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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 is used as a starter culture 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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1. Introduction
Fermentation of food products have been practiced since the early ages. The word “fermentation” is derived from latin word “fermentare” which means to leaven. 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 microorgansim that are either present naturally or inoculated in the substrate that undergoes the process of fermentation. Fermentation is carried out in a biovessel known as Fermentor on an industrial scale(fig:1) .French chemist and microbiologist Louis Pasteur in the 19th century used the term fermentation in a narrow sense to describe the changes brought about by yeasts and other microorganisms growing in the absence of air (anaerobically); he also recognized that ethyl alcohol and carbon dioxide are not the only products of fermentation.                            
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                                                                            Fig:1 Fermentor
The common groups of microorganisms involved in food fermentations are bacteria, yeasts and moulds. The most important bacteria in the fermentation of foods are the Lactobacillaceae, which have the ability to produce lactic acid from carbohydrates. Other important bacteria are the acetic acid producing Acetobacter (mainly from fermentation of fruits and vegetables) and Bacillus (from fermentation of legumes) species. The beneficial yeasts in terms of desirable food fermentation are from the Saccharomyces family, especially S. cerevisiae. 
2. What is the need of using fermentation technology in milk production industry?                                                           
With increasing therapeutic effects of fermented food products, consumers are adding fermented milk products containing probiotic culture in their daily food habits. Currently over 400 different commercial names exist for traditionally and industrially produced fermented milk products. The specificity of each type of product is defined by the applied starter cultures, milk quality, and process conditions [25,33,34]. Fermentation processes generally enhance the nutritional interest of many foods and increase the bioavailability of nutrients. The fermentation action of specific lactic acid bacteria (LAB) strains may lead to removal of toxic or antinutritional factors, such as lactose and galactose, from fermented milks to prevent lactose intolerance and accumulation of galactose[45].
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2. Types of fermented milk product
Different types of fermented milk products are obtained by using the process of fermentation. Fermented milk prodcuts that are obtained with using specific starter culture includes yogurt, kefir, acidophilus milk, kumyss(Table 1) 

Types of fermented milks. .

Adapted from Codex Alimentarius (2011)

	Yogurt 
	Symbiotic culture of Streptococcus thermophiles and Lactobacillus subsp.  delbruckii

	Yogurt based on alternative cultures
	Culture of Streptococcus thermophiles and all species of Lactobacillus

	Acidophilus milk
	

	Kefir 
	Culture prepared from kefir granules, Lactobacillus kefiri, species of the genus Leuconostoc, Lactococcus and Acetobacter that grow in a close

specific relationship. The kefir granules constitute lactose fermenting yeast (Kluyveromyces marxianus) and lactose-free fermenting yeasts

(Saccharomyces unisporus, Saccharomyces cerevisiae y Saccharomyces exiguus

	Kumys
	Lactobacillus delbrueckii subsp. Bulgaricus y Kluyveromyces marxianus


3. Fermented milk products having Immunological Properties

Fermented milk products having the probiotic properties enhance the immune system. The growth of benefical microorganism reduces the pathogenic effects inside the body and helps in removing toxins. The health benefits of these microorganisms can be exerted either directly through the interactions of ingested live microorganisms with the host (probiotic effect), or indirectly by ingestion of the microbial metabolites synthesized during fermentation (bioactive effect)[42].

Some of the major health benefits regarding consumption of fermented milk products are below:

3.1 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. In fact, it is known that the proper maturation of the immune system is connected to the colonization of the intestinal microbiota and especially to some specific species of Bifidobacterium[20]. 

3.2Anti-carcinogenic effect
The preventive effect of probiotics on the carcinogenesis may be associated with the modulation of the immune response and changes in the intestinal microbiota, preventing the increase of bacteria that become pro carcinogens in carcinogens [13].Fermented milks may modulate the immune system of the mucosa. The administration of fermented products may have an impact on the intestinal microbiota, stimulate immune cells associated to the intestine and it is useful against the intestinal inflammation and colon cancer[13].In addition, Lactobacillus acidophilus isolated from yogurt reduced tumor growth rate and increased lymphocyte proliferation in a mouse model of breast cancer[38].Fermented dairy products induce apoptosis,cell cycle arrest and reduce tumor growth in breast cancer cells; therefore, it may be suitable in the prevention or treatment of breast cancer[43].
3.3 Hypocholesteromic effects

The probiotic yogurt consumption containing Lactobacillus acidophilus and Bifidobacterium lactis caused a significant reduction in cholesterol serum levels compared with ordinary yogurt [3].It is assumed that probiotic bacteria can metabolize cholesterol and thus reduces its resorption in gastrointestinal tract. In vitro and in vivo studies indicates that lactobacilli, bifidobacteria and other milk bacteria assimilate cholesterol, by incorporation into the cellular membranes, deconjugation and precipitation of cholesterol with bile acids.
3.4 Hypotensive effects

The proteolytic activity of milk bacteria during milk fermentation generates hypotensive peptides with a larger number of amino acid units - casokinins and lactokinis[16]. It has been shown that some fermented milks in vitro and in vivo assays and in clinical studies are antihypertensive agents, and their effects in most cases have been attributed to milk peptides. These fermented milks are as effective as synthetic ACE inhibitors. Therefore, they can be considered hypotensive agents because they can be part of the daily diet.
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Fig:3 Beneficial effects resulting from the consumption of biofunctional fermented dairy foods. Lactic acid bacteria participating in milk fermentation in situ release and naturally enrich the fermented dairy product with a broad range of bioactive metabolites. Subsequent ingestion of this product can exert important health-promoting activities on the consumer, such as anti-hypertensive, and anti-diabetic, immune-modulatory, anti-cholesterolemic or microbiome modulation[42].
4..Advantages of milk fermentation

Fermented milk products have beneficial impact on human intestinal health. Fermented milk products contain live microorganism in the food products that enhances the enzymatic activity which leads to proper digestion of food inside the digestive system. For maintaining a healthy gut microflora of human individual the recent advancements are taking place in enhancing the role of probiotic and prebiotic. The most common strains of LAB used for fermentation of milk are Streptococcus thermophilus, usually in association with Bifidobacteria, such as Bifidobacterium breve C50, Bifidobacterium lactis, Bifidobacterium longum and Bifidobacterium animalis, or with Lactobacilli such as Lactobacillus acidophilus, Lactobacillus rhamnosus, Lactobacillus johnsonii and Lactobacillus casei[21].In fact, many of the foods containing probiotics and prebiotics are fermented dairy products, such as yogurt, which is the most studied fermented dairy product, kumys, skyr, yakult, and kefir [6,9].
Different types of probiotic products. .

Adapted from McFarland, 2015[32]
	Probiotic 
	Formulation 
	Evidence based efficacy
	References 

	Bifidobacterium animalis subsp lactis DN-173010
	Yogurt 
	Constipation
	[60]

	Lactobacillus casei subsp Shirota
	Fermented milk
	Constipation, H. pylori infection
	[30]

	Lactobacillus casei DN-114001
	Fermented drink, yogurt
	Antibiotic-associated diarrhea, prevention of

pediatric diarrhea, respiratory infections
	[14]

	
	
	
	

	Lactobacillus plantarum 299v (DSM9843)
	Fermented oat gruel in fruit

drink, capsules
	Irritable bowel syndrome, Clostridium difficile

infection
	[29]



	Lactobacillus reuteri DSM 17,938
	Capsules, yogurt
	Acute pediatric diarrhea, cholesterol
	[46]

	Lactobacillus rhamnosus GG (ATCC 53013)
	Yogurt, capsules
	Acute pediatric diarrhea, antibiotic-associated

diarrhea
	[27]

	Lactobacillus acidophilus +

Bifidobacterium animalis

subsp lactis
	Yogurt
	Improves in microbiota
	[44]


5.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. New yogurts with plant extracts are currently popular in the dairy market. As consumers are increasingly interested in healthy diets and wellness, with the expectation that food can help them be healthier or may even be capable of preventing illness, probiotic food products made via fermentation of milk, cereals, fruits, and vegetables are receiving attention from scientists as well as consumers[22].
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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 active 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]. Many studies in the medical literature have linked the consumption of chili-enriched meals with increased energy expenditure and oxidation of fats[15].There have been claims that the calyx of capsicums fruits such as chilli, are often rich in various lactobacilli. These natural bacteria create a starter for lacto-fermentation of milk. 
In addition capsaisin from the chilli appears to increase the metabolic rate of the lactobacilli [24,47] The stalks (calyx) of chilli (Capsicum spp.) are general removed as waste during food processing. The use of this considered waste in the curding of milk can however change its status from being a waste product to a product of high economic value therefore turning waste to wealth[25]. This will provide an easy access to healthy starter culture in yogurt making instead of using the inoculum culture that is limited in the market.Red chili pepper is also used to induce curdling of milk, particularly in the colder regions or during winters or when starter cultures run out[21]. Oatmeals are being used as a prebiotic culture to enhance the growth of bacteria that is capable to ferment dairy milk. ). 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 expands the human digestive tract through water absorption, increasing stool volume, softening stool, stimulating gastrointestinal peristalsis, and relieving constipation. 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,vitamins and 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 production of dairy products with oatmeal will provide the population with a full-fledged dietary and healthy product[57]  
	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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7. Futuristics trends in fermented products 
Fermentation are widespread and have blooming platform in food industries nowadays .Recently, precise fermentation emerged as a novel targeted technology for food applications with the aim of providing high-value compounds [8]. This novel technology leverages metabolic engineering tools to serve as a factory of ingredients such as protein, pigments, vitamins, and fats to upgrade the quality of plant-based alternatives [50,59]. Furthermore, fermentation is important for sustainable food solutions and can provide a positive impact on the sustainability index for the food industry [8–5]. Compared to conventional protein sources, biomass fermentation for protein production can rapidly produce a very high protein content among other nutrients. Furthermore, food by-products and wastes can be used as substrates to be transformed in high-value food and feed products [6–9]. This is an environmentally friendly strategy that could encourage a more energy-efficient and sustainable 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 evolution of the number of the products launched in the global market during the last two decades (2002–2022). From 2002 to 2012, the number of fermented plant-based products increased, but at a low speed. During the period 2013–2022, this market witnessed an exponential growth and reached a peak in 2021 owing to the expansion of fermented plant-based meat and dairy alternatives [31], and it is expected to keep growing in the forthcoming years. The outbreak of COVID-19 contributed to fueling consumer interest in fermented plant-based products, owing to their health benefits such as boosting immune system performance and ameliorating gut health and inflammatory responses [14,37]. 
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Fig:6 Evolution of launches of fermented plant-based foods in the global market. A search was conducted on Mintel GNPD (Global New Products Database) on 15 September 2022. Date: from 1January 2002, to 15 September 2022. 
Attempts to create innovative solutions for healthier diets with alternative proteins have been accelerated with the advent of digital technologies and other advanced related innovations. It was reported that the application of digital technologies, such as AI, smart sensors, robotics, and augmented reality, during fermentation can improve the monitoring and performance of the process [53]. For example, throughout the fermentation  process of rice wine, multiple parameters such as temperature, humidity, percentage of sugar and alcohol, and acidity can be measured using IoT, allowing manufacturers t virtually monitor the whole fermentation process online [40]. Incorporation of Industry 4.0 technologies into fermentation facilities, “Fermentation 4.0” has recently been discussed, highlighting its potential to solve relevant problems such as the implementation of complex culture conditions [2]. The implementation of such advanced technologies to achieve automatic detection and control of beer fermentation was recently reviewed and thoroughly discussed [55].

Monitoring the process will offer a better understanding of the synergy among the bacteria/fungi used and how they interact within different media (different raw materials unlike milk). Three-dimensional (3D) cameras and hyperspectral imaging (HSI) would enable real-time monitoring, and thus the process can be adjusted and optimized in real-time during processing [12,36]. For example, in a recent study, HSI was used to predict and quantify the total acid content and reducing sugar content of fermented grains [26]. The application of digital technologies and other advanced innovations has been demonstrably efficient in upgrading the quality and safety of fermented foods and beverages [21,56]
Recent advances in Industry 4.0 technologies have enabled vast progress in precision fermentation due to recent advances in AI, bioinformatics, and systems and computational biology [23,51]. Such advances could offer quality standardization by detecting any potential anomalies in the fermentation process (e.g., mutation), and stable productivity, and thus could be more cost-effective food production methods. Advances in precision fermentation are expected to be key elements in the future to target taste and texture, enhance the shelf-life of plant-based fermented food products, and to mimic their animal counterparts [52–58].

7. 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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