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Abstract 
 
 Milk fermentation is mainly 
associated with the starter culture 
preparation or being using inoculum 
containing starter culture. This time milk 
fermentation has been done using plant 
source which act either as a probiotic or 
prebiotic. The main focus in this study was 
mainly on the capability or properties of 
plant sources which acts as an inoculum for 
fermentation of milk i.e. chilli stalks which 
contain Lactobacillus species. Also, 
oatmeal used in fermentation of milk which 
acts as a prebiotic in milk that enhances the 
growth of probiotic culture that are used for 
milk fermentation. Milk fermented using 
plant sources enhance the quality by 
increasing antioxidant property of the 
fermented product. Therapeutically, 
fermented milk products have added health 
benefits to human individual mainly with 
their gut health which get enhanced by 
addition of beneficial microorganism to 
intestinal gut microbiota by replacing 
pathogenic microorganism from the gut. 
Various other benefits have also been 
observed by the individual consuming 
fermented milk products like reduction in 
bad cholesterol level, anti-carcinogenic 
properties, rise in antioxidant levels, 
cardiovascular health etc. Precise 
fermentation techniques are widely 
accepted on the global basis to provide 
individuals with quality fermented product 
which adds nutritional benefits and healthy 
food habits in humans so that they have 
well sustained, healthy and well balanced 
lifestyle free of disease risks regarding 
foods. 
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I. INTRODUCTION 
 
 Fermentation of food products have been practiced since the early ages. The term 
“fermentation” is taken from latin word “fermentare” that describes to rise or expand. 
Therefore, fermentation is a biochemical process in which carbohydrate or glucose molecule 
is broken down into biomolecules which produces primary metabolites, secondary 
metabolites, enzymes, vitamins etc. The process of fermentation is mostly anaerobic and 
carried out in the presence of microorganism that are either present naturally or inoculated in 
the substrate that perform the action of fermentation. Fermentation should be taken place in a 
biovessel known as Fermentor on an industrial scale(fig:1) .French chemist and 
microbiologist Louis Pasteur in the 19th century used the word  fermentation in a limited 
perception that explains the modification carried out by yeasts and other microorganisms that 
are increasing in the absence of air (anaerobically); he also perceived  hat ethyl alcohol and 
carbon dioxide are not the only outcomes of fermentation.      
                        

 
 

Figure 1: Fermentor 
 
 The ordinary class of microorganisms associated with food fermentations are bacteria, 
yeasts and moulds. The majority of bacteria in the fermentation of foods are the 
Lactobacillaceae, that are capable to bring about lactic acid from saccharides. More salient 
bacteria are the Acetobacter that produce vinegar acid or ethanoic acid by fermenting fruits 
and vegetables and Bacillus species from fermented legumes. The favourable yeasts in case 
of preferable food fermentation are from the Saccharomyces family, chiefly S. cerevisiae.  
 
II. WHAT IS THE NEED OF USING FERMENTATION TECHNOLOGY IN MILK 

PRODUCTION INDUSTRY?                                                            
 
 With increasing therapeutic effects of leavened food products, consumers are adding 
fermented milk foods containing probiotic culture in their daily food habits. Presently above 
400 distinct marketed products are present for consumers that are traditionally and 
industrially produced by fermentation milk. The specification of particular type of product is 
defined by the applied starter cultures, milk quality, and process conditions [25,33,34]. 
Fermentation procedure normally supplement the nutritional interest of numerous meals or 
foostuffs and enhance the bioavailability of nutriments. The leavening act of particular lactic 
acid bacteria (LAB) strains possibly results in elimination of harmful or antinutritional 
factors, such as lactose and galactose, from leavened dairy products to avert lactose 
intolerance and increasing concentration of galactose[45]. 
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Figure 2: 

III. TYPES OF FERMENTED MILK PRODUCT
 
 Various types of fermented milk products are procured by utilizing
fermentation. Fermented dairy prodcuts
includes yogurt, kefir, acidophilus milk, kumyss(
 
Variety of fermented dairy products
 

Yogurt  Cooperative starter or inoculum
and Lactobacillus

Yogurt based on 
alternative cultures 

Culture of 
Lactobacillus

Acidophilus milk  
Kefir  Starters made with the help of 

kefiri, species of the genus 
Acetobact
The kefir particles account for 
(Kluyveromyces marxianus
(Saccharomyces un
Saccharomyces 

Kumys Lactobacillus delbrueckii subsp. Bulgaricus y Kluyveromyces 
marxianus
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Figure 2: Flowchart of Fermentation Process 

 
TYPES OF FERMENTED MILK PRODUCT 

nted milk products are procured by utilizing the method of 
prodcuts that are obtained with using specific starter

, acidophilus milk, kumyss(Table1).  

of fermented dairy products. Modified from Codex Alimentarius (2011) 

Cooperative starter or inoculum of Streptococcus thermophiles
Lactobacillus subsp.  delbruckii 

Culture of Streptococcus thermophiles and all species of 
Lactobacillus 

Starters made with the help of  kefir particles, Lactobacillus 
, species of the genus Leuconostoc, Lactococcus and 

Acetobacter that expand in the vicinity of particular interrelation. 
The kefir particles account for lactose fermenting yeast 
Kluyveromyces marxianus) and lactose-free fermenting yeasts 
Saccharomyces unisporus, Saccharomyces cerevisiae y 

Saccharomyces exiguous) 
Lactobacillus delbrueckii subsp. Bulgaricus y Kluyveromyces 
marxianus 
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IV.  FERMENTED MILK PRODUCTS HAVING IMMUNOLOGICAL PROPERTIES 
 
 Fermented milk products having the probiotic properties enhance the immune system. 
The increasing number of benefical microorganism reduces the pathogenic effects inside the 
body and helps in removing toxins. The beneficial microbes get utilized by direct cooperation 
with consumption of vival microbes with the host (probiotic effect), or alternatively by 
having primary metabolites produced by the fermented milk products[42]. 
 
Part of vital health aids regarding consumption of fermented milk products are below: 
 
1. Modulation of Intestinal Microbiota: Fermented milk products enhances the gut 

microflora by inducing the growth of benefical microorganism inside the gut and removal 
of pathogenic microorganism from the intestine. As a matter of reality, it is studied that 
the actual development of immunity that is linked with the establishment of the 
alimentary gut microbiome having specific part of individual species of 
Bifidobacterium[20].  

 
2. Anti-Carcinogenic Effect: The inhibitory consequences of probiotics on the 

carcinogenesis may be correlated with the regulation of the immune response and 
replacement in the gut microflora, averting the rise of bacteria that enhances pro 
carcinogens in oncogens [13].Fermented milks may regulate the immune system of the 
mucosa. The administration of fermented products may have effect on the intestinal 
microflora, restoring immune cells correlated to the intestine and it is beneficial in case of  
intestinal infection and colon cancer[13]. Additionally, Lactobacillus acidophilus isolated 
from yogurt reduced tumor growth rate and increased lymphocyte proliferation in a 
mouse model of breast cancer[38].Fermented dairy products brings about apoptosis, cell 
cycle arrest and turned down proliferation of tumor in breast cancer cells; as a result, 
possibly acceptable in the prohibition or cure of breast cancer[43]. 
 

3. Hypocholesteromic Effects: The live culture containing yogurt consumption that include 
Lactobacillus acidophilus and Bifidobacterium lactis be the cause of notable decrease in 
low density lipoproteins cholesterol level in blood compared with regular yogurt [3].It is 
supposed that live  bacteria can metabolize cholesterol and thus decreases its resorption in 
GI tract. In vitro and in vivo studies specifies that lactobacilli, bifidobacteria and other 
milk bacteria assimilate cholesterol, by combining into the cellular membranes, 
deconjugation and precipitation of cholesterol with bile acids. 
 

4. Hypotensive Effects: The proteolytic action of milk bacteria at the time of milk 
fermentation initiate hypotensive peptides with a massive amount of amino acid units - 
casokinins and lactokinis[16]. It has been indicated that in vitro and in vivo assays and in 
clinical studies of several fermented milk  results in antihypertensive agents, and their 
consequences in majority of instances have been assigned to milk peptides. These 
fermented milks are as efficacious as artificial ACE inhibitors. Consequently, they can be 
contemplate hypotensive medium because they can be part of the day to day diet. 
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Figure 3: Advantageous results by the ingestion
based meals. Lactic acid bacteria play major 
add the fermented dairy product with a wide
Ensuing consumption of this product can employ major health elevating
consumer, such as anti-hypertensive, and anti
cholesterolemic or microbiome modu
 
V.  ADVANTAGES OF MILK FERMENTATION
 
 Fermented milk produce have advantageous impact on individual 
Fermented milk produce contain live microorganism in the food products that enhances the 
enzymatic activity which leads to proper digestion of food inside the digestive system
maintaining a healthy gut microflora of human individual the recent advancements are taking 
place in enhancing the role of probiotic and prebiotic.
lactic acid bacteria are utilized in milk fermentation
alongwith Bifidobacteria, such as 
Bifidobacterium longum and 
Lactobacillus acidophilus, Lactobacillus rhamnosus, Lactobacillus johnsonii 
Lactobacillus casei[21].In reality,majority 
fermented dairy products like yogurt, which is the most considered
kumys, skyr, yakult, and kefir [6,
 
Various kinds of probiotic products. 
 

Probiotic Formulation
Bifidobacterium 
animalis subsp 
lactis DN-173010 

Yogurt 

Lactobacillus casei 
subsp Shirota 

Fermented milk
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Advantageous results by the ingestion of biologically enhanced fermente
ic acid bacteria play major role in fermented dairy products and essentially

ented dairy product with a wide variety of biologically active metabolites. 
consumption of this product can employ major health elevating activities on the 

hypertensive, and anti-diabetic, immune-modulatory, anti
olemic or microbiome modulation[42]. 

ADVANTAGES OF MILK FERMENTATION 

produce have advantageous impact on individual intestinal
contain live microorganism in the food products that enhances the 

enzymatic activity which leads to proper digestion of food inside the digestive system
maintaining a healthy gut microflora of human individual the recent advancements are taking 

in enhancing the role of probiotic and prebiotic. The majority of ordinary species of 
in milk fermentation are Streptococcus thermophilus

Bifidobacteria, such as Bifidobacterium breve C50, Bifidobacte
and Bifidobacterium animalis, or with Lactobacilli

Lactobacillus acidophilus, Lactobacillus rhamnosus, Lactobacillus johnsonii 
.In reality,majority of meals that includes probiotics and prebiotics are 

ogurt, which is the most considered fermented dairy product, 
,9]. 

of probiotic products. Modulated from McFarland, 2015[32] 

Formulation Evidence based efficacy References
Yogurt  Constipation [60]

Fermented milk Constipation, H. pylori 
infection 

[30]
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Lactobacillus casei 
DN-114001 

Fermented drink, 
yogurt 

Antibiotic-related diarrhoea, 
avoidance of pediatric 
diarrhoea, respiratory 
inflammations 

[14] 

Lactobacillus 
plantarum 299v 
(DSM9843) 

Fermented oat 
gruel in fruit 
drink, capsules 

Irritable bowel syndrome, 
Clostridium crucial 
Contamination or inflammation 

[29] 
 

Lactobacillus 
reuteri DSM 
17,938 

Capsules, yogurt Severe  pediatric diarrhoea, 
cholesterol 

[46] 

Lactobacillus 
rhamnosus GG 
(ATCC 53013) 

Yogurt, capsules Severe  pediatric diarrhoea, 
antibiotic-related 
diarrhoea 

[27] 

Lactobacillus 
acidophilus + 
Bifidobacterium 
animalis 
subsp lactis 

Yogurt Improves in microbiota [44] 

 
VI. WHAT IS THE NEED OF USING PLANT SOURCE FOR FERMENTATION OF 

MILK? 
 
 From decades we are using dairy starter culture or LAB cultures for milk fermentation 
but with recent development in the research are leading to sources other than dairy for 
fermented milk products like plant sources. 
 
 Instead of using starter culture or inoculum for fermentation of milk, these days plant 
sources are in focus for milk fermentation. Recently developed yogurts with plant sources are 
nowadays well accepted in the dairy market. As buyers are gradually focused in physically fit 
nourishment, with the assumption that food can provide them be health fitness or may even 
be able to prevent diseased condition, probiotic food obtained by the action of fermentation 
of milk, cereals, fruits, and vegetables are gaining recoginition from scientists along with the 
public that consume the dairy probiotic.[22]. 
 
 Researches have been done on the addition of chilli stalks for milk fermentation and it 
is generally practised in colder climate for fermentation. Red chili is a common spice used in 
many food items and also in various pharmaceutical preparations[4].Capsaicin (8-methyl-N-
vanillyl-6-nonenamide), one of the vital ingredients in red chili, is known to have several 
medicinal properties, such as its potential to attenuate hypertension[60]and to suppress tumor 
growth by inducing apoptosis [37]. Numerous researches in the medical literature have 
related the utilization of chili-supplemented feed with enhanced energy dissipation and 
oxidation of fats[15]. Available declarations said that the calyx of capsicums fruits such as 
chilli, are frequently abundant in numerous lactobacilli. These innate bacteria produce as an 
inoculum for lacto-fermentation of milk.  
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Figure 4: Flowchart of Fermentation of Milk using Chilli Stalks (adapted by Farinde OF. 

Obatolu VA. Fasoyiro SB, 
 
 Additionally, capsaisin from the chilli turn out to enhance
lactobacilli [24,47] The stalks (calyx) of chi
waste throuhgout food processing. The application of this regarded as a
curding of milk can still change its condition
elevated economic value as a result
access to healthy starter culture in yogurt making instead of usi
up for sale.Red chili pepper is also accustomed in
regions or during winters or when starte
prebiotic culture to enhance the growth 
Prebitoics are given special attention as they play role of dietary fiber which cannot be 
compensated by the use of probiotic exclusively. Dietary fiber provide substrate for Intestinal 
microflora growth and also maintain healthy gut microbiota for smooth working of intestinal 
digestion. Dietary fiber enlarges the individual alimentary canal
improving stool volume, alleviating stool, restoring
coanstipation. Dietary fiber is known as the seventh major nutrient because of its 
physiological functions such as lowering of the lipid levels, regulation of sugar metabolism, 
regulation of intestinal microbes, and reduction of the risk of 
milk with cereal grains like oats combines the nutritional supplement or act like 
nutraceuticals in human individual to maintain t
some essential amino acids that is required by human t
condition and ensures a healthy and well balanced scenario of human health with their 
increasing age and reducing immunity.
feed the community with complete fiber rich 
properties[57].  
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Flowchart of Fermentation of Milk using Chilli Stalks (adapted by Farinde OF. 
Obatolu VA. Fasoyiro SB, et al) 

from the chilli turn out to enhance the metabolic rate of the 
The stalks (calyx) of chilli (Capsicum spp.) are commonally separated as 

food processing. The application of this regarded as a waste
curding of milk can still change its condition from being a waste product to a product

as a result turning waste to wealth[25]. This will provide an easy 
access to healthy starter culture in yogurt making instead of using the inoculum that is limited 

chili pepper is also accustomed in curdling of milk, particularly in the colder 
regions or during winters or when starter cultures run out[21]. Oatmeals are being used as a 

enhance the growth of bacteria that is capable to ferment dairy
Prebitoics are given special attention as they play role of dietary fiber which cannot be 
compensated by the use of probiotic exclusively. Dietary fiber provide substrate for Intestinal 

growth and also maintain healthy gut microbiota for smooth working of intestinal 
digestion. Dietary fiber enlarges the individual alimentary canal through water absorption, 
improving stool volume, alleviating stool, restoring gastrointestinal peristalsis, 

nstipation. Dietary fiber is known as the seventh major nutrient because of its 
physiological functions such as lowering of the lipid levels, regulation of sugar metabolism, 
regulation of intestinal microbes, and reduction of the risk of depression.The composition of 
milk with cereal grains like oats combines the nutritional supplement or act like 
nutraceuticals in human individual to maintain the balance of dietary fibers,
some essential amino acids that is required by human to fight against stressed and diseased 
condition and ensures a healthy and well balanced scenario of human health with their 
increasing age and reducing immunity. The manufacturing of milk foods with oatmeal will 

complete fiber rich food components having
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Flowchart of Fermentation of Milk using Chilli Stalks (adapted by Farinde OF. 
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Figure 5: Chilli 

 
 

Figure 6: Chilli Stalks 

 
 

Figure 7: Oatmeal 

 
VII.  FUTURISTICS TRENDS IN FERMENTED PRODUCTS  
 
 Fermentation are widespread and have blooming platform in food industries 
nowadays .Recently, precise fermentation become evident as a innovative aimed techniques 
in food applications with the focus of presuming valuable combinations [8]. The present 
innovative techniques influences organic manufacturing mechanism to constitute as a factory 
of biochemical components like protein, pigments, vitamins, and fats to improve the 
properties of plant-based substitutes [50,59]. Moreover, fermentation is predominant for 
feasible food solutions and can offer a useful effect on the feasibility index for the food 
industry [8–5]. In contrast to typical protein sources, biomass fermentation for protein 
production can swiftly give rise to much elevated protein ranges in respect to other nutrients. 
Additionally, food by-products and wastes can be utilized as substrates to be modified in 
invaluable food and feed products [6–9]. This is an ecologically safe approach that could 
vitalize a more optimized and feasible economy. 
 
 The global market of plant-based products made using fermentation was valued at 
USD 329.29 million in 2021 and is expected to reach USD 422.26 million by 2026, with a 
compound annual growth rate (CAGR) of 5.0% [19,48]. Figure 6 illustrates the development 
of the number of the products instigated in the global market throughout the last two decades 
(2002–2022). From 2002 to 2012, the sum total of all fermented plant-based products 
escalated, but at a slow rate. Throughout the period 2013–2022, this market observed an 
expanding growth and reached a peak in 2021 on an account to the scale up of fermented 
plant-based meat and dairy substitutes [31], and it is anticipated to retain growth in the future 
years. The epidemic of COVID-19 contributed to inflaming consumer inquisitiveness in 

Plant Sources Microorganism Fermented Product Therapeutic Effect 
Chilli stalks Lactic acid bacteria Curd  Acts as a probiotic to 

enhance intestinal health 
Red chilli Lactic acid bacteria Curd  Probiotic to ehance gut 

microflora 
Oats  Streptococcus 

thermophiles  and 
L.plantarum 

Yogurt  Acts as a prebiotic for 
starter culture and ehnace 
dietary fiber to the 
intestinal digestion 
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fermented plant-based products, provid
system action and relieving gastro
 

 
Figure 8: Development on instigation 

Research was organized on Mintel GNPD (Global New Products Database) on 15 September 
2022. Date: from 1January 2002, to 15 September 2022.

 
 Efforts to generate inventive results for improved
have been rushed with emergence of hi
transformations. Earlier described that the implementation
artificial intelligence, advanced detectors, automated machinery, throughout fermentation that
enhance observation or execute 
rice wine, numerous criterias like he
can be estimated using technologies
leavening procedure electronically connected
fermentation benefits, “Fermentation 4.0” has just now 
capability of resolving correlated complications 
constrains[2]. The application of such newly developed 
identification and management
considered [55]. 
 
 Inspecting the procedure will provide a recommendable interpretation
coordination amidst the microorgnaism and their interaction
components instead of milk). Three
(HSI) would allow real-time inspection
modified or enhanced in reality 
was acclimated to project and evaluate
fermented grains [26]. The implication of digital tech
transformation has been conclusively well or
of fermented foods and beverages
have allowed extensive development in accurate fermentation due to late
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cts, providing them healthiness comforts like enhancing
gastro-intestinal condition and irritating reactions [14,37

Development on instigation of fermented plant-based foods in the global
on Mintel GNPD (Global New Products Database) on 15 September 

2022. Date: from 1January 2002, to 15 September 2022. 

nventive results for improved nourishment with substitute
mergence of hi-tech equipments and further newly discovered 

described that the implementation of hi- tech equipments, namely 
artificial intelligence, advanced detectors, automated machinery, throughout fermentation that

 action[53]. As instances, all through leavening
criterias like heat, moisture, amount of glucose and alcohol, and acidity 

be estimated using technologies, permiting producers to practically detect the entire
leavening procedure electronically connected [40]. Addition of Industry 4.0 technolog

“Fermentation 4.0” has just now been debated, underlining their
related complications like the execution of convoluted

]. The application of such newly developed technologies to attain automated
identification and management of beer fermentation was lately evaluated and entirely 

Inspecting the procedure will provide a recommendable interpretation
the microorgnaism and their interaction with distinct media (other fresh 

milk). Three-dimensional (3D) cameras and hyperspe
time inspection, and consequently procedures are practically 

in reality throughout processing [12,36]. Like, in a latest studies, HSI 
was acclimated to project and evaluate the overall acid content and reducing sugar co

plication of digital technologies and other recently developed 
conclusively well organized in enhancing the value and well

of fermented foods and beverages [21,56]. Current development in Industry 4.0 technologies 
have allowed extensive development in accurate fermentation due to latest improvement
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AI, bioinformatics, and systems and computational biology [23,51]. Similar improvements 
could provide value standardization by detecting any prospective inconsistency in the 
fermentation procedure (e.g., mutation), and steady yield, and therefore more economical 
food production techniques. Development of accurate fermentation are anticipated to be basic 
components in the upcoming years to choose taste and texture, increase the longevity of 
fermented food products from plant sources, and to imitate their animal counterparts [52–58]. 
 
VIII. CONCLUSION 
 
 This study on using plant source for fermentation of milk mainly draw attention 
toward the evolution in fermented milk products. Since,the early ages the starter cultures are 
being in practise for fermentation till nowadays, but  there is a limitation of starter cultures on 
industrial scale and it is also difficult to maintain the culture for a longer period of time as 
there are chances of contamination of the starter culture species. So, recent advances are 
suggesting to introduce plant sources in fermentation industry especially chilli, chilli stalks, 
oatmeals in fermentation of milk. Also fermentation of milk with plant source add therapeutic 
value to fermented food products that have the ability to enhance immunological properties to 
fight off various kind of infection and disease. So we can extend the research related to plant 
sources for fermentation of milk furthermore to gain knowledge about its different probiotic 
and prebiotic strains that are present in plant sources and also to study more about the 
nutritional values of functional foods products that produced using plant based fermentation. 
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