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Abstract

Kefir is a traditional fermented beverage enriched with microorganisms, predominantly lactic acid bacteria (LAB) and yeasts, and is
conventionally produced from animal-derived milks. However, the rising prevalence of lactose intolerance, the growing adoption of
vegan diets, and increasing environmental sustainability concerns have stimulated interest in the utilization of plant-based milk alterna-
tives for kefir production. Plant-based milks, such as those derived from soy, rice, oats, almonds, hemp, coconuts, and legume-based
milks, present diverse nutritional compositions, bioactive compound profiles, and fermentation behaviors. Their protein, carbohydrate,
and lipid contents directly influence the metabolic activity and growth of the symbiotic microbiota in kefir grains. Plant-based kefirs
are of particular interest as functional foods, owing to their cholesterol-free composition, presence of phytochemicals such as phenolic
compounds and phytosterols, and lactose-free nature. Nevertheless, challenges remain in achieving desirable sensory attributes, ensuring
microbial adaptation, extending shelf life, and standardizing industrial-scale production processes. This review critically evaluates the
suitability of plant-based milks for kefir production by integrating findings from recent studies and highlights their potential to align with
sustainable food manufacturing, food safety considerations, shelf-life requirements, and evolving consumer health preferences.
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1. Introduction vescence, and a complex microbial and biochemical profile
characteristic of kefir [5]. Since kefir is made from cow
milk, it contains all the nutrients in milk, such as fat, lac-
tose, minerals, and vitamins. In fact, the synthesis of some
vitamins during their formation and the partial breakdown
of protein and lactose increase the nutritional value of kefir.
The substances formed as a result of the changes in lactose
and proteins under the influence of microorganisms cause
a cooling, appetizing feature, a popular taste, and aroma to
form. During the fermentation and storage of kefir, some
changes are observed in the chemical properties of milk
(lactose, fat, protein ratios, acidity, organic acids, free fatty
acids, and volatile compounds) [6,7].

The chemical profile of kefir is intricately influenced
by both the milk substrate used and the production meth-
ods employed, whether traditional or industrial. Through-
out the fermentation process, significant changes in ingre-
dient composition and nutrient content have been observed.
The primary fermentation byproducts include acetoin, ac-
etaldehyde, ethanol, diacetyl, COo, lactic acid, and acetic
acid. Additionally, fermentation leads to a dynamic trans-
formation in the vitamin content of kefir, with notable in-
creases recorded in vitamins such as B; and Bqs, as well
as soluble amino acids, calcium, vitamin K, and folic acid.
; - These findings emphasize the multifaceted effects of fer-
Kefir is a traditionally fermented beverage produced . . o

mentation on the functional and nutritional components of

by .moculagng anlmal—.der.lved mllks with k?ﬁr gramns, kefir, highlighting its potential as a functional food product
which consist of a symbiotic consortium of lactic acid bac- 8]

teria (LAB), acetic acid bacteria, and yeasts. The fermen-
tation process results in a slightly acidic flavor, mild effer-
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Fermented dairy products have become essential com-
ponents of the food landscape, reflecting a historical evo-
lution deeply embedded in human dietary practices. An-
cient civilizations recognized fermentation processes, even
if they did not fully understand the underlying mechanisms.
The spontaneous fermentation of milk marked the begin-
ning of this culinary tradition, while the reuse of fermenta-
tion vessels improved the process’s repeatability and stabil-
ity over time [1,2].

Kefir, one of the most renowned fermented milk bev-
erages, has its origins in the traditional practices of the
Northern Caucasus Mountain tribes of Russia, located be-
tween the Caspian and the Black Sea. The longevity at-
tributed to Caucasian populations has long been linked to
their regular consumption of fermented dairy products, par-
ticularly kefir [3]. However, historical records concerning
the precise emergence of kefir grains or the beginning of
kefir production remain elusive. Traditionally, kefir was
produced in sheepskin bags through a process of contin-
uous fermentation under uncontrolled environmental con-
ditions, in which fresh milk was replenished as fermented
milk was withdrawn, thereby maintaining a perpetual fer-
mentation cycle [4].
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The nutritional value of kefir, which contains all the
nutrients in milk, is quite high. Changes during fermenta-
tion cause differences in the composition of milk. Kefir is
rich in vitamins Bq5, By, and K and folic acid. Since the
yeasts and acetic acid bacteria in its microflora show high
antibiotic activity, it becomes a product rich in free amino
acids, other protein hydrolysis products, and B-group vita-
mins as a result of their proteolytic activities [9]. The mi-
croflora of kefir ferments the milk and forms lactic acid,
CO,, small amounts of acetone, alcohol, acetaldehyde, and
diacetyl, contributing to the formation of kefir’s unique
aroma and consistency. Diacetyl is produced by Lacto-
coccus lactis subsp. diacetylactis and Leuconostoc species.
Along with its high calcium and magnesium content, kefir
is also a good source of phosphorus, which helps the use of
carbohydrates, fat, and protein. A good kefir should con-
tain 0.6-0.9% lactic acid, 0.6-0.8% alcohol, and 50% CO»,
0.6-0.8% ethyl alcohol, different aldehydes, and acetone
[10,11]. The microbiological profile of kefir is profoundly
influenced by the diverse array of microorganisms found
within the kefir grains. Kefir, resulting from the fermenta-
tion of milk with either kefir grains or bulk cultures derived
from these grains, exhibits distinct microbial characteristics
[12].

The kefir microbiota, particularly the complex com-
munity of bacteria and yeasts, is a key factor that determines
the functional properties of kefir. The microbial compo-
sition differs between milk kefir and water kefir. In milk
kefir, LAB and yeasts are the dominant microorganisms
present in the kefir grains. These microorganisms play a
crucial role in fermentation during the production process
and contribute to the development of probiotic properties
[13,14].

Researchers conducted a comprehensive investigation
to identify the bacterial and yeast cultures present in ke-
fir, revealing a diverse microbial consortium. The bacterial
species identified included Lactobacillus kefir, Lactobacil-
lus delbrueckii subsp. delbrueckii, Enterococcus faecalis,
Enterococcus faecium, Lactococcus lactis subsp. cremoris,
Lacticaseibacillus casei, Lactobacillus brevis, Lactobacil-
lus acidophilus, Streptococcus thermophilus, Lactobacillus
helveticus, Lactobacillus fermentum, Lactobacillus kefira-
nofaciens, Leuconostoc spp., and Lactococcus spp., along
with Lactobacillus delbrueckii subsp. bulgaricus. The
identified yeast strains included Zygosaccharomyces spp.,
Kluyveromyces spp., Pichia spp., Torula spp., Candida
spp., and Saccharomyces spp., with Kluyveromyces lactis,
Kluyveromyces marxianus, and Saccharomyces cerevisiae
predominating among the yeast microflora. Additionally,
Torulaspora delbrueckii, Zygosaccharomyces rouxii, De-
baryomyces hansenii, Saccharomyces unisporus, and Toru-
laspora elbrus were identified in both kefir beverage and
kefir grain microflora. This thorough microbial characteri-
zation provides insights into the intricate microbial dynam-
ics within kefir, enhancing our understanding of its fermen-
tation process and potential health benefits [15-21].

Traditional and industrial kefir differ primarily in their
production methods, microbial composition, and overall
quality. Traditional kefir is typically made through natu-
ral fermentation using a combination of kefir grains, which
contain a diverse community of bacteria and yeasts. This
process, which often occurs on a smaller scale in home envi-
ronments or small dairies, enables a more diverse microbial
profile and typically results in a richer, more complex fla-
vor and texture. In contrast, industrial kefir is produced on a
larger scale using standardized fermentation processes, typ-
ically with selected starter cultures that may lack the diverse
microbial diversity found in traditional kefir. The indus-
trial process is optimized for consistency, longer shelf life,
and high-volume production, which can sometimes lead to
a more uniform taste but may not capture the same depth
of microbial complexity or health benefits. Furthermore,
traditional kefir tends to retain more of the natural nutri-
tional content due to minimal processing, while industrial
kefir may undergo pasteurization and additional processing
steps that could reduce its probiotic potential and nutrient
levels [22,23].

The preference for plant-based beverages over dairy
milk is primarily driven by nutritional, health, and environ-
mental considerations. Individual sensitivities such as lac-
tose intolerance or milk protein allergies steer consumers
away from animal-based products toward plant-based al-
ternatives [24]. Additionally, vegan or plant-based dietary
choices, often motivated by ethical and environmental con-
cerns, further encourage the consumption of plant-derived
beverages [25]. Plant-based milks offer advantages for car-
diovascular health due to their low saturated fat content
and absence of cholesterol. Furthermore, soy, almond, oat,
and other plant-based milks can be fortified with vitamins
and minerals to enhance nutritional value and provide func-
tional food properties [26]. From a sustainability perspec-
tive, the production of plant-based beverages typically re-
quires less water and generates lower greenhouse gas emis-
sions compared to dairy milk production [27]. Collectively,
these factors play a significant role in guiding consumers to-
ward plant-based beverages, taking into account both their
health benefits and environmental responsibility. In this
context, plant-based milk alternatives have begun to be used
in the production of many dairy products, such as kefir, and
this demand continues to increase (Table 1, Ref. [28-39]).

This review aims to systematically examine plant-
based milk alternatives used in kefir production. The pri-
mary objective of the study is to analyze the effects of dif-
ferent plant-based milk types (soy, almond, oat, rice, co-
conut, etc.) on fermentation properties, microbial adapta-
tion, probiotic stability, and sensory quality, thereby guid-
ing future research and industrial applications. The scope
of the study includes evaluation of the nutritional composi-
tion of plant-based milks, the performance of kefir grains or
starter cultures, functional ingredient production, and shelf-
life parameters. The article focuses on which plant-based
milk alternatives are most suitable for kefir production, how
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Table 1. Current studies on the use of plant-based milks in fermented products.

Study (Authors, publication)

Plant-based milk/substrate

Fermented product type

Microorganisms/starters

Main findings/notes

Harper et al. [30]

Ruiz de la Bastida et al. [31]
Liuet al. [32]

Lietal. [33]

Ziarno et al. [34]

Benmeziane and Belleili [35]
Xuetal. [36]
Ceylan and Onciil [28]

Sahin et al. [37]

Tajmousavilangerudi et al. [38]

La Torre et al. [29]
Luca and Oroian [39]

General (soy, oat, almond, coconut)

Soy

Oat milk
Soy

Soy and oat

Oat milk
Oat
Oat, soy, coconut

Almond milk (+ almond skin)
Various plant substrates
Almond

Oat

General (yogurt-like drink, kefir)

Fermented soy beverage
Fermented oat milk

Soy yogurt

Yogurt-type beverages

Fermented oat milk
Set-type oat yogurt
Plant-based kefir

Plant-based kefir

Water kefir

Almond kefir

Oat yogurt + synbiotic microcapsules

LAB and yeasts

Probiotic Lactobacillus spp.
Yogurt bacteria
Four LAB strains

Commercial starters

Yogurt starters
LAB + enzymatic hydrolysis
Kefir cultures

Kefir grains
Water kefir grains
Milk & water kefir grains

Probiotic microcapsules

Fermentation properties vary across plant matrices; starter
adaptation required.

Soy products are suitable as probiotic carriers.

Showed immunomodulatory functional effects.

Strain selection critically affected quality attributes.

Some starters are successful; texture/syneresis issues may
occur.

Enzymatic pretreatment improved product stability.
Enzymatic pretreatment enhanced quality.

Observed pH reduction, probiotic viability, and antimicro-
bial activity.

Almond skin enhanced phenolic and antioxidant content.
Mixed substrates yielded successful kefir products.
Bioactive content varied depending on kefir grain type.
Improved probiotic stability and texture.

LAB, Lactic Acid Bacteria.
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microbial diversity and probiotic stability vary across dif-
ferent plant-based milks, which strategies may be effec-
tive for improving sensory and functional quality, and how
industrial-scale production and standardization processes
can be optimized. This approach aims to identify knowl-
edge gaps in plant-based kefir production and contribute to
the development of sustainable, nutritious, and consumer-
friendly products.

2. Food Safety and Shelf-Life Considerations

In response to increasing lactose intolerance, the
growing adoption of vegan diets, and the demand for more
sustainable food systems, kefir is now produced not only
from bovine, caprine, or ovine milks but also from a wide
range of plant-based milk alternatives. These include soy,
almond, oat, rice, coconut, legume-derived, and cereal-
based milks [28]. The varying protein, carbohydrate, and
lipid compositions of plant-based milks directly influence
the metabolic activity of kefir grain microbiota, thereby af-
fecting fermentation dynamics, nutritional properties, and
sensory attributes. Consequently, plant-based kefir has
emerged as a promising functional and sustainable fer-
mented product with evolving industrial and consumer rel-
evance [40].

Plant-based fermented dairy alternatives exhibit shelf-
life characteristics that are strongly influenced by their in-
trinsic composition, starter culture dynamics, and post-
fermentation storage conditions. Unlike cow milk, plant
matrices such as soy, oat, almond, and coconut differ sub-
stantially in carbohydrate profile, protein structure, buffer-
ing capacity, and phenolic content, all of which modulate
acidification kinetics and microbial stability during fermen-
tation. These products typically rely on selected LAB or
probiotic strains that lower pH and produce antimicrobial
metabolites (e.g., organic acids, bacteriocins), contributing
to pathogen inhibition and shelf-life extension. However,
the lower protein content and variable fat composition of
plant substrates may reduce microbial robustness and accel-
erate physicochemical deterioration, including phase sep-
aration, syneresis, and oxidation-driven off-flavors. Shelf
life is additionally shaped by packaging atmosphere, cold-
chain integrity, and potential post-processing steps such
as heat treatment or high-pressure processing. Overall,
achieving optimal shelf stability in plant-based fermented
products requires a tailored approach that combines sub-
strate optimization, targeted culture selection, and con-
trolled processing to maintain microbial viability, sensory
quality, and safety throughout storage [41,42].

Food safety, microbial risks, and shelf life are critical
quality and safety parameters in the industrial production
of plant-based fermented products. Due to the agricultural
origin of raw materials, chemical hazards such as pesticide
residues, heavy metals, mycotoxins (particularly aflatoxins
and ochratoxins), as well as allergens from soy and nuts,
represent major safety concerns [43,44]. From a microbio-

logical perspective, pathogens including Escherichia coli
O157:H7, Salmonella spp., Listeria monocytogenes, and
Bacillus cereus are considered the primary risks [45]. The
use of Generally Recognised as Safe/Qualified Presump-
tion of Safety (GRAS/QPS)-status LAB in controlled fer-
mentation enhances safety through pH reduction, produc-
tion of organic acids, and bacteriocins; however, in low-
acid substrates, fermentation kinetics are generally slower
compared to dairy matrices, thereby limiting product shelf
life [46]. Typically, the shelf life of plant-based fermented
products ranges between 21-30 days under refrigeration,
yet factors such as lipid oxidation, flavor deterioration, and
microbial spoilage may reduce stability. To address these
limitations, the industry implements strict cold-chain man-
agement, hygienic equipment design, and oxygen-barrier
packaging solutions, while novel non-thermal technologies
such as pulsed electric fields and high-pressure processing
are increasingly explored to extend shelf life and ensure mi-
crobiological stability [47,48].

Cow milk and plant-based milks exhibit fundamen-
tal differences in their native microbiota, chemical com-
position, and fermentation behavior, which collectively re-
sult in markedly distinct microbial dynamics during fer-
mentation. Cow milk inherently contains a diverse and
well-characterized microbial community—including LAB,
coryneform bacteria, micrococci, pseudomonads, and low
levels of yeasts and molds—originating primarily from the
animal, the milking environment, and post-harvest han-
dling conditions. The natural abundance of LAB renders
cow milk highly conducive to fermentation. In contrast,
plant-based milks generally harbor environmental microor-
ganisms such as Bacillus, Pseudomonas, and various wild
yeasts derived from plant surfaces or processing equipment,
while LAB are typically absent or present only at negligi-
ble levels. The differences in carbohydrate profiles further
modulate microbial metabolism: lactose in cow milk serves
as an optimal carbon source for LAB, whereas the glu-
cose, sucrose, starch, or maltodextrin fractions character-
istic of plant-based milks often constitute suboptimal sub-
strates, necessitating sugar supplementation or enzymatic
pre-treatment to support adequate fermentation. Moreover,
plant-based milks contain phytochemicals—including phe-
nolic compounds, saponins, and phytic acid—that may ex-
ert inhibitory effects on kefir-associated microorganisms,
in contrast to cow milk, whose principal antimicrobial de-
fenses consist of lactoferrin, lysozyme, and immunoglobu-
lins. The strong buffering capacity of cow milk, attributed
to its casein—phosphate system, facilitates controlled acidi-
fication, whereas the comparatively low buffering capacity
of plant-based milks leads to rapid pH decline and prema-
ture inhibition of bacterial growth. As a result, kefir grains
readily adapt to cow milk and maintain stable bacterial—
yeast interactions, while plant-based substrates often re-
quire adaptation phases and display more variable micro-
bial performance. Collectively, these microbiological and
compositional disparities profoundly influence the fermen-
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tation efficiency, sensory profile, and overall stability of
plant-based kefir products [49-51].

3. Innovative Studies on Plant-Based Kefir
Production Using Different Methods

Although kefir can generally be produced from cow,
sheep, or goat milk, studies have also explored kefir
made from soy, rice, coconut, and other plant-based milks
(Fig. 1). Beyond changing the type of raw material used in
production, recent research has investigated the effects of
incorporating various ingredients, such as prebiotics, min-
erals, and functional components, on the physical, chemi-
cal, microbiological, textural, sensory, and functional prop-
erties of kefir [52,53]. This section also summarizes studies
on the enrichment and functional properties of plant-based
kefirs.

Several processing steps are involved in the produc-
tion of plant-based milk alternatives (Fig. 2). Depending on
whether these beverages are intended for direct consump-
tion or further processing into other food products, differ-
ent procedures may be applied. Raw material selection and
quality control include the choice of seeds, nuts, grains, or
bran and involve checks for moisture, mold, foreign matter,
and pesticide residues [54]. Cleaning operations such as
washing, stone or gravel removal, and elimination of hard-
ened fragments are performed to ensure safety and quality.
In some cases (e.g., legumes and nuts), soaking is required
to enhance digestibility and nutrient bioavailability. Typ-
ically, almonds or soybeans are soaked for 6-12 hours in
cold water or 1-2 hours in hot water, with a solid-to-water
ratio ranging from 1:3 to 1:4 (w/v) [25]. The soaked mate-
rial is then finely ground with water using high-speed mills,
blenders, or industrial stone/conical grinders. The degree of
grinding directly affects the texture and viscosity of the re-
sulting milk. Additional water is incorporated to form the
crude milk, with the water-to-solid ratio depending on the
raw material (e.g., almond 1:3-1:5, soy 1:8-1:10, oat 1:3—
1:5) [55]. To separate the solid fraction, straining/filtration
is performed using cloth, sieves, centrifuges, or membrane
filters, such as ultrafiltration. The filtration degree deter-
mines creaminess and fiber content [56]. To ensure mi-
crobiological stability, thermal processing is commonly ap-
plied, such as high-temperature short-time (HTST) or ultra-
high temperature (UHT) treatments. UHT processing is es-
pecially used for shelf-stable products and may also serve
to inactivate starch- and polyphenol-degrading enzymes in
oats and soy [54,56]. To achieve a stable oil-in-water emul-
sion, emulsification/homogenization is carried out using
high-pressure homogenizers (e.g., 100-200 bar) [25]. For
direct consumption, stabilizers and flavoring agents may
be added, such as salt, sugar, natural flavors (e.g., vanilla),
ions, emulsifiers (e.g., lecithin), and stabilizers (e.g., pectin,
carboxymethyl cellulose, gum arabic). Stabilizers help re-
duce sedimentation and phase separation [24]. Fortification
is often achieved through the addition of calcium carbonate
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or calcium phosphate, as well as vitamins such as Ds/Ds,
B2, and riboflavin [57]. After pasteurization, rapid cool-
ing to 4-6 °C helps to slow microbial growth. Filling is con-
ducted aseptically or under chilled conditions, using pack-
aging materials such as cartons, PET bottles, or glass con-
tainers. Finally, storage and distribution conditions are de-
fined according to the applied thermal treatment, and shelf-
life is determined before labeling [55].

While it is used as an alternative to many cow milk
products, soy milk is the most commonly used substi-
tute for cow milk in kefir production. From this per-
spective, most studies have been on fermented dairy prod-
ucts produced using soy milk. Liu et al. [58] demon-
strated that both cow and soy milk kefirs exhibit signifi-
cantly higher antimutagenic activity and enhanced antioxi-
dant properties—including increased DPPH (1,1-Diphenyl-
2-picrylhydrazyl) radical scavenging, inhibition of linoleic
acid peroxidation, and reducing power—compared to their
unfermented counterparts. However, kefir samples showed
lower glutathione peroxidase activity, while superoxide dis-
mutase activity and iron ion chelation remained unaffected.
These results underscore the potential of milk and soy milk
kefirs as functional foods with antimutagenic and antioxi-
dant benefits.

Gamba et al. [59] evaluated cow and soy milk kefirs
in terms of chemical, microbial, and functional properties.
Fermentation increased free amino acids (20.92 mg/100 mL
in cow milk and 36.20 mg/100 mL in soy milk kefir), with
glutamic acid predominating, indicating microbial proteol-
ysis. Cow milk kefir contained higher yeast and acetic acid
bacteria counts, while soy milk kefir showed lower lev-
els. Common microorganisms included Lactococcus lac-
tis subsp. lactis, Saccharomyces cerevisiae, and Kazach-
stania unispora, with Acetobacter orientalis detected only
in cow milk kefir. Both kefirs exhibited enhanced an-
tibacterial activities, antioxidant, and ACE (Angiotensin-
Converting Enzyme)-inhibitory, demonstrating their func-
tional and health-promoting potential.

In addition to soy milk, important studies have also
been conducted on some other milk alternatives. Sirirat and
Jelena [60] produced kefir from cow and rice milk, inves-
tigating their bacterial inhibition and antimicrobial activ-
ity using the disk diffusion method. The inhibitory effects
were tested against Staphylococcus aureus, Bacillus sub-
tilis, Escherichia coli, and Pseudomonas fluorescens. Kefir
demonstrated activity against all the microorganisms tested.
Notably, rice milk kefir exhibited significantly higher an-
tioxidant activity compared to cow milk kefir. The re-
searchers suggested that rice milk kefir could be considered
a promising food ingredient for preventing oxidative stress.

Carullo et al. [61] developed a novel symbiotic kefir
by fortifying probiotic milk kefir with inulin-based poly-
mers enriched with ultrasound-assisted white grape seed
pulp extract, rich in catechins and glycosylated flavonoids.
This post-fermentation fortification enhanced antioxidant
capacity, with 50 g of fortified kefir providing antioxidant
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Fig. 1. General flow diagram in the production of plant-based milk alternatives. In some processes (e.g., oats) heat treatment may

be applied before milling or straining; the order varies according to the manufacturer’s recipe.

activity equivalent to 300 mg of ascorbic acid. In vitro
assays confirmed no adverse effects on intestinal barrier
integrity, highlighting the potential of this formulation as
a functional food with improved health-promoting proper-
ties.

As in the studies summarized above, although re-
search on plant-based kefir production has increased in re-

cent years, several gaps remain in this field. First, the com-
parative evaluation of different plant-based milk alterna-
tives in terms of their nutrient composition and suitability
for fermentation is still insufficient. Moreover, the long-
term adaptation of kefir grains or starter cultures to plant-
based substrates, the preservation of microbial diversity,
and the stability of probiotic populations have not been ade-
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Preparation and standardization of plant-based beverages

|

Heating of raw materials for pasteurization (5-10 minutes at 80-85°C)

o

Cooling (25 °C)

/

Iraditional Method |/ \\

Inoculation with kefir grains 2-10 % (average 5 %)

|

Fermentation (18-24 h at 25 °C)

J

o

Separation and filtration of kefir grains

A

Industrial Method

Inoculation with starter culture (25 °C)

|

s

Fermentation (18-24 h at 25 °C)

Cooling and Storage at 4°C

Fig. 2. Schematization of traditional and industrial plant-based kefir production stages.

quately explored. Efforts to improve sensory attributes such
as taste, aroma, and texture through innovative biotechno-
logical approaches are also at an early stage. In addition,
systematic investigations into the production and bioavail-
ability of functional compounds (e.g., bioactive peptides,
vitamins, antioxidants) are lacking. Industrial-scale chal-
lenges such as process standardization, shelf-life optimiza-
tion, and consumer acceptance have also received limited
attention. These gaps highlight the need for innovative
strategies to transform plant-based kefir into not only an al-
ternative product but also a sustainable food with enhanced
nutritional and functional value [62,63].

Plant-based milks present unique challenges in terms
of pathogen persistence, safety control strategies, shelf-life
extension, and overall food safety due to their highly vari-
able compositions and the absence of intrinsic antimicrobial
components typically found in animal-derived milk. Un-
like cow milk—which contains lactoferrin, lysozyme, im-
munoglobulins, and a robust buffering system that can in-
hibit or slow the growth of pathogens—plant-based milks
rely primarily on the antimicrobial properties of phyto-
chemicals such as phenolics, saponins, and organic acids,
whose effectiveness varies considerably among raw ma-
terials [64,65]. Numerous studies indicate that pathogens
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such as Salmonella spp., Listeria monocytogenes, Bacil-
lus cereus, and Escherichia coli O157:H7 may survive or
even proliferate in plant-based milks, particularly those
with higher pH values, low buffering capacity, and simple
sugars that support microbial metabolism. The stability of
spores, especially from B. cereus and related species com-
monly associated with cereals and legumes, poses an ad-
ditional concern. Effective safety control strategies there-
fore, require a combination of stringent thermal or non-
thermal processing (e.g., HTST pasteurization, UHT treat-
ment, high-pressure processing, pulsed electric fields), hy-
gienic production practices, and the use of protective cul-
tures or bio-preservatives to inhibit pathogenic growth.
Furthermore, shelf-life is strongly influenced by initial mi-
crobial load, water activity, oxygen permeability of pack-
aging, and susceptibility to post-processing contamination
[66,67]. Advanced packaging technologies such as aseptic
filling, oxygen-barrier multilayer materials, and modified
atmosphere packaging can significantly reduce spoilage
and pathogen risk. Comprehensive hazard analysis, rou-
tine microbial testing, and the integration of predictive
microbiology models are essential to ensure food safety
throughout distribution and storage. Collectively, manag-
ing pathogen survival and ensuring microbiological stabil-
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ity in plant-based milks requires an optimized combination
of formulation adjustments, processing technologies, and
robust safety monitoring systems [68,69].

4. Comparative Studies on the Use of
Plant-Based Materials Other Than Cow Milk
in Kefir Production

The use of plant-based milks in the production of ke-
fir and other fermented dairy products has emerged as a
significant research area in recent years, driven by the in-
creasing prevalence of vegan dietary preferences, lactose
intolerance, and allergies to milk proteins. Plant-derived
substrates such as soy, almond, oat, coconut, rice, chick-
pea, and flaxseed are being employed as alternatives to
bovine milk, enabling the development of fermented prod-
ucts with high probiotic content and functional properties
[70]. During the fermentation of these beverages, tradi-
tional kefir grains or specific starter cultures (Lactobacil-
lus spp., Lactococcus spp., acetic acid bacteria, Lactobacil-
lus acidophilus, Bifidobacterium spp.) are used, resulting
in a typical pH reduction to the range of 4.6—4.9, an in-
crease in total titratable acidity, and the maintenance of pro-
biotic populations at levels of 105~107 CFU/mL through-
out storage [28,71]. Furthermore, fermentation has been
shown to markedly enhance the concentrations of pheno-
lic compounds, flavonoids, and total antioxidant capacity
[29,72,73]. However, the microbial ecology of plant-based
kefir may differ from that of dairy-based kefir, and cer-
tain pathogens (Escherichia coli O157:H7, Salmonella Ty-
phimurium) have been reported to exhibit greater persis-
tence in specific plant matrices [28]. From a sensory per-
spective, kefirs produced from certain plant-based milks,
such as those derived from nuts, have been found to pos-
sess a richer aroma profile, improved fatty acid composi-
tion, and pseudoplastic rheological characteristics, whereas
oat- and rice-based kefirs tend to offer a lighter flavor and
a creamier texture [74,75]. Nevertheless, the low buffering
capacity, differences in protein composition, and absence of
lactose in plant-based beverages can influence fermentation
kinetics and product stability; therefore, the achievement
of optimal pH reduction, texture, flavor balance, and mi-
crobial viability requires careful optimization of starter cul-
ture selection, pre-treatment methods (e.g., enzymatic hy-
drolysis, heat treatment), and fermentation conditions [71].
When comparing studies using plant materials as alterna-
tives to cow milk;

Kesenkas et al. [76] produced kefir using mixtures of
cow and soy milk, investigating the physicochemical, mi-
crobiological, and sensorial characteristics of the kefir sam-
ples during refrigeration. The overall composition of the
samples was closely related, with the exception of lactose
content. The levels of tyrosine in the kefir were also quite
similar. As the proportion of soy milk increased, the leucine
content also increased. Serum separation was observed to
increase during storage for all samples. The lowest viscos-

ity value was recorded when soy milk was mixed with cow
milk in a 50:50 ratio. Lactic acid levels were the highest
among the organic acids present. The addition of soy milk
did not significantly impact the microbiological population.
However, sensory scores generally decreased with higher
soy milk content.

Egea et al. [77] evaluated the physicochemical and
rheological properties of soy milk fermented with kefir.
Titratable acidity ranged from 0.25% to 1.47%, and pH
values varied between 5.06 and 5.89%. The flow behav-
ior of the fermented soy milk was described using the
Herschel-Bulkley model, indicating a non-linear relation-
ship between shear rate and shear stress. Consequently, all
samples were classified as non-Newtonian, exhibiting pseu-
doplastic behavior.

Bensmira and Jiang [78] investigated the antioxidant
activity and total phenolic content of a novel peanut-based
kefir. The composition of the kefir extract was charac-
terized using HPLC (High-performance liquid chromatog-
raphy), while antioxidant activity was evaluated via three
complementary assays. Results demonstrated that peanut-
milk kefir exhibited enhanced antioxidant properties com-
pared to the original milk, and fermentation with kefir cul-
ture increased the soluble phenolic content. The extract
contained two main classes of phenolics: phenolic acids and
flavonoids.

Cui et al. [79] conducted a study evaluating the use
of kefir grains as an inoculum for producing walnut milk
beverages. Their investigation focused on assessing the in-
dividual effects of fermentation time, temperature, sucrose
concentration, and inoculum size on the fermentation pro-
cess of walnut milk. The results underscored the signifi-
cant influence of each factor on fermentation. Specifically,
fermentation time, temperature, and sucrose concentration
exhibited highly significant single-factor effects, while in-
oculum size also demonstrated a notable impact. Based on
their findings, the optimal fermentation conditions for wal-
nut milk beverage production were identified as a temper-
ature of 30 °C, a fermentation time of 12 hours, an inocu-
lum size of 3 grams of kefir grains (wet weight), and a su-
crose concentration of 8 grams per 100 mL. Furthermore,
the analysis of the resulting beverages revealed the pres-
ence of viable cells of lactococci, lactobacilli, and yeast,
with concentrations of 7.91, 8.24, and 6.00 log CFU/mL,
respectively. These findings provide valuable insights into
the optimal conditions for fermenting walnut milk bever-
ages using kefir grains as an inoculum, as well as the re-
sulting microbial populations within the beverage.

Sabokbar and Khodaiyan [80] conducted a study to
evaluate the feasibility of using a mixture of pomegranate
juice and whey as a substrate for creating a novel probiotic
beverage with kefir grains. They explored various fermen-
tation conditions, including different temperatures (ranging
from 19 °C-25 °C) and two levels of kefir grain infusion
(5% and 8% w/v). The results indicated that kefir grains
effectively metabolized lactose, resulting in a reduction in

&% IMR Press


https://www.imrpress.com

pH, an increase in acidity, and the production of lactic and
acetic acids, while the level of citric acid decreased. Im-
portantly, these changes depended on both the fermentation
temperature and the concentration of kefir grains, with the
most significant effects observed at 25 °C and with an 8%
(w/v) kefir grain infusion. These findings suggested that the
combination of pomegranate juice and whey was a suitable
substrate for producing a novel probiotic milk-juice bever-
age using kefir grains. Additionally, sensory evaluations
indicated favorable results regarding the sensory properties
of the resulting beverage, suggesting its potential as an ac-
ceptable and probiotic-rich product.

Abadl et al. [81] investigated the feasibility of produc-
ing coconut-based kefir beverages using low- and high-fat
coconut milk. The study evaluated multiple parameters, in-
cluding pH, titratable acidity, peptide content, antibacterial
and antioxidant activities, as well as the rheological prop-
erties of the resulting beverages. The results demonstrated
a significant increase in the populations of LAB and yeasts
after 24 h of fermentation. Notably, fermentation with kefir
grains enhanced the peptide content in both low-fat coconut
milk (0.7 mg/L) and high-fat coconut milk (0.571 mg/L).
Furthermore, the study revealed that low-fat coconut ke-
fir demonstrated strong antibacterial growth inhibition and
antioxidant activity. Rheological analysis indicated that
the apparent viscosity of the kefir beverage decreased with
increasing shear rate, while exhibiting higher viscosity at
lower temperatures. Based on these findings, it was con-
cluded that low-fat coconut milk serves as a viable alterna-
tive to cow milk in the production of kefir-based beverages.
This research highlights the potential of coconut-based ke-
fir as a functional beverage with promising health benefits,
providing a valuable option for individuals seeking alterna-
tives to traditional dairy-based kefir beverages.

Waulansari [82] evaluated kefir quality with the addi-
tion of oat milk (8.12% and 16% w/v) and Lactobacillus
casei AP (2% and 4%, v/v), focusing on physicochemi-
cal properties, including nutrient content. The findings re-
vealed that increasing the oat milk concentration reduced
water content and enhanced viscosity. Notably, the com-
bination of 16% oat milk and 4% (v/v) Lactobacillus casei
AP yielded the highest viscosity and water retention, result-
ing in the most favorable acceptability of the kefir prod-
ucts. This study underscores the potential to optimize ke-
fir quality by adjusting oat milk levels and probiotic addi-
tion, highlighting the role of these factors in improving sen-
sory characteristics and overall product acceptance. How-
ever, increasing the Lactobacillus casei AP inoculum and
oat milk concentrations did not affect microbiological qual-
ity. In conclusion, the addition of 16% oat milk and 4%
Lactobacillus casei AP improved the physical and sensory
qualities of kefir products.

Gocer and Koptagel [83] explored the use of hazel-
nut, cashew, peanut, walnut, and almond-based beverages
in kefir production. The hazelnut beverages had the highest
energy content (73.71 kcal/100 g), followed by kefir made
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from hazelnut products (74.89 kcal/100 g). Over the stor-
age period, total sugar, total organic acids, and polyunsatu-
rated fatty acids levels in the kefir samples decreased, while
saturated fatty acid content and pH increased. Kefir made
from hazelnut beverages had a higher unsaturated fatty acid
content and a lower saturated fatty acid content than kefir
made from cow milk. Among flavor components, ethanol
and ethyl acetate, key contributors to flavor, were found in
the highest concentrations in kefir made from cow milk.

As can be seen, kefir production has been carried
out using many plant-based milk alternatives to cow milk.
However, much research is needed to improve the quality,
stability, and sensory properties of these products. Fur-
thermore, studies on microbiological risks, shelf life, and
pathogen persistence of kefir produced using plant-based
milk alternatives are insufficient. Therefore, further stud-
ies on these topics are necessary.

5. Conclusion and Future Perspectives

The utilization of plant-based beverages in the pro-
duction of kefir and other fermented milk analogues has
emerged as a rapidly expanding domain within func-
tional food science, driven by increasing consumer demand
for dairy-free, lactose-free, and allergen-friendly products.
Plant-derived substrates have been successfully fermented
using traditional kefir grains or selected probiotic starter
cultures, yielding products with desirable microbial counts,
appropriate pH and acidity profiles, and enriched levels
of bioactive compounds. These beverages not only di-
versify the probiotic food market but also offer additional
nutritional and phytochemical benefits, including phenolic
compounds, flavonoids, and enhanced antioxidant capacity.
Enzymatic pretreatments of different plant-based milk sub-
strates, such as protein hydrolysis or starch modification,
could enhance fermentation suitability, supporting micro-
bial growth and probiotic stability. Biotechnological ap-
proaches, including strain selection and adaptive laboratory
evolution, may be applied to ensure long-term adaptation of
kefir grains or starter cultures to plant-based matrices. Sen-
sory attributes can be improved through co-culture fermen-
tations with aroma-producing bacteria or enrichment with
natural aroma precursors. Additionally, the bioavailability
of functional compounds could be enhanced via microen-
capsulation, combination with prebiotics, and the use of ac-
tive packaging technologies to extend shelf-life at an indus-
trial scale.

Industrial-scale kefir production using plant-based
milks continues to present substantial research gaps de-
spite growing scientific interest. The distinct protein com-
position, buffering capacity, and carbohydrate profile of
plant matrices markedly alter microbial fermentation ki-
netics compared to traditional dairy kefir, creating unre-
solved challenges related to kefir grain adaptation, mainte-
nance of a stable microbial consortium, and consistent prod-
uct quality. From an industrial perspective, process stan-
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dardization, achieving uniform viscosity, preventing post-
fermentation phase separation, and optimizing thermal and
cold-chain stability remain major technological hurdles.
Furthermore, matrix components such as phytates, tan-
nins, and dietary fibers may inhibit microbial metabolism
and reduce the bioavailability of key bioactive compounds
produced during fermentation—including short-chain fatty
acids, bioactive peptides, and exopolysaccharides. The gas-
trointestinal stability, absorption mechanisms, and targeted
physiological effects of these compounds are still insuffi-
ciently characterized, demanding more comprehensive in
vivo evidence. Focus on elucidating microbial ecology dy-
namics through multi-omics approaches, modeling matrix—
microbe interactions, and developing advanced processing
technologies to enhance product stability and improve the
bioactive profile of plant-based kefir systems are important
issues. Future research should focus on optimizing the se-
lection of starter cultures tailored to specific food matrices,
as well as pre-treatment techniques (e.g., enzymatic hydrol-
ysis, fortification, controlled heat treatment) and fermenta-
tion parameters, to improve both functional and sensory at-
tributes. Moreover, comprehensive shelf-life and safety as-
sessments are essential to ensure the microbiological safety
of products in commercial applications.

Author Contributions

OY, HEO & YB: Writing-review & editing, Writing—
original draft, Visualization, Validation, Supervision, Re-
source, Methodology, Investigation, Funding acquisition,
Conceptualization. All authors have contributed to the ed-
itorial changes made to the manuscript. All authors read
and approved the final manuscript. All authors have partic-
ipated sufficiently in the work and agreed to be accountable
for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment

We are grateful to Ege University Planning and Mon-
itoring Coordination of Organizational Development, Arti-
cle Writing and Publication Support Office, and Directorate
of Library and Documentation for their contribution in edit-
ing and proofreading services of this study.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

10

Declaration of AI and Al-Assisted
Technologies in the Writing Process

Al and Al-Assisted Technologies were also utilized
for the editing. After using these tools, the authors reviewed
and edited the content as needed and takes full responsibil-
ity for the content of the publication.

References

[1] Bintsis T, Papademas P. The evolution of fermented milks, from
artisanal to industrial products: A critical review. Fermentation.
2022; 8: 679. https://doi.org/10.3390/fermentation8120679.

[2] Kroger M, Kurmann JA, Rasic JL. Fermented milks - Past,
present, and future. In National Research Council (ed.) Applica-
tions of Biotechnology to Traditional Fermented Foods (pp. 91—
114). The National Academies Press: Washington, D.C. 1992.

[3] John SM, Deeseenthum S. Properties and benefits of kefir-A re-
view. Songklanakarin Journal of Science & Technology. 2015;
37: 275-282.

[4] Guzel-Seydim Z, Kok-Tas T, Greene AK. Kefir and koumiss:
microbiology and technology. In Yildiz F (ed.) Development and
Manufacture of Yogurt and Other Functional Dairy Products (pp.
143-163). CRC Press: Boca Raton, FL. 2010.

[5] Sarkar S. Potential of kefir as a dietetic beverage—a review.
British Food Journal. 2007; 109: 280-290. https://doi.org/10.
1108/00070700710736534.

[6] Apalowo OE, Adegoye GA, Mbogori T, Kandiah J, Obuotor
TM. Nutritional Characteristics, Health Impact, and Applica-
tions of Kefir. Foods (Basel, Switzerland). 2024; 13: 1026.
https://doi.org/10.3390/foods13071026.

[7] Khan IT, Bule M, Ullah R, Nadeem M, Asif S, Niaz K. The an-
tioxidant components of milk and their role in processing, ripen-
ing, and storage: Functional food. Veterinary World. 2019; 12:
12-33. https://doi.org/10.14202/vetworld.2019.12-33.

[8] LvJP, Wang LM. Bioactive components in kefir and koumiss. In
Park YW (ed.) Bioactive Components in Milk and Dairy Prod-
ucts (pp. 251-262). Wiley-Blackwell, A John Wiley & Sons,
Ltd., Publication: Department of Food Science & Technology,
University of Georgia Athens, GA 30602. 2009. https://doi.org/
10.1002/9780813821504.ch10.

[9] Farag MA, Jomaa SA, El-Wahed AA, El-Seedi AHR. The Many
Faces of Kefir Fermented Dairy Products: Quality Character-
istics, Flavour Chemistry, Nutritional Value, Health Benefits,
and Safety. Nutrients. 2020; 12: 346. https://doi.org/10.3390/
nul2020346.

[10] Turkmen N. Kefir as a functional dairy product. In Watson
RR, Collier RJ, Preedy VR (eds.) Dairy in Human Health and
Disease Across the Lifespan (pp. 373-383). Academic Press:
Ankara University, Ankara, Turkey. 2017. https://doi.org/10.
1016/B978-0-12-809868-4.00029-7.

[11] Prado MR, Blandén LM, Vandenberghe LPS, Rodrigues C, Cas-
tro GR, Thomaz-Soccol V, et al. Milk kefir: composition, mi-
crobial cultures, biological activities, and related products. Fron-
tiers in Microbiology. 2015; 6: 1177. https://doi.org/10.3389/fm
icb.2015.01177.

[12] de Oliveira Leite AM, Miguel MAL, Peixoto RS, Rosado AS,
Silva JT, Paschoalin VMF. Microbiological, technological and
therapeutic properties of kefir: a natural probiotic beverage.
Brazilian Journal of Microbiology: [publication of the Brazil-
ian Society for Microbiology]. 2013; 44: 341-349. https://doi.
org/10.1590/S1517-83822013000200001.

[13] Garofalo C, Osimani A, Milanovi¢ V, Aquilanti L, De Filippis
F, Stellato G, ef al. Bacteria and yeast microbiota in milk kefir
grains from different Italian regions. Food Microbiology. 2015;
49: 123-133. https://doi.org/10.1016/j.fm.2015.01.017.

&% IMR Press


https://doi.org/10.3390/fermentation8120679
https://doi.org/10.1108/00070700710736534
https://doi.org/10.1108/00070700710736534
https://doi.org/10.3390/foods13071026
https://doi.org/10.14202/vetworld.2019.12-33
https://doi.org/10.1002/9780813821504.ch10
https://doi.org/10.1002/9780813821504.ch10
https://doi.org/10.3390/nu12020346
https://doi.org/10.3390/nu12020346
https://doi.org/10.1016/B978-0-12-809868-4.00029-7
https://doi.org/10.1016/B978-0-12-809868-4.00029-7
https://doi.org/10.3389/fmicb.2015.01177
https://doi.org/10.3389/fmicb.2015.01177
https://doi.org/10.1590/S1517-83822013000200001
https://doi.org/10.1590/S1517-83822013000200001
https://doi.org/10.1016/j.fm.2015.01.017
https://www.imrpress.com

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Gokirmakli C, Glizel-Seydim ZB. Water kefir grains vs. milk ke-
fir grains: Physical, microbial and chemical comparison. Jour-
nal of Applied Microbiology. 2022; 132: 4349-—4358. https:
//doi.org/10.1111/jam.15532.

Simova E, Beshkova D, Angelov A, Hristozova T, Frengova G,
Spasov Z. Lactic acid bacteria and yeasts in kefir grains and kefir
made from them. Journal of Industrial Microbiology & Biotech-
nology. 2002; 28: 1-6. https://doi.org/10.1038/sj/jim/7000186.
Santos A, San Mauro M, Sanchez A, Torres JM, Marquina
D. The Antimicrobial properties of different strains of Lac-
tobacillus spp. isolated from kefir. Systematic and Applied
Microbiology. 2003; 26: 434-437. https://doi.org/10.1078/
072320203322497464.

Yiiksekdag ZN, Beyatli Y, Aslim B. Determination of some
characteristics coccoid forms of lactic acid bacteria isolated from
Turkish kefirs with natural probiotic. LWT-Food Science and
Technology. 2004; 37: 663—667. https://doi.org/10.1016/j.1wt.
2004.02.004.

Simova E, Simov Z, Beshkova D, Frengova G, Dimitrov Z,
Spasov Z. Amino acid profiles of lactic acid bacteria, isolated
from kefir grains and kefir starter made from them. Interna-
tional Journal of Food Microbiology. 2006; 107: 112—123. https:
//doi.org/10.1016/j.ijjfoodmicro.2005.08.020.

Kesmen Z, Kacmaz N. Determination of lactic microflora of
kefir grains and kefir beverage by using culture-dependent
and culture-independent methods. Journal of Food Science.
2011; 76: M276-M283. https://doi.org/10.1111/j.1750-3841.
2011.02191.x.

TAS TK, Ekinci FY, Guzel-Seydim ZB. Identification of mi-
crobial flora in kefir grains produced in Turkey using PCR. In-
ternational Journal of Dairy Technology. 2012; 65: 126—-131.
https://doi.org/10.1111/j.1471-0307.2011.00733 x.

Ahmed Z, Wang Y, Ahmad A, Khan ST, Nisa M, Ahmad H, et al.
Kefir and health: a contemporary perspective. Critical Reviews
in Food Science and Nutrition. 2013; 53: 422-434. https://doi.
org/10.1080/10408398.2010.540360.

Demir H. Comparison of traditional and commercial kefir mi-
croorganism compositions and inhibitory effects on certain
pathogens. International Journal of Food Properties. 2020; 23:
375-386. https://doi.org/10.1080/10942912.2020.1733599.
Alexandre LA, da Silva AC, de Melo APZ, Verruck S.
Traditional and Industrial Methods for Milk Kefir Produc-
tion. In Gomes da Cruz A, Colombo Pimentel T, Esmerino
EA, Verruck S (eds.) Dairy Foods Processing (pp. 205-214).
Springer US: New York, NY. 2024. https://doi.org/10.1007/
978-1-0716-4144-6_15.

Vanga SK, Raghavan V. How well do plant based alternatives
fare nutritionally compared to cow’s milk? Journal of Food Sci-
ence and Technology. 2018; 55: 10-20. https://doi.org/10.1007/
s13197-017-2915-y.

Sethi S, Tyagi SK, Anurag RK. Plant-based milk alternatives an
emerging segment of functional beverages: a review. Journal of
Food Science and Technology. 2016; 53: 3408-3423. https://do
i.org/10.1007/s13197-016-2328-3.

Pérez-Rodriguez ML, Serrano-Carretero A, Garcia-Herrera P,
Camara-Hurtado M, Sanchez-Mata MC. Plant-based bever-
ages as milk alternatives? Nutritional and functional approach
through food labelling. Food Research International (Ottawa,
Ont.). 2023; 173: 113244. https://doi.org/10.1016/j.foodres.
2023.113244.

Poore J, Nemecek T. Reducing food’s environmental impacts
through producers and consumers. Science (New York, N.Y.).
2018; 360: 987-992. https://doi.org/10.1126/science.aaq0216.
Ceylan B, Onciil N. Production of probiotic kefir from differ-
ent plant-based milks. Cogent Food & Agriculture. 2025; 11:
2458351. https://doi.org/10.1080/23311932.2025.2458351.

La Torre C, Caputo P, Fazio A. Effect of Milk and Water Kefir

&% IMR Press

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Grains on the Nutritional Profile and Antioxidant Capacity of
Fermented Almond Milk. Molecules (Basel, Switzerland). 2025;
30: 698. https://doi.org/10.3390/molecules30030698.

Harper AR, Dobson RCJ, Morris VK, Moggré GJ. Fermenta-
tion of plant-based dairy alternatives by lactic acid bacteria. Mi-
crobial Biotechnology. 2022; 15: 1404—1421. https://doi.org/10.
1111/1751-7915.14008.

Ruiz de la Bastida A, Peirotén A, Langa S, Rodriguez-Minguez
E, Curiel JA, Arqués JL, et al. Fermented soy beverages as ve-
hicle of probiotic lactobacilli strains and source of bioactive
isoflavones: A potential double functional effect. Heliyon. 2023;
9: e14991. https://doi.org/10.1016/j.heliyon.2023.14991.

Liu FL, Chen CL, Huang CH. Preparation of fermented oat milk
and evaluation of its modulatory effect on antigen-specific im-
mune responses in ovalbumin-sensitized mice. Food and Agri-
cultural Immunology. 2022; 33: 722-735. https://doi.org/10.
1080/09540105.2022.2120851.

Li S, Hu M, Wen W, Zhang P, Yu W, Fan B, et al. Effect of dif-
ferent strains on quality characteristics of soy yogurt: Physic-
ochemical, nutritional, safety features, sensory, and formation
mechanism. Food Chemistry: X. 2024; 22: 101359. https://doi.
org/10.1016/j.fochx.2024.101359.

Ziarno M, Zargba D, Scibisz I, Koztowska M. Comprehensive
studies on the stability of yogurt-type fermented soy beverages
during refrigerated storage using dairy starter cultures. Frontiers
in Microbiology. 2023; 14: 1230025. https://doi.org/10.3389/fm
icb.2023.1230025.

Benmeziane F, Belleili I. An innovative approach: Formulation
and evaluation of fermented oat milk using native yoghurt cul-
tures. Measurement: Food. 2023; 12: 100113. https://doi.org/
10.1016/j.meaf00.2023.100113.

Xu W, Wu X, Xia C, Guo Z, Zhai Z, Cheng Y, et al. Opti-
mization of Enzymatic Hydrolysis and Fermentation Process-
ing for Set-Type Oat Yogurt with Favorable Acidity and Co-
agulated Texture. Foods (Basel, Switzerland). 2024; 13: 4180.
https://doi.org/10.3390/foods13244180.

Sahin A, Buran I, Akal C. Use of Almond Milk, Almond Skin
and Plant Based Probiotics on Newly Developed Kefir: Physi-
cal, Chemical, Microbiological, and Functional Properties. Food
Science & Nutrition. 2025; 13: €70719. https://doi.org/10.1002/
fsn3.70719.

Tajmousavilangerudi A, Viretto C, Anzelini N, Stringari A, Prati
A, Larcher M, et al. Unlocking microbial interactions: Multi-
Plant-based-substrate fermentation with water kefir starters for
functional beverage innovation. Current Research in Food Sci-
ence. 2025; 11: 101194. https://doi.org/10.1016/j.crfs.2025.
101194.

Luca L, Oroian M. Oat Yogurts Enriched with Synbiotic Micro-
capsules: Physicochemical, Microbiological, Textural and Rhe-
ological Properties during Storage. Foods (Basel, Switzerland).
2022; 11: 940. https://doi.org/10.3390/foods11070940.

Erem E, Kilic-Akyilmaz M. The role of fermentation with lactic
acid bacteria in quality and health effects of plant-based dairy
analogues. Comprehensive Reviews in Food Science and Food
Safety. 2024; 23: e13402. https://doi.org/10.1111/1541-4337.
13402.

Sharma N, Maibam BD, Sharma M. Review on effect of
innovative technologies on shelf-life extension of non-dairy
sources from plant matrices. Food Chemistry Advances. 2024;
5: 100781. https://doi.org/10.1016/j.focha.2024.100781.

Irondi EA, Aina HT, Imam YT, Bankole AO, Anyiam AF, Ele-
mosho AO, et al. Plant-based milk substitutes: sources, produc-
tion, and nutritional, nutraceutical and sensory qualities. Fron-
tiers in Food Science and Technology. 2025; 5: 1593870. https:
//doi.org/10.3389/frfst.2025.1593870.

Jeske S, Zannini E, Arendt EK. Evaluation of Physicochem-
ical and Glycaemic Properties of Commercial Plant-Based

11


https://doi.org/10.1111/jam.15532
https://doi.org/10.1111/jam.15532
https://doi.org/10.1038/sj/jim/7000186
https://doi.org/10.1078/072320203322497464
https://doi.org/10.1078/072320203322497464
https://doi.org/10.1016/j.lwt.2004.02.004
https://doi.org/10.1016/j.lwt.2004.02.004
https://doi.org/10.1016/j.ijfoodmicro.2005.08.020
https://doi.org/10.1016/j.ijfoodmicro.2005.08.020
https://doi.org/10.1111/j.1750-3841.2011.02191.x
https://doi.org/10.1111/j.1750-3841.2011.02191.x
https://doi.org/10.1111/j.1471-0307.2011.00733.x
https://doi.org/10.1080/10408398.2010.540360
https://doi.org/10.1080/10408398.2010.540360
https://doi.org/10.1080/10942912.2020.1733599
https://doi.org/10.1007/978-1-0716-4144-6_15
https://doi.org/10.1007/978-1-0716-4144-6_15
https://doi.org/10.1007/s13197-017-2915-y
https://doi.org/10.1007/s13197-017-2915-y
https://doi.org/10.1007/s13197-016-2328-3
https://doi.org/10.1007/s13197-016-2328-3
https://doi.org/10.1016/j.foodres.2023.113244
https://doi.org/10.1016/j.foodres.2023.113244
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1080/23311932.2025.2458351
https://doi.org/10.3390/molecules30030698
https://doi.org/10.1111/1751-7915.14008
https://doi.org/10.1111/1751-7915.14008
https://doi.org/10.1016/j.heliyon.2023.e14991
https://doi.org/10.1080/09540105.2022.2120851
https://doi.org/10.1080/09540105.2022.2120851
https://doi.org/10.1016/j.fochx.2024.101359
https://doi.org/10.1016/j.fochx.2024.101359
https://doi.org/10.3389/fmicb.2023.1230025
https://doi.org/10.3389/fmicb.2023.1230025
https://doi.org/10.1016/j.meafoo.2023.100113
https://doi.org/10.1016/j.meafoo.2023.100113
https://doi.org/10.3390/foods13244180
https://doi.org/10.1002/fsn3.70719
https://doi.org/10.1002/fsn3.70719
https://doi.org/10.1016/j.crfs.2025.101194
https://doi.org/10.1016/j.crfs.2025.101194
https://doi.org/10.3390/foods11070940
https://doi.org/10.1111/1541-4337.13402
https://doi.org/10.1111/1541-4337.13402
https://doi.org/10.1016/j.focha.2024.100781
https://doi.org/10.3389/frfst.2025.1593870
https://doi.org/10.3389/frfst.2025.1593870
https://www.imrpress.com

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

12

Milk Substitutes. Plant Foods for Human Nutrition (Dor-
drecht, Netherlands). 2017; 72: 26-33. https://doi.org/10.1007/
s11130-016-0583-0.

Boukid F. Plant-based meat analogues: From niche to main-
stream. European Food Research and Technology. 2021; 247:
297-308. https://doi.org/10.1007/s00217-020-03630-9.

Marco ML, Sanders ME, Génzle M, Arrieta MC, Cotter PD, De
Vuyst L, et al. The International Scientific Association for Probi-
otics and Prebiotics (ISAPP) consensus statement on fermented
foods. Nature Reviews. Gastroenterology & Hepatology. 2021;
18: 196-208. https://doi.org/10.1038/s41575-020-00390-5.
Verni M, Minisci A, Convertino S, Nionelli L, Rizzello CG.
Wasted Bread as Substrate for the Cultivation of Starters for
the Food Industry. Frontiers in Microbiology. 2020; 11: 293.
https://doi.org/10.3389/fmicb.2020.00293.

Shori AB. Influence of food matrix on the viability of probi-
otic bacteria: A review based on dairy and non-dairy beverages.
Food Bioscience, 2016; 13: 1-8. https://doi.org/10.1016/j.fbio
.2015.11.001.

Cabello-Olmo M, Oneca M, Torre P, Diaz JV, Encio 1J, Bara-
jas M, et al. Influence of Storage Temperature and Packaging on
Bacteria and Yeast Viability in a Plant-Based Fermented Food.
Foods (Basel, Switzerland). 2020; 9: 302. https://doi.org/10.
3390/f00ds9030302.

Chalupa-Krebzdak S, Long CJ, Bohrer BM. Nutrient density and
nutritional value of milk and plant-based milk alternatives. In-
ternational Dairy Journal. 2018; 87: 84-92. https://doi.org/10.
1016/j.idairyj.2018.07.018.

Tangyu M, Muller J, Bolten CJ, Wittmann C. Fermentation of
plant-based milk alternatives for improved flavour and nutri-
tional value. Applied Microbiology and Biotechnology. 2019;
103: 9263-9275. https://doi.org/10.1007/s00253-019-10175-9.
Maras RT. Comparison of the nutritional value of cow’s milk
and plant-based milks. Black Sea Journal of Agriculture. 2023;
6: 734-741. https://doi.org/10.47115/bsagriculture.1331725.
Liu JR, Lin CW. Production of kefir from soymilk with or with-
out added glucose, lactose, or sucrose. Journal of Food Science.
2000; 65: 716-719. https://doi.org/10.1111/1.1365-2621.2000.
tb16078.x.

Dahiya D, Nigam PS. Therapeutic and dietary support for gas-
trointestinal tract using kefir as a nutraceutical beverage: Dairy-
milk-based or plant-sourced kefir probiotic products for vegan
and lactose-intolerant populations. Fermentation. 2023; 9: 388.
https://doi.org/10.3390/fermentation9040388.

Jeske S, Zannini E, Arendt EK. Past, present and future: The
strength of plant-based dairy substitutes based on gluten-free
raw materials. Food Research International (Ottawa, Ont.).
2018; 110: 42-51. https://doi.org/10.1016/j.foodres.2017.03.
045.

Maikinen OE, Uniacke-Lowe T, O’Mahony JA, Arendt EK.
Physicochemical and acid gelation properties of commercial
UHT-treated plant-based milk substitutes and lactose free bovine
milk. Food Chemistry. 2015; 168: 630—638. https://doi.org/10.
1016/j.foodchem.2014.07.036.

McClements DJ. Development of Next-Generation Nutrition-
ally Fortified Plant-Based Milk Substitutes: Structural Design
Principles. Foods (Basel, Switzerland). 2020; 9: 421. https:
//doi.org/10.3390/foods9040421.

Singhal S, Baker RD, Baker SS. A Comparison of the Nutri-
tional Value of Cow’s Milk and Nondairy Beverages. Journal of
Pediatric Gastroenterology and Nutrition. 2017; 64: 799-805.
https://doi.org/10.1097/MPG.0000000000001380.

Liu JR, Lin YY, Chen MJ, Chen LJ, Lin CW. Antioxidative ac-
tivities of kefir. Asian-Australasian Journal of Animal Sciences.
2005; 18: 567-573. https://doi.org/10.5713/ajas.2005.567.
Gamba RR, Yamamoto S, Abdel-Hamid M, Sasaki T, Michi-
hata T, Koyanagi T, et al. Chemical, Microbiological, and Func-

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

tional Characterization of Kefir Produced from Cow’s Milk and
Soy Milk. International Journal of Microbiology. 2020; 2020:
7019286. https://doi.org/10.1155/2020/7019286.

Sirirat D, Jelena P. Bacterial inhibition and antioxidant activ-
ity of kefir produced from Thai Jasmine rice milk. Biotechnol-
ogy. 2010; 9: 332-337. https://doi.org/10.3923/biotech.2010.
332.337.

Carullo G, Sciubba F, Governa P, Mazzotta S, Frattaruolo
L, Grillo G, et al. Mantonico and Pecorello Grape Seed Ex-
tracts: Chemical Characterization and Evaluation of In Vitro
Wound-Healing and Anti-Inflammatory Activities. Pharmaceu-
ticals (Basel, Switzerland). 2020; 13: 97. https://doi.org/10.
3390/ph13050097.

Meral-Aktas H, Bazu-Cirpict B, Aktas H, Kadiroglu H, Cetin
B. Comparative Quality Assessment of Plant-Based Kefir as a
Vegan Alternative to Traditional Kefir. Food Bioscience. 2025;
70: 107062. https://doi.org/10.1016/1.1b10.2025.107062.
Sawant SS, Park HY, Sim EY, Kim HS, Choi HS. Microbial Fer-
mentation in Food: Impact on Functional Properties and Nutri-
tional Enhancement—A Review of Recent Developments. Fer-
mentation (Basel). 2025; 11: 15. https://doi.org/10.3390/fermen
tation11010015.

Pointke M, Albrecht EH, Geburt K, Gerken M, Traulsen
I, Pawelzik E. A comparative analysis of plant-based milk
alternatives part 1: composition, sensory, and nutritional
value. Sustainability. 2022; 14: 7996. https://doi.org/10.3390/
sul4137996.

Ramsing R, Santo R, Kim BF, Altema-Johnson D, Wooden
A, Chang KB, ef al. Dairy and Plant-Based Milks: Implica-
tions for Nutrition and Planetary Health. Current Environmen-
tal Health Reports. 2023; 10: 291-302. https://doi.org/10.1007/
s40572-023-00400-z.

Tipparaju S, Ravishankar S, Slade PJ. Survival of Listeria mono-
cytogenes in vanilla-flavored soy and dairy products stored at
8 degrees C. Journal of Food Protection. 2004; 67: 378-382.
https://doi.org/10.4315/0362-028x-67.2.378.

Kain T, Albahri M, P16tz M, Jessberger N. Growth, persistence
and toxin production of pathogenic bacteria in plant-based drink-
ing milk alternatives. Journal of Food Science. 2024; 89: 5799—
5811. https://doi.org/10.1111/1750-3841.17309.

Taiwo OR, Onyeaka H, Oladipo EK, Oloke JK, Chukwugozie
DC. Advancements in predictive microbiology: Integrating new
technologies for efficient food safety models. International Jour-
nal of Microbiology. 2024; 2024: 6612162. https://doi.org/10.
1155/2024/6612162.

Grafia AL, Gonzalez N, Pacheco C, Razuc MF, Acebal CC,
Lopez,0OV. Eco-friendly packaging for functional food. Pro-
cesses. 2025; 13: 2027. https://doi.org/10.3390/pr13072027.
Shori AB, Al Zahrani AJ. Non-dairy plant-based milk prod-
ucts as alternatives to conventional dairy products for delivering
probiotics. Food Science and Technology. 2021; 42: e101321.
https://doi.org/10.1590/fst.101321.

Deziderio MA, de Souza HF, Kamimura ES, Petrus RR. Plant-
Based Fermented Beverages: Development and Characteriza-
tion. Foods (Basel, Switzerland). 2023; 12: 4128. https://doi.or
2/10.3390/foods12224128.

Lopusiewicz L, Droztowska E, Siedlecka P, Mezynska M,
Bartkowiak A, Sienkiewicz M, et al. Development, Characteri-
zation, and Bioactivity of Non-Dairy Kefir-Like Fermented Bev-
erage Based on Flaxseed Oil Cake. Foods (Basel, Switzerland).
2019; 8: 544. https://doi.org/10.3390/foods8110544.

Melini F, Melini V. Impact of Fermentation on Phenolic Com-
pounds and Antioxidant Capacity of Quinoa. Fermentation.
2021; 7: 20. https://doi.org/10.3390/fermentation7010020.
Gocer EM, Koptagel E. Some physical and sensory properties of
kefir made from vegetable milk from different nuts. The Jour-
nal of Food. 2023; 48: 227-241. https://doi.org/10.15237/gida

&% IMR Press


https://doi.org/10.1007/s11130-016-0583-0
https://doi.org/10.1007/s11130-016-0583-0
https://doi.org/10.1007/s00217-020-03630-9
https://doi.org/10.1038/s41575-020-00390-5
https://doi.org/10.3389/fmicb.2020.00293
https://doi.org/10.1016/j.fbio.2015.11.001
https://doi.org/10.1016/j.fbio.2015.11.001
https://doi.org/10.3390/foods9030302
https://doi.org/10.3390/foods9030302
https://doi.org/10.1016/j.idairyj.2018.07.018
https://doi.org/10.1016/j.idairyj.2018.07.018
https://doi.org/10.1007/s00253-019-10175-9
https://doi.org/10.47115/bsagriculture.1331725
https://doi.org/10.1111/j.1365-2621.2000.tb16078.x
https://doi.org/10.1111/j.1365-2621.2000.tb16078.x
https://doi.org/10.3390/fermentation9040388
https://doi.org/10.1016/j.foodres.2017.03.045
https://doi.org/10.1016/j.foodres.2017.03.045
https://doi.org/10.1016/j.foodchem.2014.07.036
https://doi.org/10.1016/j.foodchem.2014.07.036
https://doi.org/10.3390/foods9040421
https://doi.org/10.3390/foods9040421
https://doi.org/10.1097/MPG.0000000000001380
https://doi.org/10.5713/ajas.2005.567
https://doi.org/10.1155/2020/7019286
https://doi.org/10.3923/biotech.2010.332.337
https://doi.org/10.3923/biotech.2010.332.337
https://doi.org/10.3390/ph13050097
https://doi.org/10.3390/ph13050097
https://doi.org/10.1016/j.fbio.2025.107062
https://doi.org/10.3390/fermentation11010015
https://doi.org/10.3390/fermentation11010015
https://doi.org/10.3390/su14137996
https://doi.org/10.3390/su14137996
https://doi.org/10.1007/s40572-023-00400-z
https://doi.org/10.1007/s40572-023-00400-z
https://doi.org/10.4315/0362-028x-67.2.378
https://doi.org/10.1111/1750-3841.17309
https://doi.org/10.1155/2024/6612162
https://doi.org/10.1155/2024/6612162
https://doi.org/10.3390/pr13072027
https://doi.org/10.1590/fst.101321
https://doi.org/10.3390/foods12224128
https://doi.org/10.3390/foods12224128
https://doi.org/10.3390/foods8110544
https://doi.org/10.3390/fermentation7010020
https://doi.org/10.15237/gida.GD22098
https://doi.org/10.15237/gida.GD22098
https://doi.org/10.15237/gida.GD22098

[75]

[76]

[77]

(78]

[79]

.GD22098. (In Turkish)

Ustaoglu-Genggéniil M, Gékirmakli C, Uggiil B, Karagiil-
Yiiceer Y, Guzel-Seydim ZB. Chemical, microbial, and volatile
compounds of water kefir beverages made from chickpea,
almond, and rice extracts. European Food Research and
Technology. 2024; 250: 2233-2244. https://doi.org/10.1007/
s00217-024-04533-9.

Kesenkas H, Dinkci N, Seckin K, Kinik O, Gong S, Ergéniil PG,
et al. Physicochemical, microbiological and sensory characteris-
tics of Soymilk kefir. African Journal of Microbiology Research.
2011; 5: 3737-3746. https://doi.org/10.5897/AIMR11.579.
Egea MB, Santos DC, Neves JF, Lamas IB, Oliveira-Filho JG,
Takeuchi KP. Physicochemical characteristics and rheological
properties of soymilk fermented with kefir. Biointerface Re-
search in Applied Chemistry. 2023; 13: 127. https://doi.org/10.
33263/BRIAC132.127.

Bensmira M, Jiang B. Organic acids formation during the pro-
duction of a novel peanut-milk kefir beverage. British Journal of
Dairy Sciences. 2011; 2: 18-22.

Cui X-H, Chen S-J, Wang Y, Han J-R. Fermentation conditions

&% IMR Press

[80

[81

[82

[83

[l

—

—

—

of walnut milk beverage inoculated with kefir grains. LWT-Food
Science and Technology. 2013; 50: 349-352. https://doi.org/10.
1016/).1wt.2012.07.043.

Sabokbar N, Khodaiyan F. Characterization of pomegranate
juice and whey based novel beverage fermented by kefir grains.
Journal of Food Science and Technology. 2015; 52: 3711-3718.
https://doi.org/10.1007/s13197-014-1412-9.

Abadl MMT, Mohsin AZ, Sulaiman R, Abas F, Muhialdin BJ,
Hussin ASM. Biological activities and physiochemical proper-
ties of low-fat and high-fat coconut-based kefir. International
Journal of Gastronomy and Food Science. 2022; 30: 100624.
https://doi.org/10.1016/j.ijgfs.2022.100624.

Waulansari PD. Incorporation of oat milk with probiotic Lacticas-
eibacillus casei AP improves the quality of kefir produced from
goat milk. Food Science and Technology, 2022; 42: e10322.
https://doi.org/10.1590/fst.10322.

Gocer EMC, Koptagel E. Production and evaluation of micro-
biological & rheological characteristics of kefir beverages made
from nuts. Food Bioscience. 2023; 52: 102367. https://doi.org/
10.1016/5.1610.2023.102367.

13


https://doi.org/10.1007/s00217-024-04533-9
https://doi.org/10.1007/s00217-024-04533-9
https://doi.org/10.5897/AJMR11.579
https://doi.org/10.33263/BRIAC132.127
https://doi.org/10.33263/BRIAC132.127
https://doi.org/10.1016/j.lwt.2012.07.043
https://doi.org/10.1016/j.lwt.2012.07.043
https://doi.org/10.1007/s13197-014-1412-9
https://doi.org/10.1016/j.ijgfs.2022.100624
https://doi.org/10.1590/fst.10322
https://doi.org/10.1016/j.fbio.2023.102367
https://doi.org/10.1016/j.fbio.2023.102367
https://www.imrpress.com

	1. Introduction
	2. Food Safety and Shelf-Life Considerations
	3. Innovative Studies on Plant-Based Kefir Production Using Different Methods
	4. Comparative Studies on the Use of Plant-Based Materials Other Than Cow Milk in Kefir Production
	5. Conclusion and Future Perspectives
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process

