represents mean and standard error, G3dmel owner per household. M/Soda=
Malka Soda, CRE= camel rearing experiences, FShfasizie,
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According to the figure below about 51.3% of theemmiewed respondents were illiterate,
whereas just 7.6% of those who reached the secpadar higher education levels in the study
areas shared that experience (Figure 3). Due to plastoral lifestyle and the absence of a
suitable facility, they are more heavily involvead livestock keeping activities now than they
were before to beginning their studies. So lackdifcation has made the communities does not
use the advantages of using advanced camel ted@mifucamel milk production, processing

and utilization.
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Figure. 3. Education status of the respondents

4.2. Trends of Camel Population in the Study Distats

Figure 4 shows that the camel population numberbessn becoming increase from the years
range 2009-2013. This might be due to the high lméipacamel in withstanding patterns of

frequently occurrences of drought and fluctuatidrth@ agro-ecological condition in the area
which result in increamentation of desert that bagn danger for other livestock species

compared to camel. Also the respondents saidctratl is better fit with harsh environmental
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condition under which they resides compared tdesdtir that cause why the numbers of camel
became increase after the adverse condition of,28@8 cause for the loose of huge numbers of
cattle on time being in the study area. Camel Ines ability to withstand harsh climatic
conditions with the ability to cope with shortagenater and feed during prolonged dry seasons.
Despite these adverse conditions, camels havebitigy 8o supply pastoral households with milk
during such periodsThis ability the camel has help it to survive untiarsh environmental
condition that create a good opportunities made démel population could be enhance in
number and production performances. Under prolomygdseason and drought conditions, the
productivity and performance of most animals agmificantly affected by the lack of water and
feed resourcesMost of the time, cattle are most adversely afféctempared to camels,

although cattle are the main livestock specieténstudy area

The respondents were said that camel is the drdi@iay animal of the study areas. The figure
below clearly put the trends of camel populatioartsig from 2009-2013 years is becoming
increase, might be due to the point declared abovaddition to the interest the pastoral
communities have to keep camel as the main sowfcaslk. The fact the respondent ensured
that camel could be able to leave for a long periofdtime without drinking water which makes

them to live under marginalized area, even the coaydd not be produced well.

During focal group discussion, ideas raised thatewthe anatomical feature like length of the
legs, flat of foot and others could help the caneelive in the area with a little challenges
comparatively. The ability to consuming the thopigint species like acacia, herbaceous, shrubs
and other desert plants that would not be consusmiaplanother livestock species due to its
natural characteristics. In addition to that make iacceptable dairy animals in the study area is
its ability to travel long distances to drink waserd browse, also they can compromise the water
lost in the time of scarcity. Even though the d¢alitst of the camel has been appreciated
approached, that the frequently seen drought iratea were the one that be taste the camel to
deliver the desired levels of products, particyianl dry periods of the year might be due to the

daily journey they make to access the feed andnastéhe respondents were revealed.
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Figure 4. Trends of camel population in the study eas

4.3. Lactation and Reproductive Performances of Cael in the study Areas.

An average camel lactation length of Gomole, MaB@ada, Liban, and Yabello were 12.65,
11.80, 16.20 and 10.80, respective. While the aeetangth of the four districts were 12.86
months (Table 5). As compared to other districtanilwas scored the longest lactation length.
This might be due to the ever green of the areasoagpared to otherd he average milk
production per a day was 8.9, 6.97, 7.05 and 7t@#slin Gomole, Malka Soda, Liban and
Yabello respectively. The overall mean values dkmproduction for the four districts were
7.71L/d. Milk yield is significantly (P<0.05) défence between each districts of the study areas.
Two to four times a day was typical for camel mmllgj while three times milking is more
frequently done than other methods. The majorityhef respondents were reported that they
milk three times per a day in the range of 2 tor fiimnes of milking. Camels can milk in the
early morning Baraaqg, middle of the dayBobbag, early eveningGalchumg, and evening
(Galgala) during the winter when water and feed resourcesahundant (Table 5). According to
the report of the respondents, camel calving iateranged from 12-68 months, whereas the

longest one was observed in Malka Soda (Table 5).

35



Table.5. Milk yield, lactation length, and cavingedrval of camel in Districts,

Variables Districts Range @ik
Gomole Malk Soda Liban Yabello mean
N=40 N=40 N=40 N=40
MeanzSD MeanzSD MeanzSD MeanzSD
LL (M) 12.65+2.43 11.80+2.58 16.20+5.0.86 10.80+2.4% 6-24 12.86
Cl (M) 25.45+3.53° 30.10:6.58 28.50+3.96° 24.60+.95 12-68  27.16
MF(T) 2 45+5§  250+5f 3.10£058 2324047 24 2.60

MYPD (L)  g90+2.3%8 6.9741.39 7.05+1.28  7.94+257p 413 771

M=months, T=time, L=liter, LL=lactation length, Gialving interval, MF=milking frequency,
MYPD=milking yield per a day

4.4. Preservation and Processing Methods of Camelild

In the area, methods for preserving camel milkudel washing and smoking milk storage
containers, storing milk in a cold environment,oaling milk to ferment and turn sour and
boiling milk. According to the results, keeping knih a cold location by the house and under
trees close to the homestead (78.75%) and waskmdgmoking vessels (100%) are the two
methods of preservation that are most frequentgdus the area, while about 27.5% of the
interviewed respondents have used boiling as metfiochilk preservation (Table 3). As they
ferment camel milk to create sour milk known @suuchege nearly all of the respondents
(94.38%) agreed thatBy adopting a traditional method, such as loadeg camel milk on a
camel back while traveling and using a heated wadtdee Smocky Quaryzocally referred to as
"chabbii" camel milk was processed into butter to a milemel (10.0%). To speed up the
fermentation, about 15.0% of responders mix camé mith cow or goat milk, but none of
them may be attempting to turn it into cheese (@ab). By providing a pleasant sensory
experience, milk and milk products kept in a canlieEonment can boost a user's acceptance and
desire to drink. This locally used method of cammék cooling predominates in the research
locations, which is likely a result of a lack offrastructure for electric services and other

community-related services associated to commulsiyersal.
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Table 6. Preservation and processing of camel ¢NitkL60)

Preservation Methods Categories Districts Overall

Gomole M/soda Liban Yabello (N=160)
(N=40) (N=40) (N=40) (N=40)

Washing and Smoking Yes 40(100) 40(100) 40(100) 40(100) 160(100)
Vessels No - - - - -
Keeping in Cold area Yes 29(72.5) 35(87.5) 33(82.5) 29(72.5) 126(78.75)
No 11(27.5) 5(12.5) 7(17.5) 11(27.5) 34(21.25)
Boiling Yes 11(35) 18(52.5) 13(400 12(37.5) 44(27.5)
No 29(72.5) 22(55.0) 27(67.5) 28(70.0) 116(72.5)
Camel milk Processing
Chuuchedsour milk)  Yes 36(90) 37(92.5) 38(95) 40(100) 151(94.38)
No 4(10) 3(7.5) 2(5) 0 9(5.63)
Butter Yes 4(10) 4(10) 5(17.5) 3(22.5) 16(10.00)
Cheese Yes - - - - -
No 40(100) 40(100) 40(100) 40 160(100)
Blending Yes 9(22.5) 4(10) 6(12.5) 5(27.5) 24(15.00)
No 31(77.5) 36(90) 34(85.0) 35(85.5) 136(85.00)

“Notice (-) =No body said yes or no, the figure in tleemthesis represent percentages

4.5. The Vessels used for Milking and Storage

Locally known as Sorora, Gorfa/Cico , Okole , amakpc jug , these distinctive camel milking
and storing jars have been utilized by pastoral agritultural communities in Borena and Guiji
(Figure, 5). Each milk vessel might be fumigatethva smoking plant prior to usage for two to
five minutes, the source said in answer. Since amgokessels have anti-microbial effects and
are used to extend milk's shelf life. In additian keing used for milk preservation, it also
enhances the flavor and aroma of milk (communictidlso, it is providing anti-microbial,
appealing flavor, and food additives, the substagogted by specific smoking plant species
could be exploited as a source of antibiotics forsumers.
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Figure 5. Camel milking and milk storage vessels

4.6. Plant Used for Smoking

In order to produce milk with good flavor and scenthe research area's pastoralist and agro-
pastoralist communities, milking and storage vespedcticed smoking by using different plants.
This used increase customer acceptability of thedymt. Olea Africana (Ejersa), Rhus
abyssinica(Xaaxxessa), anécacia brevispicaHammaressa) are ranked from one to three in
order of importance’s the most often used plarntha study area (Table 4). When the primary
smoking plant is not nearby, there is yet anothemety that is infrequently utilized. They
reported the steam is the most crucial part usedrfoking. This is because it is appropriate to
prevent the lingering effects of tiny plant fragrteem the milk; as a result, it can continue to be
appealing with nice flavor and scent. In accordanié this finding, the primary justification
given by homes for smoking dairy production equipts to enhance the flavor and shelf life of
milk products who revealed that smoking milking atdrage equipment can be highly accepted

by the consumer than milk handled in the non-smakedsil.
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Table 7. A plant used for the smoking of milk végéemostly used, 4=occasionally used)

Types of the plant used for smoking Rank meaneslu Ranks
Local name Scientific Name

Ejersa Olea Africana 1.25 (0.046) 1
Hammaressa  Acacia brevispica 2.14 (0.062) 3
Xaaxxessaa Rhus abyssinica 1.56 (0.051) 2
Birreessa Terminalia brownie 2.56 (0.063) 5
Dansee Faurea speciosa 2.45(0.042) 4

The Figure Represents rank mean and standard error

4.7. The Shelf Life of Camel Milk

The result of the study were revealed that camét oould be stay for 24-72hours (43.75%)
without any changes while as, a tiny bit of a staste can linger in camel milk for 4-5 days
(28.3%). This might occur if the milk is pure camalk without any additives and is stored in a
cold environment. Also, some respondents repotiatifermented camel milk can be stored for
5 to 7 days (6.25%) during the winter with a plesagaoduct odor (Figure 6). According to the
current assessment camel milk has a longer sieltian other milk kinds because it naturally
possesses anti-microbial, protective protein, ghdreessential features.
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Figure 6. Shelf life camel milk including sour milk

4.8. Camel Milk Handling and Utilization

The majority of the respondents (69.38) in the ptacka were practiced smoking storage and
milking vessels before milking. However, the Libdistrict is where it is most prevalent (90).
About 65 and 67.5% of the respondents in the Gorante Malka soda districts, respectively,
reported that they practicing hand and udder wasiWhile the others started milking untreated
right after the calf had finished nursing. Cameis frequently milked as a herd (65%), while
only (46.25%) were milked on their own. Borana d&Bdji pastoralists use camel milk in a
variety of ways, including fresh raw milk, tea, atttuucheeln this group, around 77.5% of the
respondents reported as they preferred drinking wdale 55.5-66.25% of them preferred

drinking chuuchegfermented camel milk). Unlike the milk and milkoplucts of other animal
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species, camel milk is typically consumed untreated undisturbed in the areas. On the other
hand, user in the districts they preferred the tpwously fermented camel milk known as

Chuuchedor consumption (Table 8).

Table. 8. Camel milk handling and preferences

Activities Categories Districts Over all
Gomole M/soda Liban Yabello (N=160)
(N=40) (N=40) (N=40) (N=40)

Washing hand Yes 26 (65) 27(67.5) 24(60) 22(55) 99(61.88)

and udder

Smoking Yes 24(60) 27(67.5) 36(90) 24(60) 111(69.38)

milking vessel

Separating Yes 25(62.5) 18(45) 17(42.5) 14(35) 74(46.25)

lactating

camel apart

Keeping with  Yes 23(57.5) 36(90) 26(65) 19(47.5) 104(65)

herds

Preferences of the respondents

Raw milk Yes 2767.5)  24(60) 31(77.5) 24(60) 106(66.25)

drinking

Use as tea Yes 31(77.5) 27(67.5) 31(77.5) 35(87.5) 124(77.5)

Drinkinngas Yes 21(52.5 22(55) 21(52.5) 24(60) 88(55)

sour milk

(chuucheg

Figure inside of parenthesis represent percentage

4.9. Camel Herd Composition.

Production of milk, transport, and meat are thermmaasons for keeping camels are managed in
the study area. In these areas, camel milk is peefe¢o meat as a food source. It is a colossal
activity in the districts to organize camel herdsading to their role in rearing, age, sex, and
other management circumstances. Because of tlasméjority of the herd was made up of
reproductive female camels (62.5%), young fem&@&s3(75%), young males (9.375%), and only
little bulls (6.25%) (Figure 7). The more produetifemale camel in the area could be chosen in

the conventional manner and kept in the herds. Alieg to the selection criteria like the length
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of the leg, tail, good appearance and triangulapstof camel female camels might be divided
into two typesKorti (more productive) anGelleba(less productive).

Structures of Camel
Herds

[} Reproductive Females
E sun

| “oung Male

M v oung Female

Figure. 7. Structures of camels herds in the area

4.10. Feeding, Watering, and Housing System

Camel feeding is influenced by the local climatd amount of rainfall. With some supplemental
feeding techniques of minerals (51.3%), free-ragigzing and browsing make up the majority
of the diet (78.8%) Table (9). The primary feed rses in the research areas include grass,
bushes, and trees for browsing. The three mostfisignt plants that camels like to browse are
Acacia brevispicaOpunta ficus indicaandDichrostachys ciniareaall of which are currently
present in the research locatiofhe minerals that are most frequently used in teticks are
black salt Mlagadog and white salt Bookg. It has been provided as a supplement to the
morning feed once to twice a week. This mineral meysed to fatten camels and make up for
mineral deficiencies that occur during dry seasonthe years supported by the study. In a
minor way, straw (Digirti) is utilized as additidnéeed in some locations in addition to
supplementing with tree leaves when there are $bedtages. In the research locations, camels
that are pregnant or ill are the main herds thareslextra feeding. Due to camels’ ability to

conserve water, roughly 69.4%, 55.0%, and 36.3%espondents agreed that camels are
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typically watered twice a month, once a week, andeca day, respectively. Wells, ponds, and
rivers are the main water sources for camels iratea. Young males are responsible for water
consumption under the supervision of elder peopleoth sexes during the dry season, when an

artificially constructed deep well known Belais frequently used

Table 9. Feeding, Housing, and watering managenfezgmel

Variables Categories Overall values N (%)
Feeding Free Ranging only Yes 126(78.8)
Free Ranging +supplementation Yes 8351
No barn Yes 26(11.2)
Housing Fenced(Moonaa) Yes 142(88.80
Once per a day Yes 58(36.3)
Watering Once per a week Yes 88(55.0)
Twice per Month Yes 111(69.4)

Figure in parenthesis represent percentage

About 88.80% of those surveyed could confirm thature camels were kept in herds during the
day on shared grazing rangeland and at night iditivaal Kraals (Moonaa) built around
homesteads or dwellings to protect them from predatnd thieves (Figure 8), while 11.2% of
them were kept in the side of the man house. Tp keem apart from other camel herds, calves
are kept in a small enclosure composed of thormshési and wood. To protect their camels from
some predators, nearly all camel breeders kept #mmals in the traditional kraal, which is

built of thorny plants.
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Figure 8. Kraal/Moonaa/

4.5. Transportation and Marketing of Camel DairgdrRicts

Along with food, camel milk serves as the econoerigine for the pastoral and agro-pastoral in
the study areas. Comparable to cow milk, camel @alik be sold for enough money to pay for
the family's costs (90.63%). However, 9.63% of theaaimed that they had only utilized it for
domestic consumption and had fermented the millofter it to esteemed foreigners. The
majority of respondents (83.13%) stated that camiét may be supplied to middlemen with
little left over to sell to local consumers and gd@t lower costs. This is due to disorganized
milk marketing websites that connect producers @nmsumers in the area with places to live.
They responded that they lost milk at cheap praesime since there was no milk marketing
unit or shade in the town close to where they ljwelich was a marketing issue. Although there
is a significant demand for camel milk in pastoaald agro-pastoral regions of the country,
including the research areas, camel milk markeisdimited by price volatility, cooling
facilities, and a well-organized transportation andrketing system. In order to decrease the
degradation of raw milk since the cooling facilisya major issue in the areas, the marketing life

of the milk has been extended by fumigating th&mantainers or carrying kits.

In general, the marketing of dairy products wadugriced by transportation problems like
insufficient transportation services, traveling eirfon time) due to high population, and sharing
common public transport with humans in the studgaar According their respond on foot
transportation is the predominant way of camel midlnsporting in the areas. The households
identify Yabello, Bule Hora, Moyale, and Negele &aa town as the district's terminal feeder

town. For terminal users, camel milk is mostly diggpby Surupa and Malka Soda Town.
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Table 10. Camel milk and milk products marketing

Variables Categories Districts Over all
Gomole M/soda Liban Yebello
(N=40) (N=40) (N=40) (N=40)
Sale raw milk Yes 34(85) 37(92.5B9(97.5) 35(87.5) 145(90.63)
ChuuchedSour Milk)  No - - - - 100
Butter No - - - - 100
To whom the milk is sold?
Costumer Yes 10(25)  11(27.53(7.5) 14(35) 38(23.75)
Middle Trader Yes 32(80) 33(82.5B7(92.5) 31(77.5) 133(83.13)
Retailer Yes 17(42.5)21(52.5) 4(10) 18(45) 60(37.5)
Hotel/cafteria Yes 16(40) 9(22.5) 4(10) 9(22.5) ZBB(5)

The figure in parenthesis represents percentoppdy said yes
4.12. The Role of Camel Milk in Human Health

Camel milk naturally possesses antimicrobial gigaithat protect people from bacteria that
spread disease. In the specifically study aredmtif Guji and Borena zones used camel milk to
treat diarrhea, constipation, malaria, heart comast and uterine construction. About 73.1% of
them believed that camel milk can be used to tmeglaria, which is the most common disease
with regard to constipation and strength (67.5%ls0Athey reported that, camel milk can
enhance the skin's softness and smoothness gslalltiee respondents reported that, camels
browse on a variety of plant species, and activapmunds with therapeutic properties from
these plant species are released into the milkactordance with the study report of, rough
boiling of camel milk can effectively protect theatnt from serious cough problems in
respiration movement and other respiratory dise@®6%) (Table 11), while diarrhea (45.6%)
and heart diseases (21.9) are the other diseafieseeto be treated with camel milk in a
limited manner in the study areas. In addition, ibgpondents reported that consuming camel
milk does not cause one to gain weight but rathakes one stronger. This most likely goes hand

in hand with the natural phenomenon of camel fegpdimd feed type
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Table 11. Therapeutic use of camel milk (the higpescentage is rank first) (N=160)

Diseases Types Number and proportion(%gsponses Ranks
Constipation 109(68.1) 2
Diarrhea 73(45.6) 6
Malaria 117(73.1) 1
Heart Diseases 35(21.9) 7
Respiratory diseases 97(60.6)

Women uterus contracts 16%p 4
Strengthen 108(67.5) 3
Skin smoothness 71(44.4) 8

N= numbers of respondents/householbers

4.13. Challenges in Camel Milk Production, Processg and Marketing

In many regions of the country, including the studseas, camel milk processing has
traditionally been thought to be impossible or passible under natural circumstances, with the
exception of turning it into fermented (sour) milkth a small amount of butter but no cheese.
However, the most significant obstacle in the aurresearch, which shared the top spot on all
lists, was the lack of understanding regarding damkk processing practices (Table 9). Lack of
milk processing facilities, a lack of interest metprocedure, and a refusal to consume are the
issues that rank second, third, and fourth, regspygt About 89.3% of those who responded to
the survey reported that the primary obstacle tfitprg from their production is the lack of
organized camel milk selling channels. Other difies faced by camel herders in the research
locations include the growth of encroaching busie, yearly loss of feed pasture and browse
plants owing to repeated drought, issues with frariation services to get the products to the
needed markets, and unidentified camel diseases.iffoastructure like far away from the main
road, transportation system, communication netwaweter and School inaccessibility were also

the other challenges in camel milk production.
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Table 12. Challenges in camel milk processing aill marketing (1=less challenge, 4=highly

challenge)
Processing Challenge Districts Overall Ranks
Mean+SD mean
Gomole M/soda Liban Yabello
Lack of awareness 3.48+0.72 3.65+0.30 3.90+0.608£0.97 3.52 1

Lack of processing unit 3.33x0.47 3.42+0.50 3.4890. 3.32+0.47 3.38 2
Less interest to process 2.93+0.85 2.45+0.41 2.33t02.10+0.75 2.42 3

Camel milk Marketing Challenges

™™ 2.65+0.48 3.30+0.46 3.70+0.46 3.33+0.47 3.24
Poor infrastructure 3.35+0.662.88+0.88 3.10+0.70 2.10%0.77 2.85
Lack of cooling facility 2.85+0.692.95+0.74 3.25+0.63 3.30+0.64 3.09

[ CS RN S S \)

No organized market link 3.48+0.648.80+0.40 3.87+0.33 3.15+0.92 3.57

Notice: ITM=inadequate transport means

4.14 Cheese Making From Camel Milk by Blending It with Cow Milk

4.14.1. Chemical composition of milk used to makeeSe

According to the chemical composition data, cowknhidd higher total solid, solid not fat, TA,

fat, CP, lactose, and specific gravity than canma their blends, with the exception of ash
content (Table 13). Camel milk had a consideraBly0.05) greater ash value than cow milk,
whereas the CP values of the three treatments T32,and T3) did not differ significantly

(P>0.05).
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Table .13. Physicochemical composition of raw nufkcamels, cow and their blends used for

cheese making

Variable Treatments (MeanzSD)

T1 T2 T3 T4 T5
TS (%) 11.537+#0.174 11.55+0.11  13.77#0.17 12.82+0.186  14.23+0.38
Ph 6.210+0.35  6.363+.3%" 6.727+.05%°  6.393+0.28°  6.727+0.0%
TA(%) 0.1435+0.6  0.1465+0.02 0.172+0.1® 0.1685+0.30  0.1725+0.02

Fat (%) 3.61+0.14  3.72+0.18 4.18+0.1¢  4.07+0.87 4.520+0.36
Protein (%) 3.195+0.78 3.220+0.2 3.350+0.18 3.265+0.20  3.353+0.16
Lactose(%) 4.077+0.857 6.579+0.38  3.350+0.18" 5.767+0.8%  4.3347+0.75%
SNF (%)  8.05+0.10  7.85+0.17 9.65+0.17  8.82+0.16 9.78+0.38
SG 1.027+0.01 1.032+0.08° 1.037+0.02 1.038%0.09  1.039+0.08
Ash (%) 0.774+0.06  0.7384+0.08  0.728+0.04 0.7351+0.04 0.690+0.19

Note: Means within different subscripts in the radiffer significantly (P<0.05), T1=100% camel milk,
T2=75%camel milk and 25%cow milk, T3=25%camel makd 75%cow milk , T4=50%camel milk and 50%cow
milk, T5=100% cow milk , SD= standard deviation.

4.6.1.2. Milk Coagulation and cheese yield

The results revealed significant variations (PO.06jhe mean values of the coagulation and
setting times across the study's five treatmenébl€l' 14). For both categories, the sample with
the purest and highest percentage of camel milk toager. Contrarily, pure cow milk had

much lower levels of coagulation and setting tifike findings showed that milk coagulation

and setting times decreased as cow milk percemtsge(Table, 14). The PH value, however, did
not indicate a significant difference (P>0.05). Shnheans the PH of treatments was not
significantly affected by the effects of variousye and cow milk samples. The cheese yield
created from cow milk had higher values, howeveatinent one's (T1) cheese values were
noticeably lower than those of the other samplé® Gheese output in T3 and T4 had greater
values than the other milk samples because it Ingltehpercentages of cow milk (Table, 14).

Whereas, the significant difference (P>0.05), betw&l and T2 was not observed.
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Table. 14. Cheese yield and coagulation efficiesfayamel milk and it blend

Variables Treatments (Me&D}

T1 T2 T3 T4 T5
CT(M) 69.00+1.06 60.67+3.79 26.67+2.08 51.67+2.9  19.00+1.00
ST(M) 1160.045.8% 96.33+5.85 32.83+0.29 65.00+5.00 31.67+0.58
pH 4.79+0.43 4.73+0.18 457+ 0.18 4.74+0.8 5.07+0.68

Y (g/100g Milk)  17.96+0.28  18.50+2.18  19.70+0.2% 21.18+1.28  24.70+0.48

Note Means within different subscripts in the row diffeignificantly (P<0.05),CT=coagulation time,
ST=setting time, Y=yield, T1=100% camel milk, T2%%8&amel milk and 25%cow milk, T3=25%camel
milk and 75%cow milk, T4=50%camel milk and 50%cowlkinT5=100% cow milk, SD= standard
deviation, Min=minutes, L=liter

4.6.3. Camel milk cheese's chemical makeup whehinechwith cow milk

Table 15 present the physicochemical charactesisticheese prepared from camel milk and a
combination of cow milk. In contrast to the ash andisture percentages of the cheese, the
protein, fat, and total solids of the analyzed cleegre raised with higher level cow milk. From
T1 to T3, the ash and moisture content levels wet&Eeably (P<0.05) increased. According to
this research, treatment four, which contains 50tmel milk and 50% cow milk, had the
greatest value for fat content. While the sampld@% camel milk had cheese with a much
reduced fat level.

Table. 15. Physicochemical composition of a cheesge from cow and camel with its blend

Treatments Components

Protein (%) Fat (%) TS (%) Ash (%) Moisture (%)
T1 14.89+.13 17.60+1.00  40.23+6.985  2.59+0.08 59.79+1.06
T2 15.85+.14 19.12+0.5%  46.89+1.87 2.39+0.068° 53.13+6.98
T3 16.17+0.0% 20.66+0.9 45.79+0.38 2.49+0.0%° 54.20+1.84
T4 16.12+0.03  20.60+0.16 48.36+2.08 2.32+0.08° 51.63+2.08
T5 22.69+0.33 21.78+0.19 57.85+1.2F7 2.26+0.09 42.15+1.27

Means within different subscripts in the row diffégnificantly (P<0.05)T S= total solid, T1=100%camel,
T2=75%camel milk and 25%cow milk, T3= 25% camelk+i¥5%cow milk, T4=50%camel
milk +50%cow milk, T5=100% cow milk
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4.6.4. Cheese sensory assessment

Table 16 displays the sensory characteristics afesese made with various ratios of a blend of
camel and cow milk. The cheese prepared from panmeet milk scored higher than others in
terms of roughness, surface moisture, hardnesgsadimess, and saltiness, while the cheese
made from pure cow milk scored lowest (Table 1&)nt€ary to popular belief, pure cow milk
cheese received good marks for its flavors, satybilooks, and general acceptance. A 25%
addition of cow milk to camel milk did not, almastiversally, result in a significant difference
(P<0.05), while 50% and 75% additions had a sulbistaimpact on the cheese's physical
characteristics. Compared to other samples of ilxethe cheese made from 50% cow milk was
more widely accepted (Table 16), while the cheeselenfrom 75% cow milk had a good
appearance. The greater quantity of cow milk cheeag have been preferred over the lower
percentage due to its tasty texture. Pure camdd chiéese may have a more pronounced salty

feel than other samples due to the camel milkisisaflavor.

Table.16. Sensory Attributes of Cheese. (1=low&shjghest score)

Variables Trmant (Mean £SD)
T1 T2 T3 T4 T5

Roughness(F) 5.67 +0.76  4.50+.0.87¢ 3.67+0.29° 3.35+0.28" 2.37+0.32
SM(F) 6.13+0.23'  5.17+0.28" 4.50+0.56° 3.87+0.38  3.00 +0.50
Tastes(M) 253+0.18 2.13+0.18 3.27+0.30 4.47 +.0.28 5.73+0..28
Firmness(mo)  6.17+0.16 5.50+0.3§  5.10+0.17  4.60+0.3C  4.70+0.16

Adhesiveness  5.93 +1.00 5.23+0.38° 3.93+0.64 5.00°+0.57 3.87 +0.8%

(M)

Solubility(M) 2.30+0.30 2.80+0.100 4.63+0.18 3.57+0.40 557 +0.26
Saltiness 5.83+0.58 5.27+0.08  3.27+0.41 4.40+0.38  3.43+.0.25
Appearance 3.53+0.30 4.20+0.20 5.17+0.1% 4.27+0.26  5.30+0.1C
Acceptance 3.30+0.17 420+0.65 5.13+1.07  5.47+0.47  6.80+0.44

Means within different subscripts in the row dif@gnificantly (P<0.05)Values are in the mean of triplicate
data xstander deviation (SD) of the mean. F=finfgrmouth T1=100%camel, T2=75%camel
milk and 25%cow milk, T3= 25% camel milk +75%cowlkniT4=50%camel milk +50%cow
milk, T5=100% cow milk. SM=surface moisture
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5. DISCUSSION

5.1. Socio-economic Characteristics of the Responts

In the study areas the women have been playedad igrie in camel milk production, handling
and overall management than men, so they heldigfethpercentage in this study. The family
members of the interviewed respondent were rarage fwo to eleven, whereas, the majority of
them were had more than five family sizes. Thel to&an household sizes reported by Befekadu
et al., (2018) in similar areas were slightly comparaloldéite average family sizes observed in
this study. Most of sampled respondents were éfdage with a long camel rearing experiences.
This implies that the camel herds have been helthéyerson whose, go in age than the youth
one. Household camel ownership varies from onkictito the next. The Liban district has the
highest mean value of camel ownership per familysTnight be due to the favorability of the
area for camel rearing and high community inteiaskeeping camel than other livestock
species. Gomole is the second district in whichléinge camel population has kept, owning to
the conducive camel managing environment, more rexpeed in camel milk production,
utilization and marketing as compared to othersee Tamel is regarded as the secondary milk
producer in these regions because of its remarkagsistance to the repeated droughts that
exacerbate the paucity of water and food. Howedee to the pastoral and agro-pastoral
communities in the country, including the curretnidy areas, having poor educational status, the

contemporary method of raising camels and its daioglucts has not yet been tested

5.2. Lactation and Reproductive performances of Cas.

Camel lactation length were varies from districtdistrict in the study areas. The longest
lactation period in month was recorded d in Libaistiict as compared to others. The feed
availability and good management practices mightheereason of variation saw between the
districts. Therefore, the values saw in Liban distvere the indicator this one. According to the
report of Simenewet al(2013b), and Abdelgadet al(2013) the management practices has a
great contribution in lengthen of the lactationipéy that is in line with the current report.
However, the present lactation length was highponted byMutairi et al.(2010). Particularly,

this problem has been seen in Yabello and MalkaaSistricts. The overall mean values of the
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current finding is in line with (Musaasdt al, 2013), who reported that the average lactation

length of camel is 12.5 months.

The highest daily camel milk production was obsdrivreGomole district, while the lowest one
was in Malka Soda. However, the overall mean vabfewilk production for the four districts
are comparable to Simenawal( 2013), with the finding of camel milk yield ramdgrom 6.00-
9.90L/d. This might be a result of the districtezied feed resources that were accessible during
lactation times. Three times of milking per daynglemented, as opposed to the responses of
those who have adopted four or two times of milkimpich is consistent with the conclusion
reached by Gebremichaet al(2019). The fluctuation of environmental conditibad a great
impact on camel daily milking time that correlatib@ availability of the feed. However, it was
difficult to estimate the exact lactation lengttdataily milk yield of the camels under pastoralist
conditions, because milk variability is subjectntdking practices, breed, season, feeding, stage
of lactation, calf survival and household milk demigNega and Tefera, 2012VNinter is the

period in which lactating camel is milking four @% per a day in all districts of the study area.
5.3. Preservation and Processing Methods of Camelild

Lack of standardized camel milk processing andgmsg facility in the areas, had made the
communities to used different option to keep satleeir products. Washing and smoking
storage containers, storing milk in a cold enviremty allowing milk to ferment and turn sour
and boiling milk is the one practiced in area. Doiehe hot environmental characteristic of the
study area keeping milk in cold area has commoenbimplemented in four districts of the
study. This result is in line with Yeserat al (2020a), who found that milk producers in the
vicinity of Hawassa and Yirgalem were chilling theiilk by storing it in a cold environment.
By providing a pleasant sensory experience, milk mailk products kept in a cool environment
can boost a user's acceptance and desire to dyswsk, (2007b) and Beked¢ al(2021). This
locally used method of camel milk cooling predontésain the research locations, which is
likely a result of a lack of infrastructure for elec services and other community-related
services associated to community dispersal. Almnatistespondents in the study area reported
that smoking of milking vessels after washing haen believed that, it used keep the milk for

certain time without any physical and odor chariges result is agreed with Beked¢ al. (2015)
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who reported all the respondents practice waslhiagrtilk utensils used for milking, storing and
processing of milk in Dangila town distridh all districts of the study small percentagesheaf
communities were used milk boiling for preservatiovhile the majority of them have not

applied.

Milk processing is the other way of preserving dagy product. The ferment camel milk locally
known aschuucheegis used as processed product, that agreed vathefiort of (Birhanet al,
2021). By adopting a traditional method, such as loadiayy camel milk on a camel while
traveling and using a heated white sto8en¢cky Quar)zlocally referred to aschabii," camel
milk was processed into butter to a minor level.speed up the fermentation, soured cow and
goat milk was used, which supported with the repbBenkerrounet al, 2011), who revealed

that, as starting culture for raw camel milk, fmlmilk from other species can be used..
5.4. Vessels used for Milking and Storage

The respondents selected for the current study tieedistinctive camel milking, processing and
storage vessels. As they reported Sorara and @otfll be used for storage and processing,
while Okkole that made from skin and plastic jugdidor milking. Each milk vessel can be
fumigated with a smoking plant prior to usage f@otto five minutes. Since smoking vessels
have anti-microbial effects and are used to extaiilkis shelf life. In addition to being used for
milk preservation, it also enhances the flavor anama of milk. Also, it is providing anti-
microbial, appealing flavor, and food additivess Substance emitted by specific smoking plant
species could be exploited as a source of antdsidor consumers ((Eyassu, 2007b) and (Al-
Manhel and Niamah, 2015). Additionally, it has bekscovered in vitro that plant metabolites

such as tannins, flavonoids, and alkaloids havibacterial effects (Dahanukat al, 2000).

4.5. Plant Used for Smoking

In order to produce milk with good flavor and scenthe research area's pastoralist and agro-
pastoralist communities, milking and storage vessan be smoked using locally accessible
plants. This could increase customer acceptahbilitthe product. The major plant used for

vessels smoking used in all district of the staty Olea Africana(Ejersa),Rhus abyssinica
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(Xaaxxessa), and\cacia brevispica(Hammaressa). When the primary smoking plant is no
nearby, there is yet another variety that is infiesgly utilized. They acknowledged that the
steam is the most crucial component of the treg #raployed. As they revealed the most
important part of the tree they used is steam. Ehlsecause it is an appropriate to prevent the
lingering effects of tiny plant fragments in thelknias a result, it can continue to be appealing
with nice flavor and scent. This result was comsisivith the results of(Yesera al., 2020b),
which found that milk handled with smoked utensiss less likely to be accepted by
consumers. In accordance with this finding, thempry justification given by homes for
smoking dairy production equipment is to enhaneeftdvor and shelf life of milk products who
revealed that smoking milking and storage equipneant be highly accepted by the consumer
than milk handled in the non-smoked utensil. Ire limith this result, the major reason outlined
by the households for smoking dairy production pment is to improve the taste or flavor of
the milk products and to increase the shelf lifel@dse, 2013)

5.6. The Shelf Life of Camel Milk

As the interviewed respondent said that camel coldld able to keep long periods of time than
the milk of bovine. This can be happened when thie isikept purely. According to their report
the fresh camel milk can be stored for 3-4 daysckvis agreed with Nimesh Khakharjy@019)
who, reported thathe shelf life of Amul fresh camel milk was just falays Contrary, Birhaneet

al, (2021) reported that camel milk can be storedtfioee days. The current result was also
consistent with that of Muthukumarat al (2022), who showed that camel milk may be stored
for 18 to 20 hours without changing and for fouyslashen kept in the refrigerator. Contrarily, it
was noted in certain publications that camel mdkld have a two-day shelf life (Bekedeal,
2021). As the report in this study indicated tbamel milk has a longer shelf life than other
milk kinds because it naturally possesses antigbiat, protective protein, and other essential

features.

5.7. Camel milk Handling and Utilization

Camel milk could be handled and utilized in simiaanner in all study areas. However, in liban
district smoking milking and storage vessel befatdizing commonly practiced than other.
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Hand and udder washing is the little practices lidstricts of the study. While the others
started milking untreated right after the calf Hekshed nursing. Camels are frequently milked

as a herd, while only small were milked on theimow

In the Study areas camel milk is used in a vargdtyays, including fresh raw milk, tea, and
chuuchee Most of the respondents were reported that, tamik tea is more preferable than
chuucheenext to raw milk drinking. Unlike the milk and rkiproducts of other animal species,
camel milk is typically consumed untreated and stuilbed.This study's findings concur with
those of other studies (Eyassu, 2007a) and (Beedé, 2021),which found that most camel-
rearing societies eat fresh camel milk. The reseasc Amenuet al. (2019), also showed that
raw milk drinking is widespread among pastoral camities in the Borana Zones. On the other
hand, communities in the districts favored the $mo@ously fermented camel milk known as
Chuucheefor consumption. Similar to this, Somale, Kenyamalia, and Sudan make the

naturally fermented camel products Dhaanan, S®&adyat, and gariss (Seifu, 2007b)

5.8. Camel Herd Composition

Camel is the main sources of milk in next to cowsélected district of three zones. In these
specific locations, camel milk is preferred overamas a food source. Tegegeeal (2013)
reported that camel milk is consumed along witht goal cow milk in lowland pastoral or agro-
pastoral areas of Ethiopia while consumption of €amilk in the mainly Christian highland
areas was limited due to a traditional taboo. slaicolossal activity in the study districts to
organize camel herds according to their role inringa age, sex, and other management
circumstances. Because of this, the majority oftbed was made up of reproductive female
camels and young females. This study report is eoaipe withElhadi et al (2015) who
reported that 70% camels in Kenya are female, whlatws households were keeping camels
for milk production. Similarly, Temesgest al(2011) reported, in Kereyu 90% of camel herd
composition are female. This implies that femalenels far exceed male camels to ensure
reproductive potential and good milk production pastoralists as food The more productive
female camel in the area could be chosen in theesdional manner and kept in the herds.

More bull is not allowed to live the herds, becatls®y used it as income sources. The findings
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report of Gebremichaadt al(2019), which revealed that female camel herdsemak more of

the structural makeup of Afar camel herds provislegport for this study.

5.9. Feeding, Watering, and Housing System

The primary sources of camel feed in the studysaeea grass, shrub, bush and various thorny
plant species that easily not consumable by ofliestbck. The major plant species feed by
camel in the study areas areAcacia brevispica Opunta ficus indica and Dichrostachys
ciniarea Also, cacti Oputia ficus indicg and different agriculture leftovers are used ase
feed in the areas. In similar way Bekeleal (2002b) and Mirkenat al (2018) reported that ,
several saltbush plants in the family Chenopodiact#e forage species, leguminous trees and

bushes are like by camel. Camel also like eatiagyell asEuphorbia tirucal(Aklilu, 2011).

Free-range browsing is the commonly used camelrigedith little supplementation practices.
In a minor way, straw (Digirti) is utilized as atidhal feed in some locations in addition to
supplementing with tree leaves when there are $bedtages. Black salM@gadg and white
salt Boole) have been supplemented at morning one to twweeek. In Liban district these salt
are more available and utilized than other studstridis. According to the ideas of the
interviewed respondents, feeding these salts coelid in minimizing the case of bloating and
contrarily increased the status of the animal. Alsased to smooth the skin and strength the
fetus bone during gestation period which is agre@t the finding of (Gebisa, 2019). In the
research locations, camels that are pregnant ardalthe main herds that share extra feeding. On
the other hand, camel in the jijiga and Shinileaarare fed supplemental feed in addition to

unimproved perennial natural plants with low nignal contents (Seifu, 2009)

In the dry season it is customary to water cametyevwice a month, , however the interval can
be up to one month in the water sources is far awatne study areas. During this season
manually collecting of water from deep wells logadthown asEelais the most practicing way
of camel watering in the area. This finding is imel with the report ofBefekaduet al., 2018)
who revealed that well is the crucial water souricedry seasonYoung males are responsible

for water consumption under the supervision of efgmple of both sexes during the dry season,
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In the study area matured camels were kept in éndshduring the day time on shared grazing
rangeland and at night in traditional Kraals (Ma@nhuilt around homesteads or dwellings to
protect them from predators and thieves. A ligfethem could kept in the side of the man
house. To keep them apart from other camel herdlves are kept in a small enclosure
composed of thorny bushes and wood. To protect tanels from some predators, nearly all
camel breeders kept their animals in the traditi@real, which is built of thorny plan{$-arazet

al., 2021)

5.9. Camel Milk and Milk Product Marketing

Along with food, camel milk serves as the primacpmomic engine for the pastoral and agri-
pastoral villages of Borena and Guiji in the redeaareas. The interviewed respondents were
stated as comparable to cow milk, camel milk carstle for enough money to pay for the
family's costs, while small number of them claintadt they had only utilized it for domestic
consumption and had fermented the milk to offépiesteemed foreigners. Contrarily Birhanu
et al. (2021), reported that fermented milk has beed i income generation in this particular

areas.

In the areas camel milk may be supplied to middlemdth little left over to sell to local
consumers and shops at lower costs. This is dukstyganized milk marketing websites that
connect producers and consumers in the area watteplto live. They responded that they lost
milk at cheap prices on time since there was n& marketing unit or shade in the town close to
where they lived, which was a marketing issue. édih there is a significant demand for camel
milk in pastoral and agro-pastoral regions of tbentry, including the research areas, camel
milk marketing is limited by price volatility, coolg facilities, and a well-organized
transportation and marketing system, which is simib the statement (Beked¢ al, 2021). In
order to decrease the degradation of raw milk stheecooling facility is a major issue in the
areas, the marketing life of the milk has been redee by fumigating the milk containers or
carrying kits. The households identify Yabello, 8ilora, Moyale, and Negele Borana town as

the district's terminal feeder town. For terminaéts, camel milk is mostly supplied by Surupa
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and Malka Soda Town. Sudden drought outbreakspeabsgariations in milk pricing, and a lack
of camel milk processing infrastructure (includifegilities for transportation and chilling) are

all issues that affect the production and processfrcamel milk

5.10. The Role of Camel Milk In Human Health

Camel milk naturally possesses antimicrobial gigalithat protect people from bacteria that
spread disease. In selected location of both GujiBorena zones might use camel milk to treat
diarrhea, constipation, malaria, heart conditicarsg uterine construction. According to their
believe camel milk might be used to treat malawhjch is the most common disease with
regard to constipation and strength. Tea made @@amel milk is used to treat coughs. This may
be because camel milk is regarded as a functiaealfar treatments and cures for conditions
including asthma, diabetes, edema, sciatica, aasosal fever (Abrhaley and Leta, 2018) and
(Khalesiet al, 2017). Additionally, camel milk can enhance than's softness and smoothness
gualities (communication). This may be because tamil& contains more lysine amino acid

than milk from other livestock species.

According to the respondents surveyed, camels lmamsa variety of plant species, and active
compounds with therapeutic properties from thesatpbpecies are released into the milk. This
finding is supported by a report of (Eyassu, 200Y,ayhich claimed that camel milk has higher
medicinal values than milk from cows and othersieek species In accordance with the study
report of, rough boiling of camel milk can effedly protect the patient from serious cough
problems in respiration movement and other regpiyatliseases. Diarrhea and heart diseases
are the other diseases believed to be treatedoaitiel milk in a limited manner in the study
areas, which is in line with report of (Bekedt al, 2021). Salmonella Typhimurium,
Escherichia coli, Listeria monocytogenes, Staphydooas aureus, and other Gram-positive and
Gram-negative bacteria have all been reported taelestant to camel milk's antibacterial
properties (Elagamy, 2000). According to reportamel milk has larger concentrations of
protective proteins such lysozymes, lactoferrintdperoxidase, and immunoglobulin, which are
thought to be the cause of this inhibitory effd€ébrfjuspayeveaet al, 2007b). In addition, the

respondents said that consuming camel milk doesaute one to gain weight but rather makes
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one stronger. This most likely goes hand in haitt the natural phenomenon of camel feeding

and feed type

5.11. Challenges in Camel Milk Production, Processg and Marketing

Camel milk processing has traditionally been thaughbe impossible or not possible under
natural circumstances, with the exception of tugniininto fermented (sour) milk with a small
amount of butter but no cheese. Despite the fadttths topic is currently highly taboo, camel
milk is processed into the product using cuttingeednethods that are remarkably applied.
However, the most significant obstacle in the aurresearch, which shared the top spot on all
lists, were the lack of understanding regarding itlteoduction of camel milk processing
practices, lack of milk processing facilitieslaak of interest in the procedure, and a refusal to

consume are the issues raised in the communities.

The interviewed respondents in all selected distf the study areas said that the primary
obstacle to profiting from their production is tlaek of organized camel milk selling channels.
Other difficulties faced by camel herders in theewrch locations include the growth of
encroaching bush, the yearly loss of feed pastndebaowse plants owing to repeated drought,
issues with transportation services to get the ywotsdto the needed markets, and unidentified
camel diseases. Unknown camel diseases has madmirtied to be died and sick frequently
without showing any septum and had a great positionamel milk decline. In similar way
Kebedeet al(2015b) and Gebremichaet al( 2019b), revealed, that, low milk yield due to
camel diseases was a major worry for pastorahs&omalia and the Afar Region.

Even though it is difficult to make processed prddunaturally because of the relative
distribution and amino-acid composition of camelkngaseins being different from bovines
milk, the lack of advanced camel milk processingcpices would present a challenge in
extending the shelf life of the product in pastarammunities(Bekelet al, 2002b). Lack of
conventional milk value addition was partly caussdinadequate infrastructure(Noet 4d.,
2013).
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5.12 Cheese Making From Camel Milk by Blending It with Cow Milk

5.12.1.Chemical Composition of milk used to make Cheese

The current finding result was demonstrated that ¢hemical composition of blended milk
improved with increasing cow milk proportion. Thigsult is consistent with the findings of
(Derar and EIl Zubeir, 2016a) and (M. S. Mustafal, 2015) who observed that the chemical
composition of camel milk rose when it was combimgth cow and sheep milk. On the other
hand, (Eissat d., 2010) observed that during yoghurt preservapenods, the fat content of
mixed camel and cow milk remained steady. The tesofl earlier research (Asresat al,
2013c) and, (Omer and Eltinay, 2009) revealed thtl solids content of camel milk was
8.62%, 8.64%, and 9.78%, respectively. The tothdils@f pure camel milk in the current study
are higher than those results. However, the resul2-15% in total solid cow milk is consistent
with the findings of (Mehtat al, 2014) and (Al Kanhal, 2010). Climate, feedingtimoel, and
cow lactation stage may be to blame for the vagandotal solids content between the current
study and previous findings. According to the fimgs of (Asresie et al., 2013c) a(Musaadet
al., 2013), who reported pH values of 6.2—6.7 forHreamel milk, which is consistent with this
finding.

5.12.2. Milk Coagulation and cheese yield

The camel milk's ability to coagulate may be inseghby adding cow milk to the mixture. The
milk's coagulation time was kept lower with a lowemount of camel milk, but a higher
percentage of cow milk considerably sped up theyebon of curd. This is probably brought on
by the fact that cow milk contains more solids tltamel milk does. The current finding was
consistent with the reports of (Shaheinal, 2014) and (El Zubeir and Jabreel, 2008), which
showed that camel milk blended with Bufallo milkghi be better in coagulation than pure
camel milk. The present coagulation time of camék,mhowever, is longer than the results
reported by (Walleet al, 2017a), who found that the shortest gelatione$iym348 and 433
seconds, were recorded with the highest chymosimcerdrations. Additionally, Vost
al.(2017) found that a higher chymosin content cowdduce the time required for milk to
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coagulate, which is somewhat consistent with theec investigation. As the amount of cow

milk in the mixture grew, the coagulation time daned to shrink.

In the current investigation, the cheese prepaed pure camel milk was in consistent with the
earlier result of 17.2-18.10g/100g milk (Habtegeband Admassu, 2016). The pure cow milk
and its larger proportion in the mixture led toighter cheese yield. The fact that the fat globules
in cow milk are practically completely absorbedoitihe casein network during the coagulation
process, which is analogous with the report ofttigher output of cheese in mixture of camel
milk than pure camel milk, may be the cause of (Bisrar and El Zubeir, 2016b). The cheese
yield obtained in this finding is significantly Higr than that reported by (Waks al, 2017a))
who found that the highest cheese yield was obdawigh goat milk cheese. This might be
explained by higher solid recovery and more moéstbeing incorporated into the curd in
uncooked cheese samples, which leads to the piodumit more cheese(Guat al, 2004). The
shape of the curd and the cheese yield are infecehy the interaction of the fat globule and
protein. The cheese yield in the current study @¢dnd raised from 17.96g to 21.18g/100g milk

by mixing cow's milk with camel's milk.

5.12.3. Camel milk cheese's chemical makeup whabioed with cow milk

Similar findings regarding to the cheese's prot#ih, total solids, and ash concentrations were
made in a prior study using a similar experimei@sign (Al-Zoreky and Almathen, 2021),
(Hamad, 2015) and (Walket al, 2017b). While the moisture of cheese manufadtin@am cow
milk in the current study is much lower than the 9896 reported by (Jungt al, 2013).
Contrarliy the moisture contents of cheese crefmut camel milk were significantly higher
than the 48.9% reported by (Akinloye and Adewun®l14). According to findings by
(Habtegebriel and Admassu, 2016), the cheese ptioduof real camel milk was 18.10g/100g
of milk, which is comparable to values for pure eamilk but much lower than the blend one in
this study. Different camel milk blend ratios woubhdve produced cheese with higher ash
content. The ash contents of cheese manufactureddamel milk were 1.60 and 1.98-20.20%,
respectively, according to (Walle et al., 2017b)d gDerar and El Zubeir, 2016b)hich is

61



lower than the study's of present finding . Theetaes of vegetation that camels browse during

their feeding behavior contribute to the high sahwracteristics of pure camel milk cheese.

The cheese made from camel milk and high percestafeamel milk mixed with cow milk
produced the highest values for roughness, surfaoesture, firmness, adhesiveness, and
saltiness in the current finding/study/, whereas theese made from pure cow milk and high
percentages of cow milk proportion in the treatmprdduced the best values for solubility,
tastes, appearance, and acceptances. This resaltsstent with(E. Mustafet al.,2015), who
showed that the general acceptance of yoghurt wgsfisantly increased by the larger
percentages of cow milk in the blend of camel aod enilk. The glandular surface of cheese
manufactured with 100% camel milk may help to iaseethe roughness features of cheese made
with a higher percentage of camel milk in the nmikkture. As a consequence of the panelists'
evaluation, camel milk's contribution to the chéeseughness was maintained at a lower level
than pure cow milk. This may be because camel miillk contains some unhydrolyzed fat
globulin compared to cow milk, which is corroboiatey (Delahunty and Drake, 2004), that
found uncompletely hydrolyzed fat globulin in rawlkmcould raise the amounts of surface
moisture in the final products. Also, Pandayal( 2000) found that cheese created from pure
camel milk had higher surface moisture than cheeaeufactured from cheese that contained

50% cow milk.
5.12.4. Cheese Sensory Assessment

According to Kraggeruckt al(2012a), the combination of cow and camel milk naéter the
physical characteristics of cheese, which is comsiswith the findings of this investigation.
Overall appearance of the camel milk cheese, asrtexp by (Walleet al, 2017c), was 4.40,
which was somewhat higher than the present ratfnipeo cheese produced from only camel
milk. According to this study's findings, camel kndheese received fewer overall acceptances
than combined camel and cow milk cheese (Kraggetrad, 2012b)
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6. CONCLUSION AND RECOMMENDATION

6.1. Conclusion
Camel dairy production practices and cheese makormg camel milk by blending with cow

milk via enzymatic treatment is the main findingtlois research. Based on the result obtained, it

was concluded as follows.

» This study concluded disease, frequently appeararicdrought and expansion of
encroachment of bush is the critical problem in ebdairy production

» The most significant difficulties seen in the arelhswever, are a lack of knowledge
about cutting-edge camel dairy processing methadsck of camel milk processing
units, a reluctance to process camel milk into bgipcts, poor infrastructure, and the
absence of a formalized market link.

» Blending of camel milk with cow milk could be impred the processing properties of
camel milk for cheese making

» The blend of milk brought the significant differenwith the proportion of milk mixed in
all patterns of study that was included physicodkahproperties of milk and cheese,
cheese yield, coagulation and setting time andosgradtributes of cheese.

» The present of cow milk in the blend made the ahg@educed to have a great sound in
over all acceptances of the cheese.

6.2. Recommendations
To improve the camel dairy production, Processing Hltilization the following point can be

recommended.

* To improve the camel dairy production, Processind Hitilization the following point
can be recommended.

e Introduction of pastoral communities in camel mitkocessing and consumption,
subsequencial awareness should be required.

» To obtain a cheese of camel milk with a good cftif; and more percentage of cow
milk should be mixed.

» Additional Investigation should be required to gsa the contribution cmoky Quartz

stone in milk coagulation
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8.1. Supplementary Tables

8. APPENDIX

Appendix.1. ANOVA Challenge and Constraints of eamilk processing

ANOVA
Sum of df Mean Squart F Sig.
Squares
Lachk of awarness in Between 14.450 4.817 9.458 000
technology Groups
Lack of 'camellmllk Between 400 133 506 679
processing unit Groups
Unwillingness to Between 8150 2717 3.963 009
consume Groups
Less interest to proces: Between 16.269 5423 11.641 .000
Groups
Appendix . ANOVA Milk Coagulation Time and CheeseMs
ANOVA
Sum of df Mean Squart F Sig.
Squares
Coagulation time of - Between 5631.60C 1407.90C 242.741 .00
milk Groups
o . Bet B} -
setting time of milk o eon 18332.261 4583.067 243.564  .000
Groups
cheese yield Between 88.404 22101 21.158  .000
Groups
pH Between 399 100 2156  .148
Groups
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Appendix 4. ANOVA Chemical Composition of Milk uséalr Cheese Making

Univariate Tests

Dependent Variable Sum of df Mean F
Squares Square Sig.

freezing point .308 4 .077 311.865 .000
Total Solid Contrast 18.478 4 4.620 100.592 .000
pH Values Contrast .647 4 162 2.818 .084
Lactose Contrast 2.248 4 .562 3.645 .044
Titratable Acidity Contrast .002 4 .001 : .
Fat content Contrast 1.641 4 410 139.83C .000
Cruide Protein Contrast 2.733 4 .683 72.487 .000
Soilid Not fat Contrast 2.422 4 .606  4.830 .020
mic'f'c grafity of - hirast 000 4 7.441E-008  3.103 067
Ash of milk Contrast .011 4 .003 28.509 .000

The F tests the effect of treatments T1, T2, T3&TS. This test is based on the linearly independen
pairwise comparisons among the estimated margieahs

Appendix 5. ANOVA Chemical Composition of Cheese

ANOVA
Sum of df Mean Squart F Sig.
Squares
. Bet _
protein of cheese etween 118.687 4 29.672 1063.507  .000
Groups
fat of cheese Between 310.304 4 77576 172.184  .000
Groups
Total solid of cheese  oC Veen 490.239 4  12256C 10589  .001
Groups
Ash of cheese Between 216 4 054 14.910  .000
Groups
moisture contents of Between
491.436 4 122858 10530  .001
cheese Groups
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Appendix 6. ANOVA Sensory Attributes of Cheese

ANOVA

Sum of df Mean Square F Sig.

Squares
Rouphess Between 13.943 4 3.486 10.870 .001
Surface moisture Between 17.273 4 4318 27.682 .000
Firmness Between 4.467 4 1.117 36.865 .000
Adhesiveness Between 9.403 4 2351 4.658 .022
Solubility Between 21.349 4 5.337 72.126 .000
Taste in mouth Between 15.049 4 3.762 27.529 .000
Acceptance of cheese Between 13.723 4 3.431  8.506 .003
Appearance Between 6.489 4 1.622 42.693 .000

8.2. Supplementary Figures

i

T

sl

Appendix Figure MagadodBlack Salt) Appendix Figure 2. Bookee (White palt

85



Appendix Figure 3. Chabbii(Smoky Quart} Appendix Figure 4. Browsing Camel

Appendix Figure 4.Cheese Made from 50% camel milk +50%cow milk

Appendix Figure 5. Cheese from 100% camel milk
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Appendii'('Figure 6. 75% cow milk plus 'Aﬁmﬁigure 7. 75% camel plus 25% cow milk
25% camel milk

8.3. Publication Articles

1.Camel Milk Handling, Processing, And Utilizatitm Selected Districts Of Borena, East Guiji,
And West Guji Zoné.|IOSR Journal of Agriculture and Veterinary Sciel(@SR-JAVS)16(1),
2023, pp. 01-13.

Abebe Gemechu, Balako Gumi, Sisay Girma, Zelaleraray Gebeyehu Goshu

2. Efficiency of Cheese Making from Camel Milk by Biing with Cow Milk at Different

Proportion Asian Journal of Research in Animal and Veterin&giences.Volume 11, Issue 2,
Page 135-143, 2023; Article no.AJRAVS.96450

8.4. OUESTIONNAIRES
Remainder to enumerators

1. Make brief introduction to each household/reslemis/ before starting any question, get
introduced to the farmers/pastoralists/ get his enatell him yours, the institution you are

working for, and make clear the purpose and ohjestof your question.

2. Ask each question so clearly and patientlyl tiné farmer/pastoralist/ understands.

3. Fill up the questionnaire according to the farmirastoralists/ replay (do not put your

opinion).

4. Try not to use technical terms while discussinity farmers/pastoralists/ and do not forget the

local unit.
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5. Describe the question to the farmers/pastoséliat clear and understandable way by using
local languages
Enumerator’s

name Signature Date

Part One: Back Ground of Individual Household

1.1. Name of interviewed household-------------——----| Sex-----, Age-------- years
1.2. Zone ------------- District------------------ Kbele------------ Ethnics group------------
1.3. Level of education of the interviewed housdhehcircle one)
Level | llliterate | Basic Elementary| High University/collage| Religious
Education | School School Education
Mark
1.4. Religion:
a) Christian Ort™ dox |, Protestal__| ) Muislin d) W__efata e) Other
1.5. Family size (including the head of the housdhender different age category:
Age category <5 years| 5-15years 15-64 years > 64 years Total
Sex | Male
Female
Total

1.6. Economic Sources
(a) Farl_Ir (b) F__ltoralist  (c) Botimfal nhd pas™ Jalist (d) other

Part two: Dairy Production and Processing
2.1 What types of livestock have you been used fok pribduction
a)Ca_ b)L_amel c) She_D iat f) all

2.2 If your answer isall'’ rank based on the milk produced and utilized farryflamilies

Types of| Cattle Camel Sheep Goat Others( iether
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livestock

Rank

2.3. If your first choice igamelfor how many long of time you have been kept?
a)oney_ar b)t._)years three yel__Id) four yeare | e) five and above
2.4. Fill Up The Production Status of Camel As bt

Categories Lactation Caving Milk Yield (liter) Milking time
length interval(years -
g 4 Per a day Per lactatior) Per a day
( months)

2.5. In Which Season You Have Get High Milk Yield
() Kiremt( Sui__her) (iBe,-Winter) (ii)__beday Spring) L1 (iV)Belg Autumn)

2.6. For what purpose you have been kept camedrréttan milk

() For Meat_____ (i) Transport_____ (iii) Pack

2.7. Could You Process The Camel Milk Intoghurt, Butter, andChees®&

a) Yio b) N¢

2.8. If Your Answer isres, Write the Steps You Have Used to Manufactureds@&heroducts
a)Yoghurt b) Butter c) Cheese

Steps Steps Steps

2.9. Could you used different initiative ingredigispices/ to process the milk

89




A. yeo B.-lo

2.10. If your answer iges from where you have gone these ingredients/spices
a) From locally available material dommercial

2.11. If your choice i&” , list it with specific name and steps of procegsin

2.12. What is the role you expect from these inigired/spices/ in milk processing?

a b C

2.13 Is there any new technology that has been pratcticeamel milk processing in your area?
If there explain
it

2.14. What kinds of machine/materials/ can be twsa@ahplement the processing activities?
a) Commercial c__irner b) Ci.m Separatorc) clay pt.raditional materials

2.15. For what purpose you can process camel milk?

a) for home consl__ption ~) for selling c|_br preservation

Part Three: Camel Dairy Management

3.1. Who milk the camel?

a) Wife b) Husband c) Daughter d) Son

3.2. At what time the milking practices has bedw®teplace

a) At morning b) after noon c¢) Just at middi@ day d) others
3.3. List the kinds of equipment you can used &mel milking and storages

a b c d

3.4. How do you have kept the camel milk and itedpcts for a long periods of time?

a) By using the preservative spices /agents/  c) By keeping it in refrigerator
b) By heat treating/ pasteurizing / d) Other mdtho
3.5. Where do you keep the camel at night?
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a) In open shade near to home b) In fenced aratodome

c) In confined house d) others

3.6. How to manage the camel in terms of feedirdyvaatering

a) Free ranging/browsing/  b) keeping at feedlot

c) Free ranging and supplementing with some agitastrial byproducts
d) Drinking at home by using water trough

e) Drinking water by traveling along distances @@y sources

3.7. List any treatment you have made for camel
a) During dry period

b) During pregnancy and lactation periods

3.8. What are the main constraints of processingetanilk into byproducts? List if there:
a) b) C) d)

Secondary Data

1. Total Camel population of the Zone
2.Trends of camel population

A) (Zone) 2009 2010 2011 2012
B) (Liban districts) 2009 2010 2011 2012
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