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This article presents an analytical review of the literature on milk systems of animal and plant origin. Milk systems are 

considered as natural and biotechnological dispersed structures that combine proteins, lipids, carbohydrates, and bioactive 

substances, providing high physiological and nutritional value. In the context of modern functional nutrition, they act as a 

universal technological platform for creating preventive and therapeutic health-promoting products. Particular attention is 

paid to hybrid systems that combine components of animal and plant origin, allowing for nutrient, antioxidant, and 

metabolically active compound synergy, which ensures an expanded range of physiological effects and increased 

bioavailability of key components. The aim of the work is to conduct an analytical review of the composition, structure, and 

functional properties of milk systems of animal and plant origin, as well as to determine directions for their integration into 

technologies of functional foods and nutraceuticals. The concept of the study is based on the principles of food system 

biodesign, implying the deliberate combination of natural matrices and biotechnological processes to achieve a targeted 

physiological effect. A systematic analysis method was applied to scientific publications, patent sources, and experimental data 

devoted to the chemical composition, fermentation, microencapsulation, and bioavailability of active components of milk 

systems. The results showed that animal milk is a source of easily digestible proteins and minerals, while plant analogues are 

rich in unsaturated fatty acids and antioxidants. Their combination ensures amino acid complementarity and enhances 

antioxidant potential. Fermentation and microencapsulation technologies are considered key tools for preserving probiotics 

and vitamins. This work contributes to the development of the concept of functional and sustainable nutrition, forming a 

scientific and practical basis for the creation of domestic functional beverages based on animal milk and milk derived from 

plant seeds of Kazakhstan. 
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Настоящая статья представляет собой аналитический обзор литературы по молочным системам 

животного и растительного происхождения. Молочные системы рассматриваются как природные и 

биотехнологические дисперсные структуры, объединяющие белки, липиды, углеводы и биоактивные вещества, 

обеспечивающие высокую физиологическую и питательную ценность. В контексте современного 

функционального питания они выступают универсальной технологической платформой для создания продуктов 

профилактического и лечебно-оздоровительного назначения. Особое внимание уделяется гибридным системам, 

сочетающим компоненты животного и растительного происхождения, что позволяет достичь синергии 

нутриентов, антиоксидантов и метаболически активных соединений, обеспечивающих расширенный спектр 

физиологических эффектов и повышенную биодоступность ключевых компонентов. Целью работы является 

проведение аналитического обзора состава, структуры и функциональных свойств молочных систем 
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животного и растительного происхождения, а также определение направлений их интеграции в технологии 

функциональных продуктов и нутрицевтиков. Концепция исследования основана на принципах биодизайна 

пищевых систем, предполагающих осознанное сочетание природных матриц и биотехнологических процессов 

для достижения целенаправленного физиологического эффекта. Применён метод систематического анализа 

научных публикаций, патентных источников и экспериментальных данных, посвящённых химическому составу, 

ферментации, микрокапсулированию и биодоступности активных компонентов молочных систем. Результаты 

показали, что животное молоко является источником легкоусваеваемых белков и минералов, тогда как 

растительные аналоги обогащены ненасыщенными жирными кислотами и антиоксидантами. Их комбинация 

обеспечивает аминокислотную комплементарность и усиление антиоксидантного потенциала. Рассмотрены 

технологии ферментации и микрокапсулирования как ключевые инструменты сохранения пробиотиков и 

витаминов. Работа вносит вклад в развитие концепции функционального и устойчивого питания, формируя 

научно-практическую основу для создания отечественных функциональных напитков на основе животного 

молока и молока, полученного из семян растений Казахстана. 
 

Ключевые слова: молочные системы, функциональные продукты, ферментация, 

пробиотики, микрокапсулирование, нутрицевтики. 
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Бұл мақала жануар және өсімдік тектес сүт жүйелері туралы әдебиеттерге аналитикалық шолу 

ұсынады. Сүт жүйелері табиғи және биотехнологиялық дисперстік құрылымдар ретінде 

қарастырылады, олар ақуыздар, липидтер, көмірсулар және биоактивті заттарды біріктіріп, жоғары 

физиологиялық және тағамдық құндылықты қамтамасыз етеді. Қазіргі функционалды тамақтану 

контексінде бұл жүйелер профилактикалық және емдік бағыттағы өнімдерді жасауға арналған әмбебап 

технологиялық платформа ретінде қарастырылады.Арнайы назар жануар және өсімдік компоненттерін 

біріктіретін гибридті жүйелерге аударылған, бұл нутриенттер, антиоксиданттар және метаболикалық 

белсенді қосылыстардың синергиясын қамтамасыз етіп, физиологиялық әсерлердің кең спектрін және 

негізгі компоненттердің биожетімділігін арттыруға мүмкіндік береді.Зерттеудің мақсаты – жануар 

және өсімдік тектес сүт жүйелерінің құрамын, құрылымын және функционалды қасиеттерін талдап, 

оларды функционалды өнімдер мен нутрицевтиктер технологияларына интеграциялау бағыттарын 

анықтау. 

Зерттеу тұжырымдамасы тағамдық жүйелердің биодизайны қағидаттарына негізделген, яғни табиғи 

матрицалар мен биотехнологиялық үдерістердің үйлесімді біріктірілуі арқылы мақсатты физиологиялық 

әсерге жету көзделеді.Ғылыми жарияланымдар, патенттік деректер және тәжірибелік нәтижелер 

негізінде сүт жүйелерінің химиялық құрамы, ферментациясы, микрокапсулалануы және 

биоқолжетімділігіне жүйелі талдау әдісі қолданылды. Нәтижелер жануар сүтінің оңай сіңірілетін 

ақуыздар мен минералдардың көзі екенін, ал өсімдік аналогтарының қанықпаған май қышқылдары мен 

антиоксиданттарға бай екенін көрсетті. Олардың комбинациясы аминқышқылдық толықтыру мен 

антиоксиданттық потенциалды арттыруды қамтамасыз етеді. Пробиотиктер мен витаминдерді 

сақтау үшін ферментация және микрокапсулалау технологиялары негізгі құрал ретінде 

қарастырылды.Бұл жұмыс функционалды және тұрақты тамақтану тұжырымдамасын дамытуға үлес 

қосып, Қазақстан өсімдік тұқымдарынан алынған және жануар сүтінен жасалған отандық 

функционалды сусындарды әзірлеуге ғылыми және практикалық негіз қалыптастырады. 

 

Негізгі сөздер: сүт жүйелері, функционалды өнімдер, ферментация, пробиотиктер, 

микрокапсулалау, нутрицевтиктер. 
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Introduction 

Milk systems represent natural and 

biotechnological dispersed structures composed of 

proteins, lipids, carbohydrates, minerals, and  

biologically active components that possess high 

physiological value. In modern understanding, milk 

systems include both animal-derived milk and its 
plant-based analogues obtained from seeds, nuts, 

cereals, and legumes. Both types of systems share a 

common functional purpose — to provide the human 
body with essential nutrients, antioxidants, and 

compounds that support metabolic and immune 

balance [1, 2]. 
Table 1. presents the classification of plant-based and 

animal milk systems according to their origin. 

 

 

Table 1. Classification of plant-based and animal milk systems by origin 

 

 
 

Milk systems of animal and plant origin differ 
in their nature, structure, and biochemical 

composition; however, they perform similar 

physiological functions, providing the human body 
with essential nutrients, vitamins, and bioactive 

compounds. 

Animal milk is a natural biological product 

intended for the nourishment of offspring, 
containing a balanced complex of proteins, fats, 

carbohydrates, minerals, and vitamins. Cow’s milk 

is traditionally used as a primary source of calcium, 
phosphorus, and high-quality protein. Mare’s and 

camel’s milk are characterized by lower fat content 

and reduced β-lactoglobulin levels, making them 
more hypoallergenic and suitable for people with 

cow’s milk protein intolerance. Camel’s milk is rich 

in immunoglobulins and exhibits pronounced 

antidiabetic properties, while buffalo milk contains 
higher amounts of fat and minerals, which give it a 

rich flavor and high energy value. 

Goat and sheep milk are easily digestible and 
contain short-chain fatty acids that have a beneficial 

effect on lipid metabolism. In northern and 

mountainous regions, reindeer, yak, and moose milk 
are traditionally consumed; they are high in fat and 

enriched with vitamins A and D. Animal-derived 

milk systems provide the human body with 
complete proteins and fats, support the 

musculoskeletal system, and possess high biological 

value [1–4]. 

Plant-based milk systems are aqueous 
emulsions obtained from plant raw materials such as 

seeds, cereals, nuts, and legumes. They serve as an 

important alternative to traditional milk and are used 
as sources of plant proteins, unsaturated fatty acids, 

vitamins, and antioxidants. 

Cereal milks (oat, rice, barley) contain 
complex carbohydrates and β-glucans that help 

regulate cholesterol levels. Nut beverages (almond, 

coconut, pistachio, cashew, hazelnut) are rich in 

tocopherols and polyphenols, providing antioxidant 
effects. Legume-based drinks (soy, pea, chickpea) 

are valuable sources of plant protein and isoflavones. 

A special category includes milk systems 
derived from sprouted seeds (wheat, rye, flax, 

sesame, sunflower, amaranth, chia), which become 

Milk systems 

Animal-origin milk systems Plant-origin milk systems 

- Cow’s milk (Bos taurus) 

- Mare’s milk (Equus caballus) 

- Camel’s milk (Camelus 

dromedarius, C. bactrianus) 

- Buffalo milk (Bubalus bubalis) 

- Sheep’s milk (Ovis aries) 

- Goat’s milk (Capra hircus) 

- Reindeer, yak, and moose milk 

- Cereal milks (oat, rice, barley) 

- Nut milks (almond, coconut, 

pistachio, cashew, hazelnut) 

- Legume-based beverages (soy, pea, 

chickpea) 

- Sprouted seed milks (wheat, rye, 

flax, sesame, sunflower, amaranth, 

chia) 
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enriched with B vitamins, enzymes, and polyphenols 

during germination. These systems are characterized 
by high nutrient bioavailability and a mild taste, 

making them promising bases for functional 

beverages and health-oriented foods [5–9]. 
In general, both animal and plant milk 

systems serve as important platforms for the 

development of functional products aimed at 
preventing metabolic disorders, supporting the 

immune system, and maintaining the body’s energy 

balance. 

The aim of this work is to conduct an 
analytical review of the composition, structure, and 

functional properties of milk systems of animal and 

plant origin, as well as to identify directions for their 
integration into the technologies of functional foods 

and nutraceuticals. The research concept is based on 

the principles of food system biodesign, which 

involve the deliberate combination of natural 
matrices and biotechnological processes to achieve 

targeted physiological effects. 

Materials and methods 
The study was conducted as an analytical 

review using domestic and international scientific 

publications, patent sources, and recent experimental 
research data focused on the composition, structure, 

and functional properties of milk systems of both 

animal and plant origin. 

To systematize the information, databases 
such as Scopus, PubMed, ScienceDirect, 

SpringerLink, MDPI, and open repositories of 

scientific journals were utilized. The analysis 
included articles published between 2010 and 2024, 

containing data on the chemical and nutrient 

composition of milk, as well as processes of 

fermentation, microencapsulation, and 

bioavailability of active components. 
The methodological approach included: 

• Systematic and comparative analysis of 

literature data on the composition and functional  
characteristics of milk systems; 

• Structural and biochemical interpretation of 

protein and lipid fractions, considering their origin; 
• Evaluation of technological approaches 

aimed at improving the stability and bioavailability 

of bioactive compounds (fermentation, micro-

encapsulation, probiotic technologies). 
Data interpretation was carried out from the 

standpoint of the concept of functional and 

sustainable nutrition, which emphasizes the rational 
combination of animal and plant raw materials to 

create products with targeted physiological effects. 

Results and discussion 

The chemical and nutrient composition of 
milk is determined by its natural origin, the feeding 

base, and processing technology. Animal-derived 

milk systems are characterized by a balanced amino 
acid composition and high levels of calcium, 

phosphorus, and B vitamins, whereas plant-based 

milk systems generally contain lower amounts of 
protein but are rich in unsaturated fatty acids, dietary 

fiber, isoflavones, and antioxidants (Table 1) [1–4]. 

Proteins in animal milk (mainly casein and 

whey fractions — β-lactoglobulin and α-
lactalbumin) have high biological value and 

digestibility (up to 95%), while plant proteins are 

often limited in methionine and lysine content. 
However, due to fermentation and seed germination, 

the bioavailability of plant proteins significantly 

increases, and the profile of essential amino acids 
becomes more balanced [5]. 

 

Table 2. Comparative chemical composition of milk systems of animal and plant origin [1–9] 

 

Indicator 
Animal milk systems (average 

value) 

Plant milk systems (average 

value) 

Protein, % 2.8–3.8 
0.5–2.0 (up to 3.0 after 

fermentation) 

Fat, % 3.0–7.5 (depending on species) 
1.0–4.5 (mainly unsaturated fatty 

acids) 

Lactose, % 4.5–5.0 absent 

Minerals (Ca, P, Mg), mg/100 ml Ca ≈ 120; P ≈ 95; Mg ≈ 10 
Ca ≈ 25–60; P ≈ 40–80; Mg ≈ 30–

50 

B-group Vitamins В1 0.04; В2 0.18; В12 0.9 µg В1 0.06–0.10; В2 0.02–0.05 

Antioxidants 
carotenoids, tocopherols, 

glutathione 

polyphenols, tocopherols, 

phytosterols 

Main fatty acids palmitic, stearic, oleic linoleic, α-linolenic, oleic 

рН 6.5–6.8 6.7–7.2 

Energy value, kcal/100 ml 60–80 30–50 
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The composition and ratio of protein fractions 

vary among animal species. Mare’s and camel’s 
milk are characterized by low β-lactoglobulin 

content and a predominance of whey proteins 

similar in composition to human milk, ensuring high 
bioavailability and hypoallergenic properties. 

Buffalo and sheep milk contain increased amounts 

of casein and calcium, while goat’s milk is 
distinguished by its high content of short-chain fatty 

acids (capric and caprylic), which enhances lipid 

digestibility [10, 11]. 

The lipid fraction of animal milk is mainly 
represented by saturated fatty acids (C14:0–C18:0), 

whereas plant systems contain predominantly mono- 

and polyunsaturated fatty acids (oleic, linoleic, and 
α-linolenic), which exhibit hypocholesterolemic 

effects [7]. 

The fatty acid profile also plays an important 

role: the presence of conjugated linoleic acid (CLA) 
and omega-3 and omega-6 fatty acids determines the 

anti-inflammatory and cardioprotective properties of 

milk systems. Biologically active components — 
peptides, flavonoids, phytosterols, and tocopherols 

— enhance antioxidant activity, forming a complex 

physiological effect [12]. 
The mineral composition also differs: animal 

milk is rich in calcium, phosphorus, zinc, and 

selenium, while plant-based beverages contain 

higher amounts of magnesium, potassium, and 
antioxidant elements (Fe, Mn). 

Particular attention is given to biologically 

active compounds — vitamins (A, D, E, K, B1–
B12) and natural antioxidants (polyphenols, 

tocopherols, carotenoids), which determine the 

physiological value of milk systems [6]. 
Despite compositional differences, plant and 

animal milk systems complement each other in 

terms of bioactive substances: animal-based systems 

provide easily digestible proteins and minerals, 
while plant-based systems supply antioxidants, 

unsaturated fatty acids, and dietary fibers. Their 

combined use forms the foundation for developing 
functional and preventive nutrition products [9]. 

The biological and physiological value of 

milk systems is determined by the degree of nutrient 

absorption, bioavailability, and the functional effects 
on the human body. Animal milk (cow, mare, camel, 

goat, buffalo) is traditionally considered a source of 

complete protein, calcium, and B vitamins, while 
plant-based milk systems (derived from sprouted 

seeds, nuts, legumes) are valuable sources of 

unsaturated fatty acids, polyphenols, and dietary 
fibers with systemic antioxidant and metabolic-

regulatory effects [1, 13, 14]. 

Nutrient bioavailability in animal milk 

reaches 90–95% due to the optimal ratio of casein to 
whey proteins and the presence of phosphopeptides 

and trace elements that contribute to bone 

mineralization [15]. In plant-based milk systems, the 
digestibility of proteins and trace elements depends 

on the processing method. Fermentation and seed 

germination reduce antinutritional factors (phytic 
acid, protease inhibitors), thereby increasing the 

availability of iron, zinc, and amino acids [16]. 

Fermented forms of milk (ayran, shubat, 

kumis, yogurt) contain live cultures of Lactobacillus, 
Bifidobacterium, and Lacticaseibacillus, which help 

maintain normal gut microbiota and synthesize 

short-chain fatty acids (acetate, propionate, butyrate) 
that improve mucosal barrier function [17]. 

Fermented plant-based analogues can also possess 

probiotic potential: Lactobacillus plantarum and L. 

fermentum metabolize phenolic compounds of 
sprouted grains, producing bioactive metabolites 

with prebiotic effects [18]. 

Protein hydrolysates of mare’s and camel’s 
milk exhibit pronounced antioxidant and 

antiglycation properties due to the presence of 

peptides that inhibit the formation of advanced 
glycation end-products (AGEs) and activate 

antioxidant enzymes [19]. Plant-based milk systems, 

owing to polyphenols and isoflavones, additionally 

reduce serum glucose and cholesterol levels, as 
confirmed by clinical studies on metabolic syndrome 

models [20]. 

The immunoregulatory effect of mare’s and 
camel’s milk is associated with the presence of 

lactoferrin, immunoglobulins, and antimicrobial 

peptides that enhance macrophage and NK-cell 
activity [21]. In plant-based milk systems, similar 

properties are provided by polyphenols, 

phytosterols, and tocopherols, which modulate 

cytokine expression (IL-6, TNF-α) and NF-κB–
dependent inflammatory pathways [22]. 

Modern approaches to functional nutrition are 

based on the principle of amino acid 
complementarity: combining milk proteins (rich in 

leucine and methionine) with plant proteins (rich in 

lysine and arginine) allows for a complete amino 

acid profile and enhances the biological value of the 
product [23]. Such systems demonstrate synergistic 

effects, improving antioxidant activity, lipid 

metabolism, and resistance to oxidative stress [24]. 
Animal and plant milk systems represent 

complementary matrices that provide a wide range 

of physiological effects — from antioxidant and 
metabolic to immunomodulatory. Their rational 

combination forms the foundation for the 

development of functional foods aimed at preventing 
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metabolic syndrome, dysbiosis, and chronic 

inflammatory processes. 
Milk systems of animal and plant origin play 

a central role in functional food technology due to 

their high nutritional and biological value and their 
ability to serve as efficient carriers for probiotics, 

vitamins, peptides, and antioxidants [1, 6]. Current 

research focuses on the creation of hybrid systems 
that combine the advantages of animal proteins and 

plant biomolecules — amino acids, polyphenols, 

and unsaturated fatty acids — ensuring a synergistic 

physiological effect and product stability during 
storage [25]. 

Milk systems are widely used in the 

production of probiotic yogurts, beverages, 
porridges, and smoothies, where the protein-lipid 

matrix is combined with live cultures such as 

Lactobacillus, Bifidobacterium, Streptococcus 

thermophilus, and others [25]. The incorporation of 
plant extracts (including matcha tea, herbs, vitamins, 

and minerals) enriches the product with antioxidants 

and bioactive compounds, enhancing its preventive 
properties. 

Combined fermented beverages based on 

milk and plant extracts demonstrate higher 
antioxidant activity and lipid oxidation stability 

compared to traditional dairy products [26, 27]. 

Protein concentrates and isolates derived from 

milk and plant raw materials (soy, oat, almond, 
hemp) are used in the formulation of nutraceutical 

complexes and sports nutrition products. The 

combination of animal and plant proteins provides a 
complete amino acid profile and contributes to more 

efficient muscle recovery after physical exertion 

[28]. In addition, the use of milk protein 
hydrolysates supplemented with antioxidants 

(EGCG, polyphenols) enables the creation of 

functional beverages with prolonged restorative and 

anti-inflammatory effects [29]. 
Key challenges in developing functional 

milk-based products include maintaining protein and 

lipid stability during heat treatment, ensuring 
compatibility with probiotics, and preserving the 

activity of added bioactive substances [30]. Factors 

such as pH, temperature, and fermentation duration 

significantly affect probiotic viability and protein 
matrix structure. At pH 6.0–6.5 and temperatures 

≤45 °C, maximum viability of Lactobacillus 

acidophilus and Bifidobacterium bifidum cells is 
maintained [31]. 

To enhance stability and prolong the activity 

of biomolecules, technologies of microencapsulation 
of peptides, vitamins, and antioxidants are applied 

using protein (caseinate, whey isolate) and 

polysaccharide (alginate, pectin, chitosan) carriers 

[32]. Such systems protect active substances from 

degradation during pasteurization and oxygen 
exposure and allow controlled release in the 

gastrointestinal tract [33]. 

The preservation of bioactive substances 
largely depends on packaging technology. The most 

effective are aseptic filling and the use of multilayer 

barrier materials protecting against light and oxygen 
[34]. The use of mild fermentation and 

pasteurization conditions (≤70 °C) minimizes the 

loss of catechins, vitamins B and C, tocopherols, and 

flavonoids, which is especially important for the 
development of combined beverages based on milk 

and plant extracts [35]. 

Milk systems serve as a universal 
technological platform for creating next-generation 

functional products — from probiotic yogurts and 

protein blends to fermented beverages with high 

antioxidant and metabolic activity. The combination 
of animal and plant raw materials provides not only 

an optimal nutrient profile but also a synergistic 

physiological effect aimed at strengthening health 
and preventing chronic diseases. 

Modern trends in functional nutrition are 

directed toward the development of milk and plant–
milk systems with targeted physiological effects — 

adaptogenic, neuroprotective, antioxidant, and 

probiotic [36–38]. The advancement of such 

products is based on in-depth research into the 
biochemical mechanisms of action of biomolecules 

— peptides, polyphenols, unsaturated fatty acids, 

and amino acids — as well as their interactions in 
combined applications. 

Priority directions include: 

• Development of milk and plant–milk 
products with adaptogenic and neuroprotective 

properties. The combination of L-theanine and 

matcha tea catechins with bioactive peptides from 

mare’s and camel’s milk shows potential for 
regulating cognitive function, stress response, and 

neuroinflammation [39]. Such systems may be used 

in the prevention of cognitive disorders and as part 
of specialized nutrition for mental and physical 

performance. 

• Formulation of combined probiotic 

beverages with plant extracts. The use of symbiotic 
combinations (Lactobacillus plantarum, 

Bifidobacterium breve, matcha extract, Melissa 

officinalis, Rhodiola rosea, Schisandra chinensis) 
supports gut microbiota and enhances stress 

resistance. These products exhibit antioxidant, anti-

inflammatory, and metabolic effects, making them 
promising for metabolic syndrome prevention [40]. 

• Nutraceutical formulas for metabolic 

regulation. Scientific studies confirm that combining 
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milk peptides (especially casein hydrolysates) with 

plant polyphenols enhances the activity of AMPK 
and Nrf2 signaling pathways, contributing to the 

reduction of hyperglycemia, dyslipidemia, and 

oxidative stress [41]. The implementation of such 
complexes in dry blends and beverages offers 

potential for preventing metabolic disorders. 

Conclusions 
For Kazakhstan, special importance lies in the 

use of domestic resources — mare’s, camel’s, and 

cow’s milk, as well as plant materials (willowherb, 

cistanche, rosehip, barberry, sea buckthorn, licorice). 
These ingredients possess high biological value and 

can serve as the foundation for developing regional 

functional products with export potential [42]. 
The introduction of local technologies for 

fermentation, microencapsulation, and standardi-

zation of bioactive compounds will enable the 

creation of a product line that meets international 
quality and safety standards (ISO 22000, Codex 

Alimentarius, EFSA). 

The future development of functional milk 
systems is closely linked to the concepts of 

sustainable and personalized nutrition. Hybrid 

products of animal and plant origin provide an 
optimal balance between environmental sustain-

ability, nutrient density, and individual physiological 

needs. 

The integration of artificial intelligence and 
nutrigenomics technologies into formulation 

development will allow the creation of personalized 

dietary recommendations based on genetic, 
metabolic, and microbiome profiles, opening new 

horizons for precision functional nutrition [43].  
 

REFERENCES 

1. Park, Y. W., & Haenlein, G. F. W. (2013). Milk 

and Dairy Products in Human Nutrition: Production, 

Composition and Health. Wiley-Blackwell. 

https://onlinelibrary.wiley.com/doi/book/10.1002/978111
8534168 

2. FAO/WHO. (2019). Milk and Milk Products in 

Human Nutrition. Rome: Food and Agriculture 

Organization of the United Nations. 

3. Konuspayeva, G., et al. (2020). Camel Milk 

Composition and Nutritional Value. Emirates Journal of 

Food and Agriculture. DOI: 10.4018/978-1-7998-1604-

1.ch002 

4. Claeys, W. L., et al. (2021). Composition and 

Nutritional Value of Raw Milk from Different Animal 

Species. International Dairy Journal, 114, 104937. 

https://doi.org/10.1016/j.foodcont.2014.01.045 
5. Jeske, S., Past, present and future: The strength 

of plant-based dairy substitutes based on gluten-free raw 

materials. https://doi.org/10.1016/j.foodres.2017.03.045 

6. Feyza Е A, Tutuncu S, Ozcelik В. Plant-based 

milk substitutes: Bioactive compounds, conventional and 

novel processes, bioavailability studies, and health effects. 

https://doi.org/10.1016/j.jff.2020.103975 

7. Vanga, S. K., & Raghavan, V. (2022). How 

Well Do Plant-Based Alternatives Fare Nutritionally 

Compared to Cow’s Milk? Journal of Food Science and 

Technology, 59(5), 1855–1865. DOI: 10.1007/s13197-

017-2915-y 
8. ScienceDirect. (2023). Trends in Sustainable 

Dairy and Non-Dairy Food Systems. ScienceDirect 

Database. 

9. MDPI. (2023). Functional Dairy and Plant-

Based Systems for Human Health. MDPI Foods. 

10. Mouandhe I. H., Doli S., Ankita W Nutritional 

and Therapeutic Values of Camel Milk. 

https://doi.org/10.22271/ALLRESEARCH.2022.V8.I4A.

9614 

11. Park, Y. W. (2021). Goat Milk Chemistry and 

Nutritional Significance. Small Ruminant Research, 200, 
106432 DOI:10.1002/9780470999738.ch3 

12. Shan, L., et al. (2023). Conjugated Linoleic 

Acid and Antioxidant Potential in Dairy Fat Systems. 

Journal of Dairy Science, 106(8), 6423–6435. 

DOI: 10.1093/jn/129.8.1579 

13. Thao M. Ho, Zhengzheng Zou, Nidhi Bansal. 

Camel milk: A review of its nutritional value, heat 

stability, and potential food products. https://doi.org 

/10.1016/j.foodres.2021.110870 

14. Alida Melse-Boonstra.Bioavailability of 

Micronutrients From Nutrient-Dense Whole Foods: 

Zooming in on Dairy, Vegetables, and Fruits. 
https://doi.org/10.3389/fnut.2020.00101 

15. Musaalbakri Abdul Manan. Progress in 

Probiotic Science: Prospects of Functional Probiotic-

Based Foods and Beverages.  doi: 10.1155/ijfo/5567567  

16. Okoniewski А., et al. The Role of Fermented 

Dairy Products on Gut Microbiota Composition. 

https://doi.org/10.3390/fermentation9030231 

17. Hisham R I Potential antioxidant bioactive 

peptides from camel milk proteins DOI:10.1016 

/j.aninu.2018.05.004 

18. Vanga, S. K., & Raghavan, V. How well do 
plant based alternatives fare nutritionally compared to 

cow’s milk? DOI:10.1007/s13197-017-2915-y 

19. Ayman A Swelum et al.Nutritional, 

antimicrobial and medicinal properties of Camel’s milk: 

A review.  doi: 10.1016/j.sjbs.2021.02.057 

20. Nonthiwat Taesuk et al. Phytochemical 

profiling of Thai plant-based milk alternatives: Insights 

into bioactive compounds, antioxidant activities, 

prebiotics, and amino acid abundance. https://doi.org/ 

10.1016/j.fochx.2025.102402 

21. Peng Li , Wenliang He , Guoyao Wu. 

Composition of Amino Acids in Foodstuffs for Humans 
and Anim. DOI: 10.1007/978-3-030-74180-8_11 

22. MDPI Foods. (2023). Hybrid Dairy–Plant 

Formulations: A New Frontier in Functional Nutrition. 

Foods, 12(6), 1125. 

23. Shori, A. B. (2020). Potential Health-

Promoting Effects of Probiotics in Dairy Beverages. 

DOI: 10.1016/B978-0-12-816687-1.00005-9

145

https://doi.org/10.4018/978-1-7998-1604-1.ch002
https://doi.org/10.4018/978-1-7998-1604-1.ch002
https://doi.org/10.1016/j.foodcont.2014.01.045
https://doi.org/10.1016/j.foodres.2017.03.045
https://www.sciencedirect.com/author/7003926108/beraat-ozcelik
https://doi.org/10.1016/j.jff.2020.103975
https://doi.org/10.1007/s13197-017-2915-y
https://doi.org/10.1007/s13197-017-2915-y
https://www.researchgate.net/profile/Mouandhe-Imamou-Hassani?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Mouandhe-Imamou-Hassani?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Ankita-Walia?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.22271/ALLRESEARCH.2022.V8.I4A.9614
https://doi.org/10.22271/ALLRESEARCH.2022.V8.I4A.9614
https://doi.org/10.1002/9780470999738.ch3?urlappend=?utm_source=researchgate
https://doi.org/10.1093/jn/129.8.1579
https://www.sciencedirect.com/author/56114959500/thao-m-ho
https://www.sciencedirect.com/author/7102714092/nidhi-bansal
https://loop.frontiersin.org/people/862406
https://doi.org/10.3389/fnut.2020.00101
https://pubmed.ncbi.nlm.nih.gov/?term=
https://doi.org/10.1155/ijfo/5567567
https://doi.org/10.3390/fermentation9030231
https://www.researchgate.net/profile/Hisham-Ibrahim?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1016/j.aninu.2018.05.004
https://doi.org/10.1016/j.aninu.2018.05.004
https://doi.org/10.1007/s13197-017-2915-y
https://pubmed.ncbi.nlm.nih.gov/?term=
https://doi.org/10.1016/j.sjbs.2021.02.057
https://doi.org/%2010.1016/j.fochx.2025.102402
https://doi.org/%2010.1016/j.fochx.2025.102402
https://pubmed.ncbi.nlm.nih.gov/?term=Li+P&cauthor_id=34251645
https://pubmed.ncbi.nlm.nih.gov/?term=He+W&cauthor_id=34251645
https://pubmed.ncbi.nlm.nih.gov/?term=Wu+G&cauthor_id=34251645
https://doi.org/10.1007/978-3-030-74180-8_11
https://doi.org/10.1016/B978-0-12-816687-1.00005-9


 

Алматы технологиялық университетінің хабаршысы. 2025. №4. 

 

 

 
 

24. Barbara Wróblewska  et alBioactive Dairy-

Fermented Products and Phenolic Compounds: Together 

or Apart. doi: 10.3390/molecules28248081 

25. Omer F Celik et al. Improving the antioxidant 

activity of yogurt through black and green tea 

supplementation. DOI:10.1111/ijfs.16722 

26. Manoj Kumar et al.Plant-based proteins and 
their multifaceted industrial applications. 

https://doi.org/10.1016/j.lwt.2021.112620 

27. Tomas Lafarga, Maria Hayes. Bioactive 

protein hydrolysates in the functional food ingredient 

industry: Overcoming current challenges. DOI:10.1080 

/87559129.2016.1175013 

28. Ana Curutchet et al. The future of hybrid 

foods: will consumers embrace dairy‐plant blends? 

DOI:10.1111/ijfs.17473 

29. L Varga 1, J Süle, P Nagy Short 

communication: survival of the characteristic microbiota 
in probiotic fermented camel, cow, goat, and sheep milks 

during refrigerated storage.  DOI: 10.3168 /jds.2013-7339 

30. Gultekin S В , et al. (2023). 

Microencapsulation Methods for Food Antioxidants. 

DOI:10.1007/978-3-030-78160-6_25 

31. Thom Huppertz et al. Dairy Matrix Effects: 

Physicochemical Properties Underlying a Multifaceted 

Paradigm.  https://doi.org/10.3390/nu16070943 

32. Grand View Research. (2023). Functional 

Dairy Products Market Report. 

33. ScienceDirect. (2022). Thermal Stability of 

Polyphenols and Vitamins in Fortified Dairy Systems. 
ScienceDirect Database. 

34. Outi Mäkinen et al. Foods for Special Dietary 

Needs: Non-Dairy Plant Based Milk Substitutes and 

Fermented Dairy Type Products. DOI:10.1080/ 

10408398.2012.761950 

35. Guoyao Wu. Functional amino acids in 

nutrition and health. DOI:10.1007/s00726-013-1500-6 

36. Aishwarya Korsapati et al. Neuroprotective 
phytochemicals in functional foods: Mechanistic insights, 

translational challenges, and nano-enabled delivery 

strategies. https://doi.org/10.1016/j.tifs. 2025.105355 

37. Frontiers in Nutrition. (2023). Matcha 

Polyphenols and Milk Peptides: Synergistic Effects on 

Cognition. 

38. Mohsen Mohammadi, Leila Nouri, Amir M 

Mortazavian. Development of a functional synbiotic 

beverage fortified with different cereal sprouts and 

prebiotics. doi: 10.1007/s13197-020-04887-4 

39. Xiaojie Peng et al. Protective properties of 
milk-derived peptide QEPV in attenuating oxidative stress 

through AMPK/PPARα signaling pathways. 

DOI:10.1016/j.jff.2024.106503 

40. Faye, B., & Konuspayeva, G. (2021). Camel 

and Mare Milk Potential for Functional Food in Central 

Asia. Journal of Dairy Research, 88(S1), 102–111. 

DOI:10.1079/cabireviews.2024.0021 

41. Kushagra Agrawal et al. Artificial intelligence 

in personalized nutrition and food manufacturing: a 

comprehensive review of methods, applications, and 

future directions. https://doi.org/ 

10.3389/fnut.2025.1636980

 

146

https://pubmed.ncbi.nlm.nih.gov/?term=
https://doi.org/10.3390/molecules28248081
https://www.researchgate.net/profile/Omer-Celik-3?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1111/ijfs.16722?urlappend=?utm_source=researchgate
https://www.sciencedirect.com/author/57203913320/manoj-c-anil-kumar
https://doi.org/10.1016/j.lwt.2021.112620
https://www.researchgate.net/profile/Tomas-Lafarga-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Maria-Hayes-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1080/87559129.2016.1175013?urlappend=?utm_source=researchgate
https://doi.org/10.1080/87559129.2016.1175013?urlappend=?utm_source=researchgate
https://www.researchgate.net/profile/Ana-Curutchet?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1111/ijfs.17473?urlappend=?utm_source=researchgate
https://pubmed.ncbi.nlm.nih.gov/?term=Varga+L&cauthor_id=24485676
https://pubmed.ncbi.nlm.nih.gov/24485676/#full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=S%C3%BCle+J&cauthor_id=24485676
https://pubmed.ncbi.nlm.nih.gov/?term=Nagy+P&cauthor_id=24485676
https://doi.org/10.3168/jds.2013-7339
https://www.researchgate.net/profile/Busra-Gultekin-Subasi-2?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1007/978-3-030-78160-6_25
https://doi.org/10.3390/nu16070943
https://www.researchgate.net/profile/Outi-Maekinen?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1080/10408398.2012.761950?urlappend=?utm_source=researchgate
https://doi.org/10.1080/10408398.2012.761950?urlappend=?utm_source=researchgate
https://www.semanticscholar.org/author/Guoyao-Wu/144203977
https://doi.org/10.1007/s00726-013-1500-6
https://doi.org/10.1016/j.tifs.%202025.105355
https://pubmed.ncbi.nlm.nih.gov/?term=
https://pubmed.ncbi.nlm.nih.gov/?term=
https://pubmed.ncbi.nlm.nih.gov/?term=
https://pubmed.ncbi.nlm.nih.gov/?term=
https://doi.org/10.1007/s13197-020-04887-4
https://www.researchgate.net/profile/Xiaojie-Peng?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.1016/j.jff.2024.106503
https://doi.org/10.1079/cabireviews.2024.0021
https://loop.frontiersin.org/people/2954384
https://doi.org/%2010.3389/fnut.2025.1636980
https://doi.org/%2010.3389/fnut.2025.1636980

