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Abstract

Background

Cow milk is an important source of macro-and micronutrients. However, it has low iron con-
tent but high content of casein and calcium thus could negatively influence hemoglobin syn-
thesis. On the other hand, camel milk contains higher iron concentration than cow milk. In
addition, the majority of iron in camel milk is associated with the lower molecular fraction of
casein suggesting better bioavailability. Furthermore, vitamin C concentration, a useful iron
absorption enhancer, is more than three-fold greater in camel milk than cow milk. This study
compared hemoglobin concentration among young children consuming consistently cow
milk or camel milk.

Methods

Hemoglobin concentration of young children (aged 6—59 mo) from settled pastoralist
communities of the Somali region, Ethiopia, consistently consuming cow milk (n = 166) or
camel milk (n = 166) was determined. In addition, socio-demographic and water, sanitation,
and hygienic (WASH) conditions of study participants’ households were captured. Further-
more, dietary intake and anthropometric characteristics of participating children were
assessed.

Results

Among the participating children, 38.6% were underweight, 33.4% were stunted, and 34.5%
were wasted. In addition, 77.4% of children were anemic. The present study households
had poor WASH conditions. Only 0.6% of children had the minimum acceptable dietary
diversity. There was small but significant mean hemoglobin difference among camel milk
and cow milk consuming children (9.6+1.8 g/dl vs 9.1+2.2 g/dl; p = 0.012). In addition, the
odds of low hemoglobin concentration was greater among cow milk consuming children
than camel milk consuming children [AOR 2.17; 95 Cl; 1.39, 3.37; p = 0.001]. However, the
overall anemia prevalence among the two groups was similar.
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Conclusion

Camel milk consumption is associated with better hemoglobin concentration but may not be
sufficient to prevent anemia in populations from resource poor settings. The etiology of ane-
mia is multifactorial thus further studies on the link between milk consumption and hemoglo-
bin concentration are important.

Background

Anemia, low blood hemoglobin concentration, is a major public health concern worldwide
affecting about two billion people. Populations from poor resource settings are the most
affected. Anemia is associated with higher risk of mortality, low physical and mental develop-
ment, and compromised productivity in adults. Multiple, often coexisting, factors including
consumption of foods with low concentration of or poorly bioavailable micronutrients, para-
sitic infection, chronic and acute infections, malaria, heavy blood loss, and higher physiologi-
cal demands for iron at certain life stages for hemoglobin synthesis contribute to low blood
hemoglobin concentration [1]. Poor access to clean drinking water, suboptimal sanitation and
hygienic facilities are also associated with incidence of anemia through attack by pathogens
[2]. In addition, anemia could develop because of hemoglobin disorders (such as sickle cell dis-
ease and thalassemias), chronic disease such as AIDS and tuberculosis [3, 4].

Anemia is highly prevalent in populations from Somali and Afar Regions of Ethiopia which
are predominantly pastoralist. The Ethiopian Demographic and Health Survey (EDHS) shows
that about 83% of children (aged 6-59 mo) and 60% of women in Somali Region are anemic,
while the national average prevalence of anemia is 57% in children and 24% in women of
reproductive age [5]. Similarly, a study on the spatial distribution of anemia among all regions
of Ethiopia using consecutive three time point (2005, 2011, and 2016) EDHS data reported the
highest percentage of maternal anemia in Somali region [6]. Cow milk is an important source
of key nutrients. However, several available studies indicated that cow milk consumption
could be a risk factor for low hemoglobin concentration in young children [7, 8]. A study in
Brazil also reported a positive association between milk consumption and anemia prevalence
in infants [9]. This is mainly attributed to the low iron content but excess amount of casein
and calcium in cow milk. Casein in milk chelates iron by binding with phosphoserine residues
preventing the release of iron in a free form consequently impairing intestinal absorption [10].
In addition, calcium inhibits heme and non-heme iron absorption in a dose-dependent man-
ner [11].

On the other hand, camel milk contains greater iron concentration than cow milk (1.35-
2.5mg/L vs 0.3-0.8mg/L) [12]. In addition, the majority of iron is associated with the lower
molecular fraction of casein suggesting better bioavailability to increase iron store and hemo-
globin synthesis [13]. Furthermore, vitamin C concentration is more than three-fold in camel
milk than cow milk [14]. Vitamin C inherent to the food or added from external sources
enhance iron absorption from non-heme sources by reducing ferric iron into the readily bio-
available form- ferrous iron. Vitamin C can also overcome the iron absorption inhibition effect
due to high calcium and proteins in milk [15]. These characteristics may indicate that camel
milk consumption could be more beneficial for better hemoglobin synthesis to consumers
than cow milk. Therefore, the present study aimed to assess and compare hemoglobin concen-
tration among young children (aged 6-59 mo) consistently and predominantly consuming
cow milk and camel milk from pastoralist communities of the Somali Region in Ethiopia.
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Materials and methods

Study location description

The study was conducted in four administrative zones (Shabele, Fafan, Jarar, Erer) of Somali
regional state located at east and southeast of Ethiopia. The region is known for high incidence
of energy and micronutrient undernutrition. A recent study reported 75% of children at the
age of 1-5 years are anemic and 91% had iron deficiency [16]. In addition, 31.7%, 30.5% and
21.1% of under-five children are underweight, stunted and wasted [17]. Slightly more than one
third of the inhabitants in the region are pastoralists. The four zones were selected purposefully
because significant portion of inhabitants livelihood depend on livestock production thus milk
consumption is very common. Similarly, one woreda from each zone where we can find pasto-
ral livestock populations rearing cattle (but not camel) and camel (but not cattle) was selected.
Furthermore, one district from each woreda was randomly selected.

In the selected districts, a house-to-house census was conducted to register all children aged
6-59 mo. A total of 332 children of 6-59 mo old (166 children from camel rearing households
thus consuming consistently and exclusively camel milk and another 166 children of house-
holds consistently and exclusively consuming cow milk) were selected randomly based on the
sample size calculation considering 83% prevalence of any form of anemia in children 6-59
mo [5], a 95% confidence level and 1.5 design effect.

Data collection

Recruited data collectors were trained to standardized methods of administering interview
questions, and conducting anthropometric measurement. A structured questionnaire was pre-
pared in the local language and pretested outside the study districts before applying to the real
data collection. The questionnaire was used to capture socio-demographic information and
WASH conditions of the study households and dietary intake of participating children. The
study was conducted between December 2017-February 2018.

Dietary intake assessment

Dietary intake was assessed by individual 24 hr recall method. Mothers or caretakers were
asked to report the type of food and drinks the child consumed 24 hrs preceding the survey.
The food items consumed by participating children were further categorized into food groups
to calculate their dietary diversity score according to the FAO guideline to assess individual
dietary diversity score [18].

Water, sanitation and hygiene practices

Respondents were asked the source of drinking water for the study households. In addition
information regarding type of toilet and waste disposal practice of the households were col-
lected by interview and/or observation. Drinking water sources and sanitation facilities of the
study households were categorized as improved or unimproved based on the WHO/UNICEF
joint monitoring program for water supply, sanitation and hygiene guideline [19]. Morbidity
status of children was assessed by asking caretakers whether children had an episode of diar-
rhea (passing watery stools three or more times per day), fever (fever with no other symptoms)
or acute respiratory infection in the last 14 days preceding the survey.

Anthropometry

Anthropometry measurers were trained on weight and height measurement of young children
before the survey. The main measurers were evaluated and passed the standardization exercise
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for measurement precision and accuracy [20]. Weight of children was measured using a digital
scale (T 128 ANITA WB-100; Tanita Corporation, Arlington Heights, IL, USA) while children
wore light clothes and were barefoot. The scale was tared to read zero before starting the mea-
surements. The weight scale was calibrated at least once a day using an object of known weight.
Length/height was measured using a calibrated wooden height measuring board (Stadiometer;
Shorr Productions, Olney, MD, USA) while children were barefoot. The weight reading was
recorded twice and length/height was measured three times and the average of the measure-
ment was used for analysis. The measurements were converted into z-scores of weight-for-age
(WAZ), length/height-for-age (LAZ/HAZ) and weight-for-height (WHZ) using WHO Anthro
software to determine the nutritional status of participating children.

Hemoglobin measurement

Experienced nurses measured the hemoglobin level of children onsite using a digital photome-
ter (HemoCue, Hb 201 DM; Angelholm, Sweden) by pricking the fingertip with sterile disposal
lancet after cleaning with alcohol wipe. The finger was squeezed to get a drop of blood. The
altitude of the study districts was measured using Garmin GPS (Garmin GPS 72H, Taiwan).
The hemoglobin concentration was adjusted for altitude using the formula by Sullivan et al.
[21]. Children with Hb concentrations in whole blood<11.0 g/dl were considered anemic and
graded as mildly anemic (10.0-10.9 g/dl), moderately anemic (7-9.9 g/dl) and severely anemic
(<7 g/dl).

Statistical analysis

Statistical analysis of data was performed using the statistical soft-ware package PASW Statis-
tics for Window (v18, Chicago, IL, USA). Descriptive statistics were used to present results.
Normal distribution of data was checked with the Kolmogorov-Smirnov test. Bivariate corre-
lations were computed using Pearson correlation test. Variables such as age, family size, die-
tary diversity score, and volume of milk consumed, hemoglobin concentration, and weight
and height among camel milk and cow milk consuming children were compared using Stu-
dent’s t-test. Chi-square test was used to compare proportions of outcomes between two inde-
pendent groups. The relationship between anemia status (as a dichotomous variable) and
potential predictors was tested using bivariate and multivariable binary logistic regression.

Ethical approval and consent to participate

All procedures involving human subjects were approved by Institutional Review Board of
Addis

Ababa University, College of Natural Sciences, CNSDO/318/11/2018. A support letter was
also obtained from the Somali Region Health Bureau. Written informed consent was obtained
from parents or guardians of children. Numerical codes were assigned to all study participant
for anonymity.

Results

The study children were from areas of similar altitude. The study households (n = 332) had 2
to 12 family size, with a mean value 5.6+2.4. All study participants were from the rural areas
and were Somali in ethnicity. The study children (n = 332) were in the age of 6-59 mo with
mean value 33.3+17.2 mo. In both cases, majority of households had unimproved sources of
drinking water and toilet facilities. Only a child among the study participants experienced sick-
ness within two weeks preceding the survey.
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The frequency of food group consumption among the present study children was greatest
for milk (100%), cereals (86.7%), and other vegetables (61.7%). Few or none of the children
consumed eggs, meat and fish, organ meat, vitamin A rich fruits, dark green leafy vegetables,
vitamin A rich vegetables, or other fruits and vegetables (Table 1). Both camel milk and cow
milk consuming children had in general low dietary diversity score. Same percentage (99.4%)
of children in both groups had lower than the minimum acceptable dietary diversity (< 4 food
groups) 24 hr preceding the interview. Yet, cow milk consuming children had significantly
higher dietary diversity score compared to camel milk consuming children (3.1+1.0 vs 2.7£1.0;
p =0.001).

In the present study, all the three forms of undernutrition were prevalent affecting almost
similar percent of camel milk (37% underweight, 35.6% stunting, and 33.1% wasting) and cow
milk (40.2% underweight, 32% stunting and 37.3% wasting) consuming children (Table 2).

Children had hemoglobin value in the range of 3.2-13.9 g/dl with mean value of 9.2+2.0 g/
dl. In general, 77.5% of children were anemic. Mild anemia was present in 17.2% of children,
45.5% had moderate anemia, and 14.8% had severe anemia. There was small but significant
(p = 0.012) difference in hemoglobin concentration among camel milk consuming children
(9.6+1.8g/dl) compared to cow milk consuming children (9.1+2.2¢g/dl). However, the propor-
tion of anemia in both camel milk and cow milk consuming children was similar. On the
other hand, greater prevalence of severe anemia was evident in camel milk consuming children
while the prevalence moderate anemia was greater in camel milk consuming children
(Table 3).

The present study children had almost similar household and individual characteristics.
However, significantly higher proportion of households of cow milk consuming children defe-
cate outside in nature (X*(1) = 3.92; p = 0.048), and dispose household wastes improperly
(X3(1) = 26.33, p<0.001). On the other hand, significantly higher percentage of households of
camel milk consuming children use unprotected dug well as a source of drinking water (X*(1)
= 15.77; p<0.001) than boreholes. In addition, cow milk consuming children had significantly
higher dietary diversity score compared to camel milk consuming children (Table 4). How-
ever, dietary diversity score in the present study was not significantly associated with hemoglo-
bin concentration of both camel milk [95% CI 0.54; 0.25, 1.15; p = 0.11] and cow milk [95% CI
0.86; 0.43, 1.74; p = 0.69] consuming children.

Several potential factors including breast milk consumption, source of drinking water,
type of disposal of household wastes, and place of defecation that influence hemoglobin

Table 1. Percentage distribution of intake of different food items in the 24 h preceding the survey by young chil-
dren from pastoralist communities of the Somali Region, Ethiopia, 2018.

Food item Camel milk consuming (n = 166), % (n) Cow milk consuming (n = 166), % (n)

Maize 51.5 (85) 78.4 (131)
Rice 27.3 (45) 12.0 (20)
Wheat 60.0 (99) 68.3 (114)
Sorghum 35.2 (58) 79.6 (133)
Potato 4.8 (8) 4.8 (8)
Onion 58.8 (97) 64.7 (108)
Banana 0.6 (1) 0.6 (1)
Tomato 24.8 (41) 52.7 (88)
lemon 0.6 (1) 0.0 (0)
Pineapple 1.2 (2) 0.0 (0)
Peas 1.2 (2) 0.0 (0)
Milk 100 (166) 100 (166)

https://doi.org/10.1371/journal.pone.0247572.t001
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Table 2. Nutritional status of young children from pastoralist communities of the Somali Region, Ethiopia, 2018.

Variables Camel milk consuming (n = 166), % (n) Cow milk consuming (n = 166), % (n)
Underweight
Overall* 37.0 (61) 40.2 (57)
Moderatet 18.2 (30) 16.8 (28)
Severe¥ 18.8 (31) 23.4(29)
Stunting
Overall 35.6 (59) 32.0 (53)
Moderate 17.5 (29) 13.9 (23)
Severe 18.1 (30) 18.1 (30)
Wasting
Overall 33.1(55) 37.3(62)
Moderate 15.6 (26) 15.7 (26)
Severe 17.5 (29) 21.6 (36)

*Qverall: z-score < -2
"Moderate: Z score between -2 and -3

*Severe: z-score < -3.

https://doi.org/10.1371/journal.pone.0247572.t1002

concentration in addition to the type of milk consumed by the children were tested in logistic
regression. Household waste disposal and type of milk consumption were significantly associ-
ated with occurrence of anemia. Children from households that dispose household wastes
improperly everywhere had 2.1[95% CI; 1.11; 4.07; p<0.02] times increased odds of anemia in
the bivariate binary logistic regression. However, the association was not significant

(p = 0.512) when other factors were considered in the multivariate logistic regression model
(Table 5). In the multivariate analysis, the odds of low hemoglobin concentration was greater
among cow milk consuming children than camel milk consuming children [AOR 2.17; 95 CI;
1.39,3.37; p = 0.001].

Discussion

The present study compared hemoglobin concentration among camel milk and cow milk con-
suming young children from resource poor pastoral communities of the Somali region, Ethiopia.
In general, 77.4% of the children had low hemoglobin concentration suggesting that anemia is a
severe public health problem in the area. Compared to cow milk consuming children, those con-
suming camel milk had slightly greater mean hemoglobin concentration. However, the prevalence
of anemia in both groups was similar. Controlling for other individual and household characteris-
tics, the odds of low hemoglobin concentration was greater among cow milk consuming children
than camel milk consuming children [AOR 2.17; 95 CI; 1.39, 3.37; p = 0.001].

Diversified diets are important to provide adequate intake of vitamins and minerals. How-
ever, communities from resource poor settings are commonly affected by the deficiency of one

Table 3. Prevalence of anemia among camel milk and cow milk consuming young children from the Somali
Region, Ethiopia, 2018.

Camel milk, n (%) Cow milk, n (%) Chi-square p-value
Mild anemia (10-10.9 g/dl) 27 (16.3) 30 (18.1) 0.19 0.66
Moderate anemia (7.0-9.9g/dl) 85(51.2) 66 (39.8) 4.38 0.03
Severe anemia (<7.0 g/dl) 18 (10.8) 31(18.7) 4.04 0.04

https://doi.org/10.1371/journal.pone.0247572.t1003
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Table 4. Comparison of factors among cow milk and camel milk consuming young children from pastoralist communities of the Somali Region, Ethiopia, 2018.

Age (mo)

Sex

Breast milk

Source of drinking water

Household waste disposal

Toilet facility

Family size
Number of camels

Number of cows

Volume of milk consumed

(ml)

Weight of children (kg)
Height of children (cm)
WAZ

HAZ

WHZ

Dietary diversity

TAll such values are % (n)

Camel milk consuming (n = 166),range, Cow milk consuming (n = 166),range, p-value
mean * sd mean + sd

6-59, 33.2+17.3 6-59, 33.4+17.0 0.91

female 59.4 (98) 53.3(89) | 0.639
male 40.6 (67) 46.7 (78)

yes 21.2 (35) 23.4(39) | 0.598

dug well 98.8 (164) 88.0 (146) | <0.001
bore hole 1.2 (2) 12.0 (20)

burn or bury 50.3(84) 22.8(38) | <0.001
dispose 49.1(82) 77.2(128)

everywhere

outdoors in nature 93.9(156) 98.2(163) | <0.001
pit latrine 6.1(10) 1.8(3)

3-12,5.8%2.5 3-12,5.3%£2.3 0.06

1-44, 6 [2,10]* 0-2,0.01+0.5 | <0.001

0-2,0.03+0.9 1-40, 2 [2,5] | <0.001

50-1800; 420.8+270.2 20-1150; 418.6+207 0.97

4-22;11.3+£3.6 3-22,11.2+4.2 0.82

50-115,87.2+14.9 58-124, 87.6+15.8 0.83

-5.7-4.2,-1.2 [-2.6,-0.3] -6.8-3.0; -1.4 [-2.9,-0.07] 0.14

-6.2-4.7,-1.2 [-2.3,-0.2] -6.6-4.6, -1.2 [-2.4,-0.07] 0.52

-5.6-4.5,-0.9 [-2.3,0.2] -6.3-5.0, -1.4 [-2.5,-0.3] 0.18

1-4,2.7+1.0 1-5,3.1+1.0 0.001

*such expressions are median [first quartile, third quartile].

https://doi.org/10.1371/journal.pone.0247572.1004

or more micronutrients mainly because their diet lacks diversification. Almost all (99.4%) of
the children in the present study had less than the minimum acceptable dietary diversity score.
Yet, compared to camel milk consuming children, cow milk consuming children had signifi-

cantly higher mean dietary diversity score. However, dietary diversity in the present study chil-

dren was not associated with hemoglobin concentration. Meat, fish, and organ meats are rich

in the bioavailable form of iron. In addition, these animal foods are good source of high-qual-

ity proteins with the capacity to enhance iron absorption from non-heme sources conse-

quently increasing blood hemoglobin concentrations [22-24]. Even though pastoralist

communities possess livestock and are known to rely on animal source foods for energy and

micronutrient intake [25], none of the present study children consumed eggs, meat and fish,

and organ meat 24 hr preceding the survey. However, a single 24-hour recall method of dietary

assessment suffers from recall bias and may not represent long term dietary patterns of the

study participants [26].

All three forms of undernutrition (underweight, stunting and wasting) were highly preva-
lent in both groups of the present study children. Similarly, the 2019 mini Ethiopian Demo-
graphic and Health Survey (EDHS) report shows that in the Somali region 31.7%, 30.5%,
21.1% of under five children are underweight, stunted and wasted while the national average
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Table 5. Association between child and household characteristics and low hemoglobin among young pastoralist children in the Somali Region, Ethiopia, 2018.

Variables
The child is breast-fed"

Source of drinking water for the household

Type of milk the child consumes

Household waste disposal

Toilet facility

Only children 6-24 mo old were considered.

https://doi.org/10.1371/journal.pone.0247572.t1005

n AOR [95%CI] p-value
No 17
Yes 74 1.3 [0.85, 1.99] 0.21
Dug well 310
Bore hole 22 1.4 [0.54, 2.36] 0.47
Camel milk 166
Cow milk 166 2.17 [1.39,3.37] 0.001
Burn or bury 122
Dispose everywhere 210 1.14 [0.76,1.73] 0.43
Outdoors in nature 319
Pit latrine 13 1.55 [0.40, 5.99] 0.52

for underweight is 21%, 7% wasting and 37% stunting. The Somali region has the highest wast-
ing and underweight prevalence [17]. Diarrheal disease, inappropriate breast feeding, and low
dietary diversification are the most common risk factors of child undernutrition in Somali
[27].

The present study children have almost homogenous individual and household characteris-
tics except that higher proportion of households of cow milk consuming children defecate out-
side in nature and dispose household wastes improperly. On the other hand, significantly
higher percentage of households of camel milk consuming children use unimproved sources
of drinking water. Lack of safe drinking water, poor hygiene and sanitary facilities expose chil-
dren to attack by pathogens causing infection that affect children’s capacity to respond to
nutrients and exacerbate nutrient losses through diarrhea and vomiting. This consequently
causes anemia in young children [28]. A study reported lack of sanitation access as a significant
risk factor for anemia in children [29]. On the other hand, WASH interventions were effective
to reducing the risk of anemia in Kenyan and Bangladeshi children [30]. In the present study,
children from households that dispose household wastes improperly had higher odds of ane-
mia in the bivariate binary logistic regression; however, the association was not significant
when other factors were considered.

Milk is a concentrated source of macro- and micronutrients important for promoting phys-
ical and cognitive development of children. In addition, it reduces child morbidity and mortal-
ity [31]. However, cow milk consumption may exposes infant and toddlers to the risk of iron
store depletion and low hemoglobin concentration. Several mechanisms linking cow milk con-
sumption with iron deficiency and anemia have been identified. The inherent low iron content
of cow milk, inducing intestinal bleeding in infants, and iron absorption inhibition effect of
calcium and casein in cow milk from non-heme sources are among the most important mech-
anism [32]. On the other hand, compared to cow milk, camel milk has higher iron and vitamin
C concentration but lower casein that favor iron store enhancement thus hemoglobin synthe-
sis [11, 13]. In the present study, the mean hemoglobin concentration in camel milk consum-
ing children was significantly higher than cow milk consuming children. However the overall
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percentage of anemia in cow milk and camel milk consuming children was similar. This may
suggest the benefit of consuming camel milk over cow milk for better hemoglobin concentra-
tion but not sufficient enough to ensure normal hemoglobin concentrations may be due to the
effect of other contributing factors.

It is difficult to link solely milk consumption and hemoglobin concentration in epidemio-
logical studies because several factors directly or indirectly affect the hemoglobin synthesis
process which were not captured in the present study including socio-economic status and
household food insecurity [33], presence of chronic disease [34], and parasitic infections [35,
36]. The deficiency of vitamins and mineral also contribute to low hemoglobin concentration.
For example, iron deficiency is assumed to account up to 37% all causes of anemia [37]. In
addition, the deficiency of other micronutrients such as zinc, vitamin A, folate, riboflavin are
notable causes of anemia [36].

Conclusion

In the present study, there was small but significant mean hemoglobin difference among
camel milk and cow milk consuming children. However, the overall anemia prevalence was
similar in both groups. This may indicate the importance of camel milk to increasing hemoglo-
bin concentration compared to cow milk in young children but not sufficient to overcome the
occurrence of anemia. This is because the etiology of low hemoglobin concentration is multi-
faceted especially in populations from resource poor settings thus further studies that show
cause effect relationship to see clear effect of camel milk on hemoglobin concentration are
important.
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