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ABSTRACT

Dhanaan is a spontaneously fermented camel milk that is popular in the Somali regional state of Ethiopia and plays a sig-
nificant role in the livelihoods of pastoral communities. This study aimed to investigate traditional fermentation methods of
dhanaan in these communities. Four districts, namely, Gursum, Shabelle, Degehabur, and Birqot, were purposively selected
on the basis of camel rearing, camel milk production, and consumption. A cross-sectional survey of traditional fermentation
methods, handling, utilization, and the claimed therapeutic effects of dhanaan was conducted using both open- and closed-
ended questions in the districts. The traditional preparation of dhanaan involves spontaneous fermentation of camel milk
at ambient conditions for approximately 48-72h in smoked plastic jerry cans (90%). In most districts, dhanaan preparation
was done on a weekly basis (>50%), except in Birqot, where the majority (54%) of participants prepared it on a daily basis.
The majority of participants (>95%) had never attended any food hygiene training programs. Over 80% of the participants
consumed dhanaan as a traditional medicine to treat conditions such as diarrhea, abdominal pain, constipation, gastric pain,
fever, and diabetes. In conclusion, dhanaan preparation requires the use of best practices if the quality and safety of products
are to be guaranteed.

1 | Introduction (Obafemi et al. 2022), dairy-based (Agyei et al. 2020), and

Fermented foods play a vital role in the human diet in differ-
ent parts of the world. Since the beginning of human civiliza-
tion, natural fermentation has been practiced as a strategy to
either extend the shelf life of perishable products or for culinary
purposes. Africa is endowed with a wide range of fermented
foods, including cereal-based (Franz et al. 2014), legume-based

fruit-based (Misihairabgwi and Cheikhyoussef 2017) foods
which have major impacts on health, nutrition, and socioeco-
nomic status across the continent. Fermented milk products
have been reported to have anticancer effects (Garcia-Burgos
et al. 2020), increase bone mineral density (Ong et al. 2020), im-
prove lactose tolerance (Saleem et al. 2024), lower cholesterol
(Yerlikaya 2023), increase nutrient availability (Garcia-Burgos
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et al. 2020), and increase the immune system (Santiago-Lopez
et al. 2015). Although African fermented milk products may un-
dergo similar preparation methods, they carry different names
in various regions or countries (Agyei et al. 2020). For exam-
ple, in Ethiopia, fermented dairy products are assigned various
names like ergo (sour milk), dhanaan (fermented camel milk),
ititu (milk curd), ayib (cottage cheese), neter kibe (spiced butter),
kibe (traditional butter), aguat (whey) and arerra (sour defatted
milk) (Berhe et al. 2017).

Camel milk plays an important role in human nutrition, es-
pecially in arid and hot regions worldwide (Khaliq et al. 2019;
Asres and Yusuf 2014). Camel milk contains all the essential
nutrients found in bovine milk, but it also contains many anti-
bacterial substances, vitamin C, and iron (Osman et al. 2024).
It can be consumed either in its fresh or fermented form (dha-
naan). In addition, it has been claimed to have several ther-
apeutic effects, including antidiabetic (Swelum et al. 2021),
anticancer (Abrhaley and Leta 2018), antihypertensive
(Kocyigit et al. 2024), relief of abdominal pain (Kaskous 2016),
bone strength, and diarrhea (Khaliq et al. 2019). Furthermore,
camel milk and products (i.e., dhanaan) are the main sources
of income for many pastoral communities in the Somali re-
gional state.

However, dhanaan is prepared mainly when there is a sur-
plus of milk and if pastorals plan to travel long distances, as
it has a longer shelf life than fresh milk. Dhanaan is prepared
by collecting fresh camel milk in a clean and smoked plastic
container called a Jerry can and then allowed to ferment spon-
taneously at ambient temperature (25°C-35°C) for approxi-
mately 48-72h without the addition of starter cultures (Berhe
et al. 2019). The milk containers used for dhanaan fermen-
tation are smoked for 20-30min and contain glow splinters
of Olea afana which impart a smoky flavor to the fermenting
dhanaan.

To date, research has focused on the chemical composition and
microbiological quality of dhanaan (Biratu and Seifu 2016),
its therapeutic value (Asres and Yusuf 2014), handling or
preparation, preservation, and utilization (Birhanu et al. 2021;
Seifu 2007). However, despite its significance and role in the
livelihood of pastoral communities in the Somali regional state
of Ethiopia, very little research has been carried out, and there
is limited documentation of traditional preparation methods for
dhanaan and it still needs to be addressed. It is important to
investigate the traditional preparation methods for dhanaan in
order to improve product quality, safety, and commercialization.
The study identified gaps in the preparation methods of dha-
naan, which warrant further action by different stakeholders to
ensure food and nutrition security for pastoral communities in
the Somali regional state of Ethiopia. Therefore, the aim of this
study was to investigate the existing fermentation, handling,
and preservation practices of dhanaan among the pastoral com-
munities of the Somali regional state in Ethiopia and propose
measures for improvement. This survey study is potentially
significant, as it involved an on-site (household survey) inves-
tigation of the traditional practices and knowledge of pastoral
communities. The survey studies reported so far were collected
mainly from open markets, milk producing centers, restau-
rants, etc.

2 | Materials and Methods
2.1 | Study Area

This study was conducted in two purposively selected zones
(Fafan and Jarar) of the Somali Regional State in Eastern
Ethiopia (Figure 1). The two zones are among the nine ad-
ministrative zones of the Somali region and are characterized
by households that keep camels and produce and consume
dhanaan. Two districts were selected from each zone (Fafan:
Gursum and Shabelle; Jarar: Degehabur and Birqot) on the basis
of their potential for camel rearing, camel milk production, and
consumption.

2.2 | Identification of Villages and Households

Prior to the main survey, a random visit was arranged with local
community leaders, enumerators, and supervisors to identify
the study villages in each of the four selected districts. A list of
potential villages in each district was prepared and compiled.
Ten villages from each district (40 villages in total) were ran-
domly chosen via a lottery system for household selection. In
each randomly selected village, households that possessed cam-
els and prepared and consumed dhanaan were identified, listed,
and compiled for the survey. Then, via the lottery system, poten-
tial households were randomly chosen from villages that were
previously chosen from the compiled list.

2.3 | Study Design and Sample Size

A cross-sectional study design was employed to conduct a
household survey between December 2023 and March 2024.
The sample size for this survey was determined using Yamane's
(1967) formula, which assumes a confidence level of 95% and a
proportion of 0.50.

N
n=-—Hm—
1+ N(e)?

where n=sample size; N=population size; 3, 845,822; and
e=level of precision of the margin of error, 0.05.

By computing the values via the formula, the sample size was
400 in all the selected study villages.

2.4 | Data Collection Tools

Both open- and closed-ended questionnaires were used to ob-
tain information about the traditional preparation methods,
handling methods, utilization, and claimed therapeutic value
of camel milk. Interviews and observations were conducted to
obtain additional information. The questionnaire was divided
into three parts: demographic characteristics; preparation/fer-
mentation of dhanaan; and handling, processing, utilization,
and claimed medicinal values. To ensure that the questions
were simple and reliable, the questionnaire was first prepared
in English, then translated into local dialects, and finally back
to English. The face and content validity of the questionnaire
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FIGURE1 | Map of the study area. (A) Shabelle and Gursum districts in the Fafan zone. (B) Degehabour and Birqot districts in the Jarar zone.
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were assessed by three experts. The data were collected through
trained research assistants who spoke the local language. The
research assistants in each district read each question to the re-
spondents and wrote the answers in the space provided on the
same sheet. Additional discussions and interview responses
were recorded in separate notebooks.

2.5 | Assessment of Traditional Preparation
Methods

This section of the questionnaire contained 5 (3 close-ended,
2 open-ended) questions on preparation/fermentation of dha-
naan. The questions included were targeted at ingredients of
dhanaan preparation, equipment used, frequency of dhanaan
preparation, and packing of dhanaan.

2.6 | Assessment of Handling Methods,
Processing, Utilization, and Claimed
Medicinal Values

Questions related to hygienic practices, storage, distribution,
selling, utilization, preference, and therapeutic value of dha-
naan were assessed in this section. It contains 20 questions (17
close-ended and 3 open-ended). The main questions included
in this section were about previous training in food hygiene,

TABLE1 | Demographic information of the participants.

smoking of containers, taking dhanaan as a medicine, wash-
ing hands before milking, and whether dhanaan is their major
source of income.

2.7 | Statistical Analysis

The data were double-entered into an Excel spreadsheet for
cleaning and verification prior to the analysis. Descriptive
statistics, including the frequency distribution and percentage
of responses, were computed using SPSS (version 29). The as-
sociations between some categorical variables and dhanaan
consumption, preparation, and utilization were determined
using Pearson's chi-square test. Data analysis was conducted
at a 95% confidence interval with a margin of error of 5%.
Tables, proportions, graphs, and charts were used to present
the results. A p value of <0.05 was considered statistically
significant.

3 | Results and Discussion

3.1 | Demographic Characteristics
of the Participants

A total of 400 participants were included in this study.
The demographic information of the participants in each

Districts
Gursum Shabelle Degehabur Birqot Total
% of % of % of % of % of
participants participants participants participants participants

Variables gender

Male 45 23 57 41 41.5

Female 55 77 43 59 58.5
Age category

15-30 63 32 44 79 54.5

31-40 21 21 23 8 18.3

41-50 2 16 20 8 11.5

51-60 4 16 5 2 6.8

61 and above 10 15 8 3 9
Education level

No formal education 91 87 90 43 77.8

1-4 grade 7 13 7 4 7.8

5-8 grade 2 0 2 12 4

9-12 grade 0 0 1 8 2.3

Certificate 0 0 0 2 0.5

Diploma 0 0 0 22 5.5

Degree and above 0 0 0 9 2.3
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district is summarized in Table 1. More than half (58.5%)
of the participants were female and between the ages of 15
and 30years (54.5%). On the other hand, the age group of
65years and above was the least represented (9%). Gender bal-
ance varies from one district to another, as dhanaan can be
made by both males and females. We randomly asked indi-
viduals in the household who had a knowledge of dhanaan
preparation.

The majority of the participants (77.75%) had no formal educa-
tion. This could be due to the fact that the pastoral communi-
ties are inhabiting marginal areas where access to school was
very minimal. Having some level of education greatly contrib-
utes to increasing awareness and understanding, which leads
to the application of good hygienic practices during prepara-
tion and handling along the supply chain. A study conducted
in Kenya by Mogotu et al. (2022) reported that farmers who
attended middle and high schools used hygienic practices bet-
ter than those who had no formal education. In the present
study, it has been observed that hygienic practices related to
dhanaan preparation were poor among pastoral communities
in the study area, thereby increasing the risk of foodborne dis-
eases among consumers. This could be due to the fact that most
pastoral communities did not attend formal education, the ab-
sence of food handling training, scarcity of potable water, and
related facilities. A study conducted on metagenomic analysis
of bacterial communities of dhanaan (Berhe et al. 2019) re-
ported the presence of pathogenic bacteria with major public
health concerns.

TABLE 2 | Traditional fermentation of dhanaan.

3.2 | Preparation of Dhanaan at Household Level

All households (100%, Table 2) preferred camel milk to prepare
dhanaan rather than milk from other animals, as it is associated
with many special properties, including medicinal value, long
shelf life, high nutritional value, and taste. A similar study con-
ducted in the United Arab Emirates, Cheikh Ismail et al. (2022)
reported that consumers prefer camel milk over milk from other
animals because of its taste, nutritional value, and therapeutic
properties. In addition, camels have the ability to survive in arid
and semi-arid areas, where other livestock species are unable to
survive. Dhanaan is prepared by placing fresh whole camel milk
in a 5-1 screw cap container called a Jerry can and allowed to
ferment at ambient conditions for approximately 48-72h. During
the survey, it was observed that the use of jerry cans by the ma-
jority of the respondents was due to a lack of awareness and
formal education. The plastic containers used by pastoralists in
the study area are difficult to clean and expose milk to further
contamination compared to aluminum containers. The major-
ity of the households prepared dhanaan weekly in all districts,
except Birqot, where 54% of the households prepared dhanaan
daily (Table 2). Most of the participants in the four districts did
not pack dhanaan.

3.3 | Handling Practices of Participants

Food handlers and processing conditions play crucial roles
in ensuring food safety during the preparation, storage, and

Districts

Gursum

Shabelle

Degehabur Birqot

% of participants

% of participants

% of participants % of participants

Variables Ingredients required

Camel milk 100
Milk of other animals 0
Starter culture 0

Equipment used

Clay pot 1
Stainless steel vessel 0
Plastic container (Jerry can) 99

Frequency of preparation

Daily 42
Weekly 51
Once in 2weeks 2
Monthly 5

Pack dhaanan
Yes 1
No 99

100 100 100
0 0 0
0 0 0
0 4 10
0 0 0

100 96 90
0 44 54

100 56 33
0 0 13
0 0 0
2 0 0
98 100 100

50f 10



TABLE 3 | Handling practices of participants.

Districts

Gursum

Shabelle

Degehabur Birqot

Variables % of participants

% of participants

% of participants % of participants

Previous training on food hygiene
Yes 3 0
No 97 100
Wash your hand before milking
Yes 78 99
No 22 1

Source of water for washing milking equipment

Tap 29 99
River 53 0
Pond 4 0
Well 14 1

Boil water before use
Yes 49 27
No 51 73
Smoke containers before milking
Yes 80 99
No 20 1

0 0
100 100
90 93
10 7

18 53
51 18
0 21
31 8

3 18
97 82
82 90
18 10

distribution of prepared foods. Almost all (>95%) of the par-
ticipants had not attended any food hygiene training (Table 3).
Lack of food hygiene training negatively affects the safety of
foods, thereby affecting the health of consumers (Birhanu
et al. 2021; Tuglo et al. 2021). Most of the participants (> 90%)
in the three districts (Shabelle, Degehabur, and Birqot) washed
their hands before milking, with the exception of the Gursum
district, where 22% of the participants did not wash their
hands before milking. However, in a study conducted in the
Borena zone of Ethiopia, Teshome et al. (2019) reported that
none of the participants practiced hand washing before milk-
ing. These findings indicate that milk production, processing,
and utilization practices vary according to region, tribe, and
culture. In the Shabelle district, almost all participants (99%)
used tap water for cleaning hands and milking containers,
whereas river water and well water were used by the major-
ity of participants in the Gursum (53%) and Degehabur (31%)
districts, respectively, owing to a lack of access to tap water.
Furthermore, the majority of the participants in all districts
did not apply any water treatment options before use. This
might be due to a lack of awareness and training regarding
good handling practices of milk. Similarly, in a study con-
ducted in the Gurage Zone of southern Ethiopia, Babege
et al. (2020) reported that the water used for cleaning was not
treated (not potable).

Smoking of equipment used for milk handling is a common
practice in different regions of Ethiopia. Similarly, the majority
of the participants in all districts smoked milk containers be-
fore use. Smoking improves the flavor and taste of products. It
can also improve the shelf life of foods by reducing the number
of contaminants or spoilage microorganisms through the anti-
microbial effect of plant/wood smoke (Asefa and Abrha 2022;
Lemma et al. 2024). Teshome et al. (2019) reported that smok-
ing containers prior to milk processing activities enhances
taste and flavor and reduces contamination. However, Babege
et al. (2020) reported that 57.8% of the participants did not smoke
milk containers.

3.4 | Utilization and Claimed Therapeutic Value
of Dhanaan

This survey indicated that >85% of the participants in all
districts preferred the consumption of fresh camel milk over
dhanaan milk. In Dgehabur (98%) and Birqot (58%) of the par-
ticipants sell dhanaan, whereas 98% in Gursum and 55% in
Shabelle did not sell dhanaan. This could be explained by less
availability of camel milk, and thus pastoralists did not intend
to make dhanaan. This observation corresponds to a study
conducted in the Borana area of southern Ethiopia (Birhanu
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et al. 2021), which reported that 100% of the participants used
fresh camel milk. In general, dhanaan is prepared when there
is surplus milk to prevent spoilage. Therefore, the consump-
tion of dhanaan is limited to dryer seasons, when there is lit-
tle supply of fresh camel milk. In this survey, it was observed
that pastoralists preferred using dhanaan because of its longer
shelf life (3-5months) for use in their nomadic movements.
Such extended shelf life of dhanaan is also crucial for pasto-
ralists living in arid areas where access to refrigeration facil-
ities is not available. It is also an important component of the
diet and is consumed by all family members.

More than 80% of the participants consumed dhanaan because
of its therapeutic value against diarrhea, abdominal pain, stom-
ach problems, constipation, gastric pain, fever, and diabetes.
This could be because camels graze on a variety of plant species
and active agents that have therapeutic properties and are se-
creted into the milk (Gebremichael et al. 2019). Various studies
have shown that dhanaan consumption has therapeutic effects
against asthma, jaundice, diarrhea, malaria, and constipation
(Birhanu et al. 2021; Asres and Yusuf 2014; Seifu 2007). However,
the majority of reports regarding the therapeutic effects of dha-
naan were survey data obtained from pastoralists, which calls
for laboratory-based experimental research. Dhanaan is nor-
mally prepared at the household level, often by people without
formal education. They were neither inspected nor registered.
This situation can jeopardize the quality and safety, commer-
cialization, and medicinal significance of dhanaan. Although
dhanaan could offer some therapeutic value, if not handled hy-
gienically, it may be contaminated with various health hazards
that cause foodborne diseases. A study conducted in Ghana,
Tuglo et al. (2021) revealed that those who attended secondary
education were aware of good hygienic practices when prepar-
ing food. The majority of participants reported that there were
no customer complaints except for a few who reported quality
(8% in Gursum), (16% in Degehabur), and price (22% in Birqot)
(Table 4). Pastoralists strongly believed that there is no foodborne
illness as a result of dhanaan consumption, except those who re-
ported (Degehabur, 28% and Birqot, 24%) a feeling of suffocation
and discomfort for 10-15min. According to discussions with the
participants, the main reason for customer complaints regard-
ing quality is that some households adulterate milk with water,
which undermines the quality and safety of dhanaan resulting
from the use of contaminated water. This could lead to a risk of
foodborne diseases for the consumer. Similarly, complaints re-
garding prices are due to seasonal price variations. A study con-
ducted in Gursum districts, Omer and Ateye (2023) reported that
milk prices were higher during the dry season than during the
wet season.

3.5 | Associations Between Demographic
Information and Dhanaan Preparation,
Consumption, and Utilization

This study revealed a significant association (p=0.001) be-
tween age and dhanaan consumption, with every household
member who consumed dhanaan being 15-30years old.

This is because individuals in the 15-30 age category are
old enough for a nomadic life. The pastoral communities in
the study area mainly lead a nomadic life, and they prefer to
consume dhanaan to sustain their lives in dry areas. In this
study, it was difficult to associate the level of education with
hygienic practices, containers used, and related practices.
This is mainly because the majority of participants in the cur-
rent study did not have any formal education. However, earlier
studies conducted in Ethiopia, Fekadu et al. (2024), Kenya,
Mogotu et al. (2022), and Ghana, Tuglo et al. (2021) reported
a significant association between the level of education and
hygienic practices.

Dhanaan is a major fermented camel milk that plays an import-
ant role in the livelihood of pastoral communities in rural and
urban settlements of the Somali Regional State. The traditional
preparation of dhanaan involves a few steps for the spontaneous
(natural) fermentation of smoked camel milk. It is prepared by
putting raw camel milk in a clean and smoked screw-caped
plastic container called a Jerry can, followed by screwing the
container with the cap, and keeping it at ambient conditions
(25°C-35°C) for about 48-72h (Figure 2; (Berhe et al. 2019)).
The pastoral communities pass the smoke in the plastic con-
tainers in order to improve the flavor of dhanaan. In addition,
smoking by using plants, such as Olea africana, Balanites ga-
labra, and Acacia, might extend the shelf life of dhanaan due
to the probable presence of antimicrobial chemical compounds
in the emitted smoke. The antimicrobial effect due to smoking
inner surfaces of milk handling containers, as a preservation
method in pastoral systems in Kenya, was reported by Wanjala
et al. (2016).

4 | Conclusions

Dhanaan, a traditional fermented camel milk product that
is a diet and source of income for pastoral communities,
is consumed by all age groups in the Somali regional state,
Ethiopia. The fermentation process is spontaneously carried
out at ambient conditions, approximately 48-72h. Dhanaan is
important because of its high nutritional and sensory quality
and claimed therapeutic value. The traditional preparation of
dhanaan does not use best practices, resulting in a product of
low quality and safety. Thus, in order to improve the quality
and safety, extend shelf life, and commercialize the product,
knowledge of the traditional process procedures and identifi-
cation of critical points is crucial towards the preparation of
safer dhanaan. Therefore, the processing of dhanaan in the
study area requires interventions, including raising awareness
of good processing practices among the pastoral communities,
continuous training, and hygienic control measures that will
improve the quality and safety of dhanaan. Additionally, there
is a need to isolate, identify, and characterize the fermenting
microorganisms, including their technological potential to
use them as a starter culture for dhanaan fermentation. This
will enable us to carry out a controlled fermentation, thereby
improving the quality and safety of dhanaan. This is our next
objective in the same research project.
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TABLE 4 | Utilization and claimed therapeutic value of dhanaan.

Districts
Gursum Shabelle Degehabur Birqot

Variables % of participants % of participants % of participants % of participants
Form of camel milk consumption

Fresh 96 96 90 85

Dhanaan (fermented) 0 0 8 4

Both fresh and dhanaan 4 0 2 11

Personal interest 0 4 0 0
Dhanaan for sale

Yes 2 45 98 58

No 98 55 2 42
Consumers of dhanaan

Infants 0 0 0 0

School going children 0 0 0 0

Adults 1 38 0 48

Every member of the household 99 62 100 52
Take dhanaan as a medicine

Yes 83 100 99 87

No 17 0 1 13
Therapeutic benefits of dhanaan

Diarrhea 49 19 6 26

Abdominal pain 9 11 9 0

Stomach discomfort 24 35 27 21

Constipation 5 12 41 17

Gastric pain 13 8 0 11

Fever 0 13 4 3

Diabetes 0 2 13 22
Conduct quality tests

Yes 0 0 0 0

No 100 100 100 100
Inspection by the food control authority

Yes 0 0 0 0

No 100 100 100 100
Registered to produce dhanaan

Yes 0 0 0 0

No 100 100 100 100
Sickness after consuming dhanaan

Yes 0 2 28 24

No 100 98 72 76

(Continues)
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TABLE 4 | (Continued)

Districts

Gursum

Shabelle

Degehabur Birqot

Variables % of participants

% of participants

% of participants % of participants

Customer complaints

No complaint 92 100 81 68

Discomfort 0 0 0 0

Price 0 0 3 22

Adulteration 8 0 16 10
Acknowledgments

‘ Cleaning the container (Jerry can)

‘— Wash with heat treated/non-heat-treated water

‘ Smoking the plastic container (Jerrycan); 20-30 min

‘— Olea africana, Balanites galabra, and Acacia

‘ Put the raw milk in to the container (Jerrycan)

)

‘ Seal the container with a screw cap

!

‘ Ferment (ambient conditions; 48-72 h)

|

‘ Dhanaan ready for consumption

FIGURE2 | Flow chart of traditional dhanaan preparation.
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