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Introduction: Camel milk, with its resemblance to human milk and therapeutic properties, has potential as a substitute/complementary food for infants. To commercialize camel milk and its products specifically for infants, this research was imperative to explore the knowledge, attitudes, and practices among mothers about the acceptance of camel milk and its products for babies (0–2 years old) in the United Arab Emirates (UAE).

Methods: Using convenience sampling, a bilingual structured questionnaire with Cronbach-alpha-tested reliability of 0.865 was completed by 502 mothers, both UAE Nationals and expatriates.

Results: Results showed an inadequate awareness about exclusive breastfeeding, with only 54.7% aware of its correct duration. However, most participants (59.8%) did not know if it was suitable for use in babies, and 76.1% were not aware of any health benefits associated with its use in babies. Based on a five-point Likert scale (from 0–4), mean score exceeding neutral score of 2 indicated mothers’ positive attitudes toward camel milk and its products: culturally acceptable (2.77) and acceptable to their babies (3.09). Moreover, the current practice of using camel milk as an alternative to human milk was not reported in those mothers who did not breastfeed their babies. Furthermore, mothers’ employment, lower birth order of the babies, mothers’ knowledge about camel milk use for babies, its use in complementary foods, and associated health benefits emerged as factors significantly influencing their decision to use camel milk, its infant formula, and products in complementary feeds for the 0–2 years old babies.

Discussion: Overall, promoting camel milk and its products as a sustainable nutritional alternative for 0–2 years old babies necessitates a multifaceted approach that includes raising awareness and fostering a positive attitude among mothers to support its acceptance. Future research should systematically explore consumer demand, maternal perceptions, and safety considerations, with a focus on establishing evidence-based guidelines for the appropriate use of camel milk products in early childhood nutrition.
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1 Introduction

Exclusive breastfeeding for the first 6 months of life is widely recommended due to its unparalleled nutritional and immunological benefits for infants (Dieterich et al., 2013; World Health Organization, and United Nations Children’s Fund, 2020; Meek et al., 2022). Human milk provides a complete source of nutrition tailored to an infant’s needs, containing an ideal balance of proteins, fats, carbohydrates, vitamins, and minerals that support healthy growth and development. Human milk not only meets essential nutrient requirements but also provides antimicrobial, anti-inflammatory, and immunoregulatory components that support immune system development (Meek et al., 2022; Szyller et al., 2024). In the absence of human milk, particularly under circumstances where breastfeeding is not possible due to medical conditions, maternal health concerns, or logistical barriers, alternative feeding options must be considered to ensure infants receive adequate nutrition (Tomori, 2022).

Infant formulas serve as a crucial alternative when breastfeeding is not possible or insufficient, ensuring proper nutrition for infants (Baker and Merritt, 2022). However, their use may lead to potential side effects, particularly in relation to allergies. Early introduction of complementary foods and human milk substitutes before the age of 4–6 months has frequently been linked to an increased risk of food hypersensitivities and other allergic conditions in infants (Vandenplas et al., 2014; Mathias et al., 2019; Wong, 2024). Cow’s milk-based formulas, the most common type, is known to trigger cow’s milk protein allergy (CMPA) in some infants (Edwards and Younus, 2024). Similarly, soy-based formulas, often used as an alternative, may also cause allergies in sensitive infants (Merritt and Jenks, 2004). The risk of developing food allergies later in life is higher in formula-fed infants compared to those exclusively breastfed (Zong et al., 2020). Additionally, the absence of certain immune-boosting components found in breast milk may leave formula-fed infants more susceptible to infections (Shamsia, 2009; Barile and Rastall, 2013). While modern formulas are designed to closely mimic breast milk, they cannot fully replicate its complex composition and adaptive nature, potentially impacting the infant’s gut microbiome and immune system development (Bode, 2015). Therefore, careful consideration and medical guidance are essential when choosing and using infant formulas, especially for infants with a family history of allergies (Koletzko et al., 2012; Vandenplas et al., 2014).

As a result, many infants rely on hypoallergenic formulae, which are specially designed for babies who are allergic to or cannot tolerate standard cow’s milk-based formulas. These formulas contain partially or extensively hydrolysed proteins to minimize allergenic reactions (Koletzko et al., 2012). While hypoallergenic formulas offer substantial benefits for allergic infants, they are associated with certain limitations, such as, they do not replicate the complex immunological properties of breast milk, reduced palatability, high production costs causing financial burden for some families, and some infants can still be allergic to residual protein fragments (American Academy of Pediatrics, 2000; Koletzko et al., 2012; Vandenplas et al., 2014; Zibaee et al., 2015).

These limitations underscore the importance of ongoing research and development of naturally hypoallergenic, nutritionally complete, palatable, affordable, and sustainable infant formula. In line with this, redirecting research efforts toward naturally hypoallergenic sources may lead to the development of more affordable, palatable, and nutritionally balanced alternatives (Nayak et al., 2020). Such sources may include specific plant-based proteins or hypoallergenic animal milk varieties that require minimal processing (EFSA Panel on Dietetic Products and Allergies, 2012; Rubino et al., 2014; Le Roux et al., 2020). This approach could potentially preserve more natural nutrients and bioactive compounds, thereby improving both the nutritional value and acceptability of hypoallergenic options for infants with allergies or intolerance.

In this quest for hypoallergenic alternatives to cow milk, goat and camel milk, have sparked the interest of the scientific community (Nayak et al., 2020; Muthukumaran et al., 2022). These alternative milk sources have unique compositional characteristics and contain bioactive compounds that may contribute to reduced allergenic responses in sensitive individuals. Goat milk, for instance, possesses several distinct features that set it apart from cow’s milk (Albenzio et al., 2012). One of the most notable differences is the size of its fat globules, which are significantly smaller than those found in cow’s milk (Zhao et al., 2022). This structural difference may contribute to improved digestibility, as the smaller fat globules are more easily broken down by digestive enzymes. Additionally, goat milk has a different casein profile compared to cow’s milk, with a higher proportion of β-casein and lower levels of αs1-casein (Xiao et al., 2023). This altered protein composition may result in the formation of softer curds in the stomach, potentially reducing the likelihood of allergic reactions and improving overall digestibility. Similarly, camel milk has attracted recent interest for its potential in managing milk allergies, owing to its distinctive protein profile (Al-Ayadhi and Elamin, 2013; Rubino et al., 2014; Zibaee et al., 2015). Unlike cow’s milk, camel milk lacks the allergenic protein β-lactoglobulin and has a higher proportion of β-casein (65%), which facilitates easier digestion (Konuspayeva et al., 2009; Nayak et al., 2020; Muthukumaran et al., 2022; Zou et al., 2022). Additionally, camel milk is reported to have immune-protective properties, with approximately five times the immunoglobulin content of cow’s milk (Konuspayeva et al., 2007). A recent study highlights camel milk’s suitability for newborn consumption, attributing its benefits to a high water content, unsaturated fatty acids, and vitamin C, as well as its lower lactose and fat content (Algaithi et al., 2022; Mudgil et al., 2022; Zou et al., 2022). Moreover, camel milk contains higher levels of lactoferrin, lysozyme, and vitamin C than cow’s milk, making it a promising alternative for hypoallergenic infant formula (Ali Redha et al., 2022). Its production also requires fewer resources, making it a sustainable solution in regions facing climate-related water scarcity challenges (Chikha and Faye, 2025).

The United Arab Emirates (UAE) is well-positioned to capitalize on the benefits of camel milk, given its strong cultural significance, easy accessibility, and established camel farming industry (Nagy and Juhasz, 2016; Ismail et al., 2022). Further, the COVID-19 pandemic has highlighted concerns regarding food security, sustainable production, and the need to minimize carbon footprints, leading to a growing interest in local products that are responsibly produced and support sustainable agriculture (Nagy et al., 2022). These concerns align with the United Nations Sustainable Development Goals (SDGs), particularly SDG 2 (“Zero Hunger”) and SDG 3 (“Good Health and Well-being”), which emphasize the importance of food security, improved nutrition, and reduced childhood mortality (Gil et al., 2019). Given that the UAE relies on imports for 80–90% of its food supply, there is an urgent need to explore self-sustaining indigenous food production solutions (Pirani and Arafat, 2016; Sundarakani and Ghouse, 2024). Therefore, promoting indigenous, nutrient-rich dietary options, such as camel milk, may support both public health and cultural sustainability.

However, the UAE’s rapid economic and social development has led to dietary transitions, with an increasing reliance on commercialized foods of various ethnic origins (Al Sabbah et al., 2023). Despite being the second-largest producer of camel milk in the Middle East after Saudi Arabia, consumer demand remains limited (Konuspayeva and Faye, 2021; Ismail et al., 2022). A recent study in the UAE reported that only a quarter of adults consume camel milk regularly (Ismail et al., 2022).

Expanding the commercialization of camel milk and locally produced camel milk-based infant formula holds significant potential to enhance national food security and promote infant and paediatric health (Ait El Alia et al., 2025; Chikha and Faye, 2025). However, understanding consumer perceptions is a prerequisite to the successful commercialization of any product. This study therefore explored the knowledge, attitudes, and practices (KAP) of mothers regarding the acceptance of camel milk and its products for babies (0–2 years old) in the UAE.



2 Materials and methods


2.1 Ethical approval

The research protocol was approved by the UAE University (UAEU) Social Sciences Ethics Committee (ERS_2021_8428), in accordance with legal requirements related to ethical principles of research with human participants (Declaration of Helsinki and Belmont Report). All participants provided electronic consent to participate, prior to completing the online survey.



2.2 Study design and participants

This was an observational study with a cross-sectional research design. Data collection took place between January 2022 and March 2022. To elicit information about KAP related to camel milk and its products for 0–2 years old babies, a sample size of 640 mothers from the UAE population was estimated based on the sample size calculation with a 5% margin of error and 95% confidence interval, and a response rate of 60%. Considering the targeted age-group, convenience sampling method was adopted. A total of 584 mothers originally responded. However, after removing the data of those mothers (n = 82) who either did not complete the questionnaire or had erroneous information, data for 502 mothers were used for analysis.



2.3 Questionnaire

A structured bilingual questionnaire was developed for ease of understanding by the participants. The questionnaire was divided into five sections: (1) socio-demographic information of mothers and their babies, including age, nationality, education, employment, number of children, and baby’s age, sex, birth order, and medical conditions (9 items); (2) mothers’ knowledge about infant feeding practices, such as ideal newborn nutrition, exclusive breastfeeding duration, camel milk use, timing of its introduction, and perceived health benefits (7 items); (3) attitudes toward feeding options, including factors influencing camel milk use, preferred sources and forms, and purchasing considerations for camel milk formula (5 items); (4) actual feeding practices, covering breastfeeding status, alternatives used, and reasons for choosing them (3 items); and (5) perceptions of camel milk’s potential contribution to food security in the UAE (2 items).

Knowledge domain items included either binary (Yes/No), or multiple options with one being the most appropriate response. Each of these items were interpreted in the text of the results section in terms of their frequency distribution (N and/or %) for correct awareness. No scoring method was used to calculate their overall knowledge score.

Attitude domain items were evaluated using a five-point Likert scale from 0 to 4. Point 2 was considered as the neutral score. The mean score for each item above the neutral score of 2 indicated a positive attitude. To elaborate,

	i. Likert Scale options: Never (0), Rarely (1), Sometimes (2), Often (3), Always (4) were consistently applied to the following items:

	-Which of the following milk alternatives you would consider using if you were not able to breastfeed your baby exclusively or partially?

	-Which of the following sources of camel milk would you prefer?

	-What form would you include camel milk in the diet of your baby?




	ii. Likert Scale options: Not important (0), Slightly important (1), Moderately important (2), Important (3), Very important (4) were consistently applied to the following items:

	-How the factors listed would influence your above decision?

	-How the following factors will affect your choice when buying an infant formula made from camel milk?






Practice domain items included either binary (Yes/No), or multiple options. Each of these items were interpreted in the text of the results section in terms of their frequency distribution (N and/or %) for the mothers’ practices.

The bilingual questionnaire was developed through the standard protocol. The forward and backward translations, conducted by native English and Arabic-speaking experts, were reviewed by five subject-matter experts to assess content validity in terms of relevance and clarity. Based on their feedback, the research team made minor adjustments to ensure conceptual and linguistic equivalence. The revised version was pilot-tested with 10 mothers before finalization. The individual and scale content validity indices ranged between 0.8–1.0 for both- relevance and clarity. The Cronbach’s alpha value of 0.865 indicated excellent internal consistency of the questionnaire.



2.4 Statistical analysis

Data was statistically analyzed using IBM SPSS Statistics version 28 (SPSS Inc., Chicago, IL, United States). Categorical variables for socio-demographic characteristics, knowledge, practices, and perceptions regarding camel milk in promoting food security were expressed in frequencies and percentages. The Wilcoxon Signed Rank Test was used to analyze the attitudes of mothers. This test aimed to determine if the mean score for each option and the average score per question exceeded the neutral score of 2 (Sometimes) or was less than 2 (Never/Rarely) on a scale ranging from 0 (Never) to 4 (Always), as an example. The logistic regression analysis was performed for the use of camel milk-based infant formula on characteristics of participants, mothers’ knowledge, and attitudes about feeding 0-2-year-old babies. Statistical significance was tested at the 0.05 level of significance.




3 Results


3.1 Socio-demographic characteristics of participants

Table 1 shows that the majority of the participants were UAE nationals (80.3%). The mean age of the mothers was 31.03 ± 6.7 years, with almost equal distribution in the age groups of 18–30 years and 31 or above years. Mostly, mothers had completed high school education or a university degree program (97.4%), and almost equal proportions of the mothers were either housewives (41.2%) or employed (40.1%), the remaining 15.3% were students, and 3.4% were retired. Nearly 59.0% of mothers were reported to have 1–2 children during the study period, whereas 41.0% had 3–6 children.


TABLE 1 Characteristics of participants (N = 502).


	Variable
	Description
	N
	%

 

 	Mothers’ characteristics


 	Nationality 	UAE National 	403 	80.3


 	Arab (non-UAE) 	56 	11.2


 	Others 	43 	8.5


 	Age (years) 	18–30 	178 	35.5


 	31 and above 	179 	35.7


 	Prefer to not report 	145 	28.8


 	Highest education level 	No formal education 	7 	1.4


 	Primary school (up to Grade 5) 	3 	0.6


 	Middle school (up to Grade 9) 	3 	0.6


 	High school/Bachelor’s degree 	417 	83.1


 	MSc/PhD/Professional degree 	72 	14.3


 	Employment status 	Student 	77 	15.3


 	Housewife 	207 	41.2


 	Unemployed/Retired 	17 	3.4


 	Employed (Private/Public) 	201 	40.1


 	Total of children 	1 	183 	36.5


 	2 	113 	22.5


 	3 	80 	15.9


 	4 	55 	10.9


 	5 	42 	8.4


 	6 	29 	5.8


 	Babies’ characteristics


 	Age (months) 	Below 6 	54 	10.8


 	6 – 12 	85 	16.9


 	>12 	238 	47.4


 	Not reported 	125 	24.9


 	Birth order of the baby 	1st (eldest) 	285 	56.8


 	2nd 	12 	2.4


 	3rd 	80 	15.9


 	4th 	60 	12


 	Other 	65 	12.9


 	Sex of baby 	Male 	289 	57.6


 	Female 	213 	42.4


 	Medical condition* 	Neuro-developmental delay 	9 	1.8


 	Physical disability 	2 	0.4


 	Feeding difficulties 	6 	1.2


 	Food allergy 	32 	6.4


 	Cow milk allergy 	17 	3.4


 	No medical condition 	442 	88.2


 	Other 	6 	1.2





*Percentage exceeds 100% because of multiple responses.
 

Table 1 also presents the characteristics of babies. Mothers had their last babies either in the age group of 0–12 months (36.8%) or above 12 months (47.4%), although nearly one-fourth of the mothers did not report the age of their babies. Nearly 57% of the 0–2 years old babies were the 1st born to these mothers. More mothers of male (57.6%) than female babies (42.4%) responded to the questionnaire. Most of the babies were not reported to have a diagnosed medical condition (88.2%). However, some mothers reported medically diagnosed conditions in their babies, including food allergies (6.4%) and cow’s milk allergy (3.4%), neuro-developmental delays (1.8%), physical disabilities (0.4%), or other medical conditions not specified by the mothers (1.2%).



3.2 Mothers’ knowledge about feeding 0–2 years old babies

Table 2 illustrates the mothers’ knowledge regarding the feeding of 0–2 years old babies. The first question inquired about the optimal feeding for newborns, with the majority of respondents (95.6%) indicating that human milk is the best choice. The remaining 4.4% of mothers reported alternative options, including specialized/infant formula, and a combination of human milk and infant formula as the best feed for the young babies.


TABLE 2 Mothers’ knowledge about feeding 0–2 years babies (N = 502).


	Knowledge question
	Response
	N
	%

 

 	What is the best food for a newborn? 	Human milk 	480 	95.6


 	Others 	22 	4.4


 	Have you heard of ‘exclusive breastfeeding’? 	No 	321 	63.9


 	Yes 	181 	36.1


 	What should be the duration for exclusive breastfeeding? (n = 181) 	Up to 4 months 	15 	8.3


 	Approximately 6 months 	99 	54.7


 	>6–9 months 	44 	24.3


 	No response 	23 	12.7


 	Can camel milk be used for babies? 	No 	300 	59.8


 	Yes 	202 	40.2


 	At what age can camel milk be introduced? (n = 202) 	<6 months 	8 	4.0


 	6–12 months 	68 	33.7


 	>12 months 	126 	62.3


 	Can camel milk be used in complementary baby foods? 	No 	194 	38.6


 	Yes 	308 	61.4


 	Are you aware of the health benefits of camel milk for babies aged 0–2 years? 	No 	382 	76.1


 	Yes 	120 	23.9




 

An inadequate awareness level was evident among the mothers for ‘exclusive breastfeeding’, reflected in only 36.1% of mothers, in contrast to 63.9% who knew of ‘exclusive breastfeeding’. From those who had heard (n = 181) of the term, more than half (54.7%) correctly responded that the duration of exclusive breastfeeding should be for approximately 6 months. However, about one-fourth of them (n = 44) considered it to be for 6–9 months, 8.3% for less than 4 months, and 12.7% of the mothers did not respond.

Mixed responses were obtained regarding the mothers’ awareness of using camel milk for babies. Approximately 40.2% (n = 202) of the total respondents considered it suitable, with differing views regarding the recommended age for its introduction to babies. The majority of these mothers (62.3%) believed that camel milk could be introduced only after 12 months of age, followed by 33.7% mothers who considered the appropriate age for introducing camel milk between 6 and 12 months, and a small proportion (4.0%) believed it could be introduced before 6 months. Moreover, out of the 502 mothers, 61.4% of the respondents reported camel milk could be used in complementary baby foods. However, only 23.9% of the total participating mothers were aware of any health benefits of camel milk for babies aged 0–2 years, indicating low awareness among mothers about the importance of camel milk for 0–2 years old babies.



3.3 Mothers’ attitudes toward feeding 0–2 years old babies

Table 3 presents the attitudes of mothers toward feeding options for 0–2 years old babies. The first question was about the mothers’ views on different milk alternatives if they were not able to exclusively breastfeed their babies. As evident, a mean score of 2.88 and test value of 13.65 (p < 0.001) indicated that mothers had a positive view and significant likelihood of using infant formula as a milk alternative. On the other hand, mothers expressed an unfavorable view and less likelihood of using cow’s milk or camel milk as milk alternatives for 0–2 years old babies. Further, the overall mean score of 1.95 for all milk alternative options indicated that mothers had a generally negative view of milk alternatives as a replacement for human milk, although this trend was not statistically significant (t = −1.37; p = 0.085).


TABLE 3 Mothers’ attitudes toward feeding options for 0–2 years old babies (N = 502).


	Question
	Choices
	Mean
	Test value
	p- value

 

 	Which of the following milk alternatives would you consider using if you were not able to exclusively breastfeed your baby? 	Infant formula 	2.88 	13.65 	<0.001*


 	Cow’s milk 	1.68 	−6.23 	<0.001*


 	Camel milk 	1.29 	−12.16 	<0.001*


 	Average 	1.95 	−1.37 	0.085


 	Factors influencing decision to use camel milk 	Cost 	2.11 	2.10 	0.036*


 	Readily available 	3.02 	18.45 	<0.001*


 	Culturally acceptable 	2.77 	14.38 	<0.001*


 	Acceptable to my baby 	3.09 	18.47 	<0.001*


 	Average 	2.75 	17.58 	<0.001*


 	Preferred sources of camel milk 	Sourced directly from a camel farm, in its untreated state 	1.83 	−3.61 	<0.001*


 	Sourced from a department store after being pasteurized 	2.77 	15.37 	<0.001*


 	Both options 	1.99 	−0.41 	0.680


 	Average 	2.20 	8.05 	<0.001*


 	Forms of including camel milk in the diet of the baby 	Camel milk itself 	2.17 	4.40 	<0.001*


 	Camel milk in a powder form 	2.11 	3.42 	0.001*


 	Camel milk as a ready-to-use formula 	2.75 	14.76 	<0.001*


 	Average 	2.34 	13.59 	<0.001*


 	Factors influencing mothers’ choice when buying camel milk infant formula 	Age of baby 	2.97 	11.03 	<0.000*


 	Influence from family members/friends 	2.25 	3.35 	0.001*


 	The nutrition profile of the camel milk infant formula 	3.18 	12.32 	<0.001*


 	The cost of the camel milk infant formula 	2.69 	8.66 	<0.001*


 	The ease of use of the camel milk infant formula 	2.85 	10.56 	<0.001*


 	The fact that infant formula is made from a cultural food 	2.75 	9.51 	<0.001*


 	An associated health reason 	3.11 	12.09 	<0.001*


 	Breastfeeding is not possible 	2.90 	10.93 	<0.001*


 	Sensory attributes (taste, smell etc.) 	2.86 	10.51 	<0.001*


 	The camel milk infant formula is easily available 	2.93 	10.93 	<0.001*


 	There is trust in use of the camel milk infant formula 	3.12 	12.27 	<0.001*


 	Average 	2.88 	12.96 	<0.001*





*The variable is statistically significant at the 0.05 level of significance. Values in Bold depict the averages for the choices under each question asked for mothers’ attitudes.
 

The four factors selected in the study were considered to significantly influence the decisions of mothers for using camel milk for their babies, with mean scores above 2 and p-values <0.001. The factor “Acceptable to my baby” had the strongest preference for responses above 2, followed by being “Readily available,” “Culturally acceptable,” and finally “Cost”.

The mothers significantly preferred sourcing camel milk from a departmental store after pasteurization, with a mean value of 2.77 (t = 15.37; p < 0.001). In contrast, sourcing directly from a camel farm in an untreated state was significantly less preferred with a (mean value of 1.83; t = −3.61; p < 0.001).

Mothers were asked about their likelihood of including camel milk in a baby’s diet in three different forms: camel milk itself, camel milk in a powder form, or camel milk as a ready-to-use formula. Camel milk in a ready-to-use formula was significantly more preferred with a (mean value of 2.75 t = 14.76; p < 0.001), followed by camel milk itself (mean value of 2.17; t = 4.40; p < 0.001), and lastly in powder form (mean value of 2.11; t = 3.42; p = 0.001). The average mean value of 2.34 (t = 13.59; p < 0.001) indicated a preference for including camel milk in a baby’s diet in any form.

Regarding the factors influencing the choice of mothers for buying specifically camel milk infant formula, all 11 factors were significantly favorably responded by the mothers with mean values above 2. The strongest preferences for factors with the highest mean responses above 2, test values, and p-values were less than 0.001: “The nutrition profile of the camel milk infant formula,” “There is trust in use of the camel milk infant formula,” and “An associated health reason”.



3.4 Mothers’ practices toward feeding 0–2 years old babies

Table 4 provides a summary of survey responses related to the feeding practices adopted by the mothers for their 0–2 years old babies. A large majority of mothers (88.8%) reported breastfeeding their babies. Among the 11.2% (n = 56) who did not, the most commonly used alternative was infant formula (83.9%), followed by unspecified types of milk other than cow’s milk (10.7%), and cow’s milk (5.4%). Only 28.6% of mothers consulted medical professionals in contrast to 64.3% who relied on the advice of others, such as family members/friends, articles, and social media.


TABLE 4 Mothers’ practices toward feeding 0–2 years babies.


	Practice question
	Response
	N
	%

 

 	Breastfeeding the baby (n = 502) 	No 	56 	11.2


 	Yes 	446 	88.8


 	Choice of human milk alternative (n = 56) 	Infant formula 	47 	83.9


 	Cow’s milk 	3 	5.4


 	Other milk sources 	6 	10.7


 	Who influenced you to choose an alternative? (n = 56) 	Medical professional 	16 	28.6


 	Others 	36 	64.3


 	No response 	4 	7.1




 



3.5 Camel milk and food security

Mothers were asked about their perceptions of the use of camel milk in addressing food security challenges in the context of the UAE. Figure 1 shows that the majority (85.7%) of the mothers believed that camel milk can favorably contribute to the country’s food security, attributed to several reasons by mothers, mainly because camel milk is a “Local ingredient” (66.0%), followed by its “Nutritional content” (60.2%), being “Culturally acceptable” (57.2%), “Readily available” (57.0%) and “Easily accessible,” (52.1%).

[image: Bar and line graph showing survey responses about camel milk’s contribution to UAE food security. First set of bars indicate majority over 400 responses, with “Yes” for agreement. Influencing factors in second set of bars include local ingredient, nutritional content, cultural acceptance, availability, accessibility, and other. The line represents the percentage response, peaking with “local ingredient” and declining towards “Other”.]

FIGURE 1
 Perceptions of mothers in using camel milk for promoting UAE food security (n = 502). *Total percentage for each question exceeds 100% because of multiple responses.




3.6 Logistic regression analysis for the use of camel milk or infant formula on characteristics of participants, mothers’ knowledge and attitudes about feeding 0–2 years old babies

The logistic regression model goodness-of-fit was evaluated using several criteria. First, the initial classification results without any independent variables included in the model equal 52%, which is the percentage of participants who did not consider camel milk or infant formula. After including independent variables in the logistic regression model, the overall percentage of correctly classified participants in both categories is 80.7%. This accuracy rate is greater than the proportional by chance accuracy criteria of 80.7% (1.25 × 50.1% = 62.6%), indicating that the criteria for classification accuracy are satisfied.

Second, the logistic analysis reveals that the probability of the block chi-square (248.27) was p-value < 0.001, reflecting that the relationship between the independent variables and the dependent variable was supported. Finally, the Nagelkerke R2 method shows that 52.0% of the variation in the dependent variable “Consider using camel milk-based formula” is explained by the independent variables included in the model. All of these criteria provide sufficient evidence to conclude that the model is a good fit.

The logistic regression analysis for the use of camel milk or infant formula made from camel milk on characteristics of participants and mothers’ knowledge and attitudes about feeding 0–2 years old babies is presented in Table 5. Among the variables examined, nationality, sex of babies, number of children, and preferred sources of camel milk were not statistically significant (p > 0.05). On the other hand, mothers’ employment, birth order of the 0–2 years old babies, mothers’ knowledge if camel milk can be used for the babies, camel milk use in complementary foods, knowledge of health benefits associated with camel milk, their views on factors influencing their decision for using camel milk-based infant formula and including camel milk in the complementary feeds of the babies were highly statistically significant (p < 0.05). The details of the significant results are given below.


TABLE 5 The logistic regression analysis for the use of camel milk-based formula on characteristics of participants, mothers’ knowledge and attitudes about feeding 0–2 years old babies (N = 502).


	Variables
	B
	S. E.
	Wald
	p-value
	Exp(B)

 

 	Nationality 	0.530 	0.308 	2.965 	0.085 	1.699


 	Mothers’ employment 	−0.495 	0.243 	4.153 	0.042* 	0.610


 	Sex of babies 	0.037 	0.246 	0.023 	0.879 	1.038


 	Number of children 	1.101 	0.670 	2.698 	0.101 	3.006


 	Birth order of 0–2 years old babies 	−1.397 	0.670 	4.347 	0.037* 	0.247


 	Camel milk use 	−1.447 	0.290 	24.858 	<0.001* 	0.235


 	Camel milk in Complementary foods 	0.974 	0.289 	11.359 	0.001* 	2.647


 	Health benefits of camel milk 	1.445 	0.326 	19.659 	<0.001* 	4.243


 	Factors influencing decision mothers to choose camel milk 	−3.426 	0.654 	27.476 	<0.001* 	0.033


 	Preferred sources of camel milk 	−0.363 	0.626 	0.335 	0.563 	0.696


 	Including camel milk in the diet of the baby 	3.177 	0.611 	27.001 	<0.001* 	23.965


 	Constant 	1.244 	0.642 	3.750 	0.053 	3.469





*The variable is statistically significant at the 0.05 level of significance.
 

Mothers’ employment had an exponential coefficient of 0.61 (p = 0.042), indicating that employed mothers were 0.61 times less likely to consider camel milk or infant formula compared to unemployed mothers.

In contrast, the birth order of 0–2 years old babies had an exponential coefficient of 0.247 (p-value = 0.037), suggesting that participants with 1–2 birth orders of the babies were 0.247 times less likely to consider camel milk or infant formula compared to those with a higher birth order of children.

Mothers’ knowledge about the use of camel milk for babies had a significant impact on the likelihood of considering camel milk or infant formula. Mothers who were not aware had an exponential coefficient of 0.235 (p < 0.001), implying that they were 0.235 times less likely to consider camel milk or infant formula compared to those who were aware of it. In contrast, those who perceived that camel milk can be used as part of complementary foods had an exponential coefficient of 2.647 (p = 0.001), indicating that they were 2.647 times more likely to consider camel milk or infant formula compared to those who did not.

Knowledge of health benefits associated with giving camel milk to babies had an exponential coefficient of 4.243 (p < 0.001), indicating that mothers who associated benefits with the consumption of camel milk or its formula were 4.243 times more likely to have the outcome compared to those who did not.

The average of factors influencing the mothers’ attitudes toward feeding 0–2 years old babies, such as cost, availability, cultural acceptability, and acceptability to their babies, had a significant impact on whether they considered using camel milk or formula as a substitute or complement to breastfeeding. The exponential coefficient of 0.033 (p < 0.001) indicates that the mothers were 0.033 times less likely to consider these influencing factors when deciding to use camel milk or infant formula.

Furthermore, the average of factors related to including camel milk in the baby’s diet, such as the cost of camel milk itself, in a powder form, or as a ready-to-use formula, had a significant impact on mothers’ decision to consider camel milk or formula. The Exponential coefficient of 23.965 (p < 0.001) indicates that the mothers were 23.97 times more likely to consider including camel milk in their babies’ diet when deciding to use camel milk or infant formula.




4 Discussion

To the best of our knowledge, the present study is one among the first to assess the knowledge, attitudes, and practices among mothers about the acceptance of camel milk and its products for babies (0–2 years old) in the UAE. Overall, the mothers exhibited inadequate knowledge about exclusive breastfeeding, and health benefits of camel milk for 0–2 years old babies, and generally regarded camel milk and its products as unsuitable for infants. Moreover, the current practice of using camel milk as an alternative to human milk was not reported in those mothers who did not breastfeed their babies. Furthermore, mothers’ employment, lower birth order of the babies, mothers’ knowledge about the camel milk use for babies, its use in complementary foods, and associated health benefits emerged as factors significantly influencing their decision for using camel milk, its infant formula, and products in complementary feeds for the 0–2 years old babies.

Camels hold importance to the desert’s ecological system, and their milk contributes to the nutritional needs of those living in arid and semi-arid regions (Shori, 2012). The socioeconomic significance of camel milk has extended to other countries where camels are not a conventional part of the food system, evident in increased global production by 5-fold in the past 60-year period (Mohan et al., 2020; Nagy et al., 2022). Nonetheless, high availability of camel milk in the market is not aligned with its consumption, as recently reported among UAE adults (Ismail et al., 2022). Further, the camel milk products and formula targeting infants are not popular in the UAE market.

It is well-established that human milk is the gold-standard for infant nutrition, providing benefits beyond somatic growth, such as improved cognitive development, chronic disease prevention, and the development and maturation of the immune system (Binns et al., 2016; Martin et al., 2016). However, breastfeeding may not always be possible or solely adequate; in fact, globally, 38% of the infants are exclusively breastfed, making infant formula a necessary and effective substitute (Martin et al., 2016). It is expected that the infant formula market will continue to rapidly expand, with annual growth rates of 7–9%, further boosting the manufacturing of more innovative products with ingredients that confer safety and additional health benefits (Martin et al., 2016; Ahern et al., 2019).

In 2018, a UAE-based company was the first to launch a camel milk formula targeted for children aged 1–3 years, as an alternative for those with CMPA (Cornall, 2018). However, later it was discontinued owing to lesser demand. Additionally, researchers from the UAE have developed and investigated the in-vitro effects of a camel milk-based infant formula and concluded its viability as an option for formulating infant formulas (Algaithi et al., 2022; Mudgil et al., 2022). The present study was therefore conducted to assess the mothers’ knowledge, attitudes, and practices for the acceptability of camel milk and its products for babies’ 0–2 years old babies in the UAE, the findings of which would lay the foundation for investigating the consumer need for commercializing the camel milk-based formula, and its products for infants.

We observed a widespread awareness (95.6%) regarding human milk as the best feed for a baby after birth, and 88.8% of the mothers reported breastfeeding/having breastfed their 0–2 years old babies. On the contrary, a much smaller proportion of mothers (36.1%) had heard about the term exclusive breastfeeding, of whom a little above half (54.7%) correctly responded to a duration of approximately 6 months for exclusive breastfeeding. A systematic review reported an average of 70.9% (3.1 to 100%) of mothers correctly defining exclusive breastfeeding, being commonly misunderstood as not mixing two milks, not offering human milk, and/or the use of water during exclusive breastfeeding (Still et al., 2017). A high rate of initiation of breastfeeding (98%) with only 25% rate of exclusive breastfeeding was earlier reported in the UAE (Radwan, 2013). Data from the Gulf Cooperation Council (GCC) countries also showed that exclusive breastfeeding practices were suboptimal in the region and supplementing breastfeeding with other forms of nutrition was commonly practiced, sometimes as early as the first month of life (Al-Nuaimi et al., 2017). This creates a need to offer safe, sustainable, and viable infant milk alternatives for those mothers who are either not able to or not willing to (knowingly or unknowingly) exclusively breastfeed their young infants.

Secondly, our results indicate that camel milk and its products were generally viewed as unsuitable for babies (59.8%), with the majority (62.3%) supporting its introduction after the first year of life. Participants may have attributed it to the nutritional advice of not introducing cow’s milk before 12 months due to its unsuitability to the infant’s intestines (Bennett et al., 2014; Busnel et al., 2023). However, camel milk can be modified to serve as an alternative infant formula (Algaithi et al., 2022; Mudgil et al., 2022), although further research is required to validate the age and safety of its introduction to 0–2 years old babies. Additionally, nearly three-fourths (76.1%) of our participants were not aware of the health benefits of camel milk and identified key influencing factors to the decision of using camel milk for 0–2 years old babies, including its acceptability for the baby, cost, nutritional profile, associated health benefits, trust in the use of the formula, ready availability, and cultural acceptability.

Demand for camel milk may not be solely driven by the perspective of its use as a food source, as options are already available and accepted in the global market. However, its medicinal value has resulted in a greater willingness to try such products (Mohan et al., 2020). Therefore, awareness of the benefits of the product would be of significance to its acceptability. As mentioned earlier, our results showed a low level of awareness in less than one-fourth of the mothers about the benefits of camel milk for babies 0–2 years old.

Nonetheless, the nutritional profile and associated health benefits of camel milk were ranked highly among the reasons influencing the mothers’ choice for their babies. Similarly, nutritional values and medicinal properties were identified as the top drivers of its consumption among adults in the UAE (Ismail et al., 2022). Further, a study in Kenya showed that camel milk demand was driven by the perceived high nutritional profile, followed by the belief of its superior medicinal properties (Akweya et al., 2012). Our results showed that knowledge of health benefits was associated with a significant 4.2-fold increase in considering camel milk for 0–2 years old babies. Increasing knowledge about the beneficial effects of camel milk was shown to establish demand, and low levels of knowledge may lead to consumers perceiving a risk with buying and using this product (Emukule et al., 2011). Specifically, in a market where more participants are satisfied and not actively searching for an alternative, they need to be convinced of the added health benefits to consider the option of camel milk (Profeta et al., 2022).

This cultural acceptability of camel milk was reflected in our study, as UAE citizens are significantly more likely to consider camel milk. A factor that may influence its acceptability in the region may stem from more religious beliefs and adherence to religious practices, as camel milk is mentioned with its medicinal value in the Quran and sayings from Prophet Muhammad ﷺ (Galali and Al-Dmoor, 2019). Practically, however, it was reportedly consumed in about a quarter of the households and mainly by adults, and rarely given to infants and children in the UAE (Ismail et al., 2022). In another study on school children from grades 4–6 in the UAE, only 9.6% reported drinking camel milk, in comparison to 93.2% who consumed cow’s milk. However, this study was conducted before camel milk was commercially available (Hashim, 2002). Findings from focus groups conducted in non-camel milk producing countries showed that participants were willing to try camel milk despite its unfamiliarity, because of its plausible health characteristics (Profeta et al., 2022).

In our study, the availability of camel milk and in a ready-to-use formula were reported to positively influence the decision to use it. Channels that have been found to increase accessibility and awareness of the availability of these products include supermarkets, cafes, family and friend recommendations, health professionals, and social media advertising (Profeta et al., 2022). The use of multiple channels is recommended as our study found only a small proportion of mothers consulted medical professionals for human milk alternatives, while the majority relied on other sources, including family/friends, social media, and articles.

Mothers reported “acceptable to my baby” as one of the strongest factors affecting their preference for camel milk for their 0–2 years old babies. As infants’ acceptance is critical in decision-making, some negative attributes reported in camel milk include a fatty mouthfeel, aftertaste, saltiness, astringency, fishy flavor and sourness while infant formula with a rich aroma and sweet flavor was considered better accepted (Fleischer et al., 2016; Fazzino and Kong, 2023).

Another important criterion was the source of the camel milk. Our respondents showed a higher preference for pasteurized camel milk, sourced from departmental stores, and had an overall negative attitude toward milk sourced directly from a camel farm. In contrast, a recent UAE survey findings revealed that the adults showed a greater likelihood of obtaining camel milk from a family farm (51.4%) compared to a supermarket (36.4%), possibly due to its affordability and convenience, followed by the farmers’ market (12.1%) (Ismail et al., 2022; Nagy et al., 2022). Although the reason behind the mothers’ preference warrants further investigation, it is plausible that this stemmed from the fact that the question was directed toward newborns and infants, raising concerns about food safety in mothers’ minds.

A social factor influencing the decision was the baby’s birth order. Mothers with children with 1–2 birth orders were less likely to report considering camel milk for their young babies. This factor was not previously studied, but prior breastfeeding experience influenced the mothers’ breastfeeding self-efficacy, and exclusive breastfeeding practices for longer durations (Kramer and Kakuma, 2012). However, first-time mothers reported more breastfeeding problems and were more anxious about insufficient feed intake (Hines et al., 2022; Oktarianita et al., 2024). Additionally, a United States of America national survey showed that mothers were more likely to choose the same feeding method for each child (Taylor et al., 2008).

The current study focused on a relatively unexplored topic, evaluating the factors that influence the acceptability of camel milk and its potential use as an infant formula, in the UAE, where camel husbandry holds cultural significance. Distributing an online questionnaire increased our outreach, inclusive of a diverse population. However, this may have introduced sampling and reporting bias. The cross-sectional design and convenience sampling method limited the establishment of causal relationships and representativeness of the data. Future research should employ cluster-based sampling covering the UAE population based on the rural–urban and camel-rearing areas and non-rearing areas, include both individual surveys and focus group interviews for mixed-methods research analysis for better understanding of perspectives on the socio-cultural factors that influence the decision-making process related to use of camel milk and infant formula for feeding 0–2 years old babies. It would be relevant to conduct economic evaluations for cost-effectiveness and cost–benefit analyses of the sales volume of camel milk as an infant milk compared to other commercial infant formulas for prediction of the viability of camel milk formula and related products for infant nutrition in the UAE market.

Overall, this study lays the groundwork triggering further investigations for developing targeted programs to enhance awareness about camel milk, formulation of commercial camel milk infant formula, and comprehensive analysis of its acceptability and market viability for the 0–2 years old babies. Future research can also be directed to experiment with developing other camel milk-based products targeting young babies, including yogurt, custard, among others.

The inherent hypoallergenic, immune-boosting, and gut health-enhancing properties of camel milk present strong potential for promoting camel milk-based infant formula and related products to diverse populations in the UAE and beyond. Prioritizing clinical trials and comprehensive product analyses is essential to substantiate health benefits and support regulatory approval for nutrition and health claims, thereby enhancing consumer trust. Additionally, food technology innovations should focus on optimizing the sensory qualities of camel milk products, particularly those formulated for babies aged 0–2 years.

Furthermore, the use of camel milk and its products in infant feeding must be grounded in scientific evidence and regulated practices. Public health policy and infant nutrition programs in the UAE should focus on education, regulation, and evidence-based integration to ensure their safe and beneficial use in promoting national food sustainability.



5 Conclusion

This study explored mothers’ knowledge, attitudes, and practices regarding camel milk and its products for 0–2 years old babies. While camel milk holds cultural acceptance, overall knowledge among participants was limited, and most mothers did not consider it suitable for infants under 1 year of age. These findings highlight the need for increased awareness of camel milk’s nutritional and health benefits, particularly among mothers of young children in the UAE. The acceptability of camel milk-based infant formula was shaped by perceived benefits, cultural familiarity, sensory characteristics, cost, and the child’s birth order. Promoting such products will require targeted education campaigns, improvements in sensory appeal, clear nutritional messaging, and accessible pricing strategies. Ultimately, collaboration among researchers, healthcare professionals, and industry stakeholders is essential to position camel milk as a credible and sustainable alternative to conventional cow milk-based infant formulas.
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