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Abstract: Now a days, probiotic enriched functional food has a growing attention due to its health benefits. Probiotics are 

healthy live microorganisms that are readily available in human gut system in minor quantity. Intake of adequate amount of 

probiotics provides beneficial effect on the human health. Even though probiotic products are commonly marketed in the form of 

fermented dairy products, consumer awareness has recently grown towards the non-dairy based probiotic products basically due 

to increase of lactose intolerance, vegetarism and the ability of non-dairy based matrixes to maintenance the health. Therefore 

consumers are looking for healthy probiotic counterparts by replacing dairy bases. Lactobacillus spp and Bifidobacterium spp are 

the predominant and frequently use probiotic microorganism species for formulating non-dairy based probiotic food matrixes. 

Due to specific flavour, texture, refreshing nature and gut stability, the demand for non-dairy based probiotic products has rapidly 

increased. Therefore, focus of the development of non-dairy based probiotics including vegetables, fruits, cereals, meat, bakery 

produces and confectioneries are crucial. The present paper reviews the potential applications of non-dairy base food matrixes as 

probiotic counterparts and the characteristics that enable the use of these food matrixes as potential carriers of probiotic 

microorganisms.   

 

Index Terms: Non-dairy, Probiotics, vegetable, meat, bakery products   

 

 

1 INTRODUCTION                                                                     

History of the utilization of probiotics is stretched back in to a time before microbes were discovered [1]. 

Now a days, the beneficial effect of food along with added microbes (like probiotics) are being increasingly 

promoted by health professionals over the world [2]. Probiotics are bacteria and yeast who have an ability 

to prevent and/or treat some illnesses through stabilizing the microbial community at the presence in 

adequate amount [3,4]. Lactic acid bacteria such as Lactobacillus spp, Streptococcus spp, Bifidobacterium 

spp are the most common probiotic microorganisms that provide beneficial effect to the body [5]. Intake of 

probiotics incorporated food is one way of obtaining probiotics through oral consumption. The probiotic 

fortified products are considered as functional foods due to its ability of providing additional important 

functions for human health [6]. Dairy products are the main category of food stuff which could formulate, 

transfer and deliver the probiotic bacteria due to availability of significant amount of sugar (e.g. lactose) 

which provide a medium to grow the probiotic bacteria [4,7–9]. However, milk allergies, increase of lactose 

intolerance, environmental concerns and problems occur due to diets rich in cholesterol encourage demand 

for non-dairy based product [10]. The increase preference of new taste and flavor build a motivation and 

consumer demand for the non-dairy based probiotics further [11,12]. Therefore non-dairy based juices, 

vegetables and cereal based products, bakery products have been processed to accomplish the increasing 

consumer demand [13–16].  
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Fruits and vegetables are healthy foods as same as the dairy, due to contain of lots of beneficial nutrients 

such as mineral, vitamin, dietary fibers and antioxidants; meanwhile it shows lack of allergen, less of 

lactose and cholesterol [17]. Characteristics such as intercellular space (pores) in plant tissues, lenticels and 

tissue lesions in plant cut, damaged vegetable surfaces and minimally processing vegetables (peeled and 

cut) promote release of cellular content rich in minerals, sugar, vitamins and other nutrients and allow the 

probiotic bacteria to access the fruit and vegetable products [18]. Further, complex carbohydrates and 

phenolic like plant compounds may be act synergistically with probiotics [19,20]. However, the ability of 

probiotic strain to survive during food processing and/or the ability to compete with metabolically active 

microorganisms occurring in the food matrix are the main concerns which efficacy of a probiotic food is 

mainly depend on [21]. There are lots of non-dairy based products have been developing over the world 

under different categories including fruit and vegetable based products, cereal based products, soy based 

products, baked products, confectioneries, meat based products in addition to dairy based products. 

 

Functional foods and beverages are fortified with addition of exogeneous functional compounds or 

biogenic producible microorganisms or probiotic microorganisms [22]. However, incorporation of probiotic 

culture in non-dairy based food is a great challenge due to different reasons. Especially, probiotic viability 

in food matrix is basically depend on different factors such as PH, temperature, oxygen level and presence 

of competing microorganisms and inhibitors [23]. Namely Acidity/PH, oxygen level, lack of nutrients and 

presence of antimicrobial substances in product are directly effect on viability of probiotic cultures within 

the product [24]. Therefore, prior to develop the probiotic enrich non-dairy products, proper studies should 

be intended on each and every food category (cereals, soy, fruits, vegetables, meat) [25].  

 

Table 01: Proved microorganisms considered as probiotics [26–28] 

Lactobacillus Bifidobacterium 
Other lactic acid 

bacteria 

Non-lactic acid 

bacteria 

Lactobacillus 

acidophilus 

Bifidobacterium 

adolescentis 

Enterococcus faecalis Bacillus cereus var. 

toyoi 

Lactobacillus 

amylovorus 

Bifidobacterium 

animalis 

Enterococcus faecium Enterococcus 

faecalis 

Lactobacillus brevis Bifidobacterium 

adolescentis 

Lactococcus lactis Enterococcus 

faecium 

Lactobacillus casei Bifidobacterium 

bifidum 

Leuconostoc 

mesenteroides 

Escherichia coli 

Nissle  

Lactobacillus 

cellobiosus 

Bifidobacterium 

breve 

Pediococcus 

acidolactici 

Lactococcuslactis 

subsp. lactis 

Lactobacillus 

crispatus 

Bifidobacterium 

infantis 

Streptococcus 

thermophilus 

Leuoconostocmes 

enteroides 

Lactobacillus 

delbrueckii subsp. 

bulgaricus 

Bifidobacterium 

lactis 

Sporolactobacillus 

inulinus 

Propionibacterium 

freudenreichii 

Lactobacillus 

fermentum 

Bifidobacterium 

longum 

 Pediococcus 

acidilactici 
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Lactobacillus 

gallinarum 

Bifidobacterium 

thermophilum 

 Saccharomyces 

boulardiilyo 

Lactobacillus gasseri   Saccharomyces 

boulardii 

Lactobacillus 

helveticus 

  Saccharomyces 

cerevisiae 

Lactobacillus 

johnsonii 

   

Lactobacillus lactus    

 

1.1. Fruit & vegetable based probiotics developments 

Some researchers reported that fruit and vegetable based beverages may be the next category of food 

matrix to serves as carriers of probiotic bacteria [29]. Fruit juices has been recognized as novel and 

appropriate medium for fortification with probiotic cultures [30, 31]. Not only fruit juices, vegetable 

beverages are also serve a good medium for the growth of probiotics [32]. Fruits and vegetables in both raw 

and fermented form provides a substrate for probiotic bacteria. Because, the nutrients contain in the foods 

can easily be associate with probiotics [33]. However, lactic acid bacteria have special requirements and 

nutrient (essential amino acid and vitamins) for their growth. The scientist have found that there are some 

probiotic bacteria who can grow on fruit products and the cells growing ability is depend on strains, feature 

of substrate, oxygen content and acidity in final product [34]. Lactobacillus acidophilus, Lactobacillus 

casei, Lactobacillus plantarum, Lactobacillus rhamnosus, Bifidobacterium lactis are the most utilize 

probiotic bacteria for formulating new vegetable based probiotic products [35]. 

 

The general procedure of producing fermented and non-fermented probiotic enriched fruits and vegetable 

juices include, washing the relevant fruit and vegetable source, peeling and extracting the juice, filtration, 

filling in to sterilized containers, post sterilization, incorporation with probiotics and storage under 

refrigeration conditions. Additionally, fermentation is done after doing all above steps for fermented 

product category and store under refrigerate temperature [36]. However, the production process of 

probiotics based fruits and vegetables may vary based on the product type (such as salted, unsalted and 

mixed form); however, selection of suitable fruits and vegetables, cleaning, washing, disinfecting 

blanching, peeling and shredding steps are common to all three types of products. The production of salted 

probiotic product with 2.5-10% salt involves, soaking in a brine solution, fermenting for 5-30 days at 25-30
 

◦
C, drying or pressing, pasteurization, packing and storing respectively after doing common steps. The 

unsalted fermented fruit or vegetable products involves shredding, sun drying, filling in to vessel, 

fermenting for 1-2 weeks at 2-10 
◦
C, pasteurization, packing and storing steps accordingly. Further, soaking 

in a brine solution, fermenting 1-2 weeks at 10-25 
◦
C, drying, pressing, pasteurization, packing and storing 

steps are followed respectively after shredding for production of mixed products with 3-5 % salt along with 

other ingredients [37]. 

 

Large red beet provides a raw material for production of probiotic beet juice by lactic acid fermentation 

with Lactobacillus acidophilus, Lactobacillus plantarum. This bacteria have an ability to produce greater 

amount of lactic acid compared to other cultures. However, most of the culture viabilities in fermented beet 

juice are gradually lost during cold conditions while remaining Lactobacillus plantarum at 10
6
-10

8
 CFU/ml 
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after 4 weeks in 4
 
℃ cold storage [38]. Grape juice also serve a matrix to deliver probiotics without 

addition of peribiotics (like insulin). Probiotic grape juice has developed through inoculating the 

Lactobacillus paracasei in to pasteurized ripen grape juice along with addition of proteolytic enzymes 

during juice processing to reduce the pectin content and for extraction of pigment and flavor compounds 

[39]. The probiotic carrot juice produced by incorporating Lactobacillus acidophilus, Lactobacillus 

plantarum, Lactobacillus casei and Bfidum longum at optimum conditions and do not require to provide 

any additional nutrient supplementation for retention of the viability of probiotic strains. Proximate 

probiotic carrot juice showed reduction in carbohydrate and increase in protein level than fresh carrot juice 

[40]. Pomegranate juice is fermented with incorporating Lactobacillus plantarum, Lactobacillus 

delbrueckii and they maintain optimal probiotic growth and viability during first two weeks of storage at 4
 

℃ whereas Lactobacillus acidophilus and Lactobacillus casei lost their viability. Also scientist has found 

that citric acid which is the main organic acid present in the pomegranate juice is readily consumed by all 

probiotic microorganisms and indicate that the pomegranate juice may be a potential substrate for 

production of non-dairy based probiotic product [41].  

 

Sauerkraut is made by using cabbage and salt and it is also consider as a probiotic super food due to 

spontaneous probiotic bacteria such as Lactobacillus sakei, Lactobacillus plantarum, Lactobacillus 

hokkaidonensis, Lactobacillus rhamnosus, Leuconostoc spp. This lactic acid bacteria provide enhance 

immune system function and help to prevent various illnesses while promoting the lactose digestion [42]. 

However, fermented cabbages did not show a significant change of sensory properties such as flavor [30]. 

Some researchers developed the probiotic based fermented yam with Lactobacillus acidophilus and it has 

found that the fermented yam could be produced without change in the allantoin and diosgenin content and 

thereby could provide many health benefits such as prevention of ulcers and inflammation [43]. Fermented 

tomato juice is prepared by Lactobacillus acidophilus and improve the sensory qualities of the final product 

[44]. Tomato juice provide a substrate for lactic acid bacteria except Lactobacillus acidophilus, 

Lactobacillus plantarum and Lactobacillus casei [45]. However, the probiotic bacteria has a capability of 

rapidly utilizing tomato juice for cell synthesis and lactic acid production without doing any pH adjustment 

[46]. Fermented banana puree is spongy soft solid, floating in a clear liquor which has been made by 

incorporating probiotics bacteria such as Lactobacillus bulgaricus, Leuconostoc mesenteroides [47]. 

Banana flour can be used for producing non-dairy yogurts, drinks and confectioneries with Enterococcus 

durans, Enterococcus faecium and Lactobacillus curieae like lactic acid bacteria strains [48]. Kimchi is a 

tasty traditional Korean fermented vegetables product which has been produced by incorporating group of 

probiotic lactic acid bacteria, especially, with Leuconostoc mesenteroides, Lactobacillus plantarum and 

variety of Leuconostoc and Lactobacillus species including Leuconostoc citreum, Leuconostoc 

gasicomitatum, Leuconostoc gelidum, Lactobacillus brevis, Lactobacillus sakei. It is a healthy food same as 

yogurt due to providing various good health effects such as cholesterol reduction, fibrolytic effect, anti-

oxidative properties, anti-aging properties, brain facture, anti-mutagenic effect, anti-cancer effect, anti-

obesity, anti-atherosclerotic and immunity potentiating functions. Cruciferous vegetables such as cabbage 

etc. are the main ingredient of Kimchi and sub ingredients include red pepper powder, garlic, ginger, green 

onion and contain various phytochemicals [49].  

 

Moreover, some studies produced fresh cut apple slice wedges enriched with probiotic microorganisms by 

dipping apple wedges in an edible buffer solution namely probiotic culture to impart good physicochemical 

and sensory characteristics [50]. The probiotic peach jam has developed with Lactobacillus rhamnosus 
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strain and no any significant color modification was noticed in fresh produce form. Also it showed that 

peach jam might be a good candidate for producing novel non-dairy probiotic products with Lactobacillus 

rhamnosus strain either at refrigeration condition or at room temperature. Not only that the results have 

showed that daily intake of about 10 g of peach jam contribute to 10
8
-10

9
 viable probiotic cells with 45 and 

78 days storage time period in room temperature and refrigerated conditions respectively. Contrast to the 

milk based probiotic products, those contain more than 10
6
 probiotic bacteria per mL at the end of their 

shelf life which is normally around 30 days at refrigerated conditions [51]. Peanut cheese spread analog has 

produced by mixing peanut and water in 1:6 ratio with Lactobacillus rhamnosus and improved the 

functionality of product. However, the viability of probiotic strain is decreased from 2.34 × 1010 to 2.78 × 

106 during 15 days storage period [52]. Noni juice which is a popular beverage originating in tropics has 

converted in to probiotic Noni juice by incorporating with probiotic bacteria such as Lactobacillus 

plantarum, Bifidobacterium longum. Because, probiotic bacteria has an ability to utilize Noni juice in cell 

synthesis and lactic acid production without external nutrient supplementation [53,54]. Almond milk is also 

a desirable matrix to obtained fermented derivative products through combining Lactobacillus reuteri 

probiotic bacteria and Streptococcus thermophilus. The process of fermentation modify the inner structure 

of almond milk by converting it in to a weak gel that facilitate retention of water content of almond milk 

[55].   

 

1.2. Cereal based probiotic products 

 

Not only the fruit and vegetable sources, but also the cereals provide a good substrate for growth of 

probiotic strains [56]. Namely, cereal and cereal based products offer chances to include probiotics 

prebiotics and fiber in human diet [57]. The constituents of cereal such as water soluble and insoluble β-

glucan and arabinoxylans, oligosaccharides, resistant starch etc. are utilize to grow probiotic 

microorganisms [58]. Lactic acid bacteria such as Lactobacillus fermentum and Lactobacillus plantarum 

are the most common species with spontaneous lactic acid fermentation of cereal products and in addition 

to them Lactobacillus species such as Lactobacillus casei, Lactobacillus sakei, Lactobacillus acidophilus 

and Lactobacillus salivarius are also involved for the fermentation of cereal based fermented products [59].  

 

Cereal grains are considered as important source of dietary proteins, carbohydrates, vitamins, minerals and 

fiber. However, nutritional quality of cereals and sensorial properties of their products may be poor 

compare to the milk and milk products due to some facts such as lower protein content, deficiency of 

certain essential amino acids (like lysine), lower availability of starch, presence of anti-nutrients like phytic 

acid, tannins and polyphenols and the coarse nature of the grain. Therefore various methods have been 

employed to ameliorate the nutritional qualities of cereals including genetic modifications and 

improvements, amino acid supplementation with protein concentrates or other protein rich sources, 

following the cooking, sprouting, milling and fermentation like processing technologies although probably 

fermentation is the best method [60]. In general natural cereal fermentation lead to decrease carbohydrate, 

non-digestible poly and oligosaccharides, improve the synthesis of certain amino acids and B vitamin 

availability, provide optimum pH condition for enzymatic degradation of phytate which contain in cereal in 

the complexes form with polyvalent cations including iron, zinc, calcium, magnesium, protein to increase 

the amount of soluble iron, zinc and calcium several folds [60–65]. Cereal products often ferment 

spontaneously, provide improved shelf life as well as better nutritional properties compared to the raw 

cereals [60]. The organoleptic properties of cereal based foods and dairy fermented foods which are 
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produced by lactic acid fermentation and are highly depend on organic acid amount in the product [66].   

 

According to the probiotic growth studies on cereal based substitutes, malt medium encourage growth of 

probiotic population due to availability of maltose, sucrose, glucose, fructose and free amino nitrogen. 

Having sugar rich medium facilitate high chance of consumption of sugars during their exponential phase 

and result in lactic acid and acetic acid accumulation which lead to decrease the pH the medium. However, 

in contrast to malt, barley and wheat substrates provide lower cell population especially for Lactobacillus 

acidophilus & Lactobacillus reuteri due to availability of lower sugar content and lower free amino 

nitrogen concentration [66]. However, wheat and barley extracts show a significant protective effect on 

some probiotic microorganism’s viability such as Lactobacillus plantarum, Lactobacillus acidophilus, 

Lactobacillus reuteri under acidify conditions [56].   

 

The snack called ‘Yosa’ is a new product made from oat bran pudding cooked in water and fermented with 

both lactic acid bacteria and Bifidobacteria. The finish product texture and flavor of ‘Yosa’ is more similar 

to the yoghurt although it totally free from dairy or other animal product [67]. Therefore, it is a healthy 

addition to the diet due to contain of fiber and probiotic lactic acid bacteria. Further it is free from lactose, 

low in fat and β-glucan. Some researchers have found that the probiotic cultures such as Lactobacillus 

reuteri, Lactobacillus acidophilus and Bifidobacterium bifidum have a better ability to grown on non-dairy 

oats based products [67]. Oats consist with high soluble and insoluble fiber and it support for the 

fermentation ability of probiotic lactic acid bacteria. The probiotic oat drink has developed by incorporating 

Lactobacillus plantarum in to 5.5% oats, 1.25% sugar & 5% inoculum to obtain 10.4 log CFU/ml growth. 

The shelf life of the fermented oats drink extended over a period of 24 days and β-glucan level remained 

unchanged throughout both fermentation process and entire storage period [68]. Further, by using 

combination of barley slurry, sorghum slurry, garden cress seed powder, pumpkin seed powder with lactic 

acid bacteria starter culture containing Lactobacillus acidophilus and Bifidobacterium bifidum, a cereal 

based probiotic beverage has been developed and it showd 9 days shelf life under refrigeration storage at 

4
◦
C [69]. Moreover, the probiotic rice pudding is a better source of delivering probiotic by high levels of 

Bifidobscterium lactis with appreciated organoleptic quality and survivability of probiotics microorganisms 

has found in rice pudding for 14 days [70].   

 

Soy bean based probiotic products 

Soy bean and soybean derivatives show a good potential for functional food applications due to large 

amount of health beneficial components such as protein, isoflavones, fiber, essential fatty acids, 

oligosaccharide [71].  Many research studies have proven that soy is better medium for probiotic bacteria. 

Fermentation eliminate the soy taste namely beanie taste that is unacceptable for many consumers [72]. 

Production of soy milk by incorporating probiotic bacteria such as lactic acid bacteria increase its health 

benefits and also considered as a healthier than pure milk [73]. Use of Bifidobacteria for fermentation of 

soy is made protein more digestible, reduction of soy oligosaccharide, stacchiose and raffinose which are 

responsible to digestive problems [74,75].  

 

Probiotic soy milk which is fermented through inoculating probiotic cultures such as Lactobacillus 

acidophilus and Bifidobacterium spp reflect a porcelain shine light color appearance, smooth texture and 

consistency without any characteristic odor [76]. Probiotic soy curd, formulated by incorporating enterocin 

producing culture Enterococci faecium and can be used as a therapeutic agent for food borne diseases 
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treatment such as Traveler’s diarrhea, gastroenteritis [77]. Sogurt namely soy yoghurt has prepared from 

soy milk derived from germinated soy bean fermented by combining probiotics of Lactobacillus helveticus. 

The product has end up with better physiochemical, sensorial properties and improved texture properties 

(such increased adhesiveness, decreased hardness and gumminess) [77]. The probiotic soy cheese has made 

from soy milk fermented with soy cheese bacterial starter cultures combining with probiotic bacteria such 

as Lactobacillus rhamnosus and final sensory evaluation has found that those are not adversely affect on 

composition texture or sensory characteristics. The Lactobacillus rhamnosus can favorably utilize soy 

oligosaccharides as carbon source and they having capability of withstanding the technological processing 

of soy cheese [78]. Probiotic tofu is also a functional food which contains greater number of lactic acid 

bacteria and acceptable sensory characteristics that lead to enhance the consumer palatability. Acceptable 

sensory characteristics, high quality, high number of probiotic bacteria and appropriate stability are the 

features that shown by probiotic tofu [79]. Peanut-soy milk has produced by utilizing two important 

vegetable protein sources, peanut and soy which are readily available in abundance and at a reasonable cost 

and are comparable with protein content from animal based foods. For producing this beverage six different 

lactic acid bacteria have inoculated in to peanut-soy milk including probiotic lactic acid bacteria such as 

Lactobacillus lactis, Lactobacillus rhamnosus with other microorganisms [80]. Also in the way eligible 

probiotics and nutritionally improved functional soy product have yielded with the addition of soy fiber and 

probiotic kefir culture present better chemical composition and difference in color compared to the 

fermented products without fiber. Also, it has found that the functional soy product is with high firmness 

and also reduced syneresis compared to the fermented soy products without fiber and the product is 

considered as a better probiotic product due to retention of high Lactococcus lactis count during entire 

storage period [81].  

 

1.3. Probiotic based bakery products 

Bread is defined as a staple food in large segment of the world and an almost consumed every day. Also, 

bread is considered as a nutritious food product due to its composition including minerals, vitamins and 

dietary fibers [82]. However, application of probiotics in bread is challenging due to the fact that 

involvement of high temperature during baking process which could be significantly affected the probiotic 

cell viability [83,84]. Especially, temperature, moisture content, matrix structure like factors are affected to 

the retention of probiotic bacteria during baking through their affects on thermal and dehydration 

inactivation kinetics as far as consider the inactivation of probiotic bacteria in bread it can be seen that 

thermal inactivation is dominant compared to dehydration inactivation during baking [85]. Lactic acid 

bacteria such as Lactobacillus brevis, Lactobacillus plantarum have been frequently involved for the 

sourdough fermentation by giving acidification and proper structure to the grain and crubs. Also, some 

specific strains are involved to bread making who has ability to delay being firmness and staling [86].  

Some studies has found that inoculation of Lactobacillus plantarum has an ability to produce dough similar 

as yeast fermented dough but with a larger dough volume [87].  Also sub strains of Lactobacillus plantarum 

and its active metabolites could be used to prolong the bacillus free shelf life of yeast leavened bread to 70 

days at 30°C. Therefore it has recognized that bread is an interesting potential vehicle of viable probiotics 

[85].  Bifidobacterium subtilis is a spore forming bacteria who have an ability to sporulate when expose to 

harsh environmental conditions and its property confers major advantage when Bifidobacterium subtilis  is 

used as a probiotic in food manufacturing processes such as baking that involve in temperature. When it is 

sproulated from Bifidobacterium subtilis has an ability to bear and survive heat shock, high acidity, high 

water activity and high sugar content. Also another advantage is it can be incorporate that microorganism in 
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any step in bread and bakery good during production process. It has found that probiotic Bifidobacerium 

subtilis strain remains stable under different processes such as baking, freezing, extrusion and that leaded 

toward excellent potential to use it as a candidate for incorporation probiotic in a different food product 

[88–90].  Incorporation of probiotics in to bakery product has shown improvement of several technological 

parameters including volume, specific volume, texture along with sensorial parameters such as flavor and 

aroma. Because of the harsh thermal stress happen during baking sourdough, technology along with 

probiotic micro capsulation has been studies as an alternative to enhance its beneficial effect such as 

nutritional value, increase cell viabilities though in few occasions [91].  

 

1.4. Confectioneries based probiotic products 

Confectionery is a type of often popular product obviously among children and youth allows to enrich diet 

with probiotic products which is given similar taste of traditional products. Refrigeration temperatures are 

not needed to store these products and hence being always “within reach”. Lactic acid bacteria viability in 

some products are high caused by low moisture content in product, keep of required water activity, below 

0.6, high carbohydrate concentration mainly saccharose and limited access of oxygen. However the 

probiotics viability in confectioneries is basically depend on product recipe mainly the fat type, 

technological processes used for obtaining product processes time and conditions of storage. In fresh 

biscuits an increase of hardness is caused by properly tempered couverture, with properly crystallized fat in 

is V polymorphic form. But higher hardness of biscuits coated with couveture supplemented with lactic 

acid bacteria show that it has a better textural properties because of lactic acid bacteria addition is not 

hinder couveture fat crystallization. Obtaining confectionary cores used for couveture coating are done by 

mixing wheat flour, sugar, eggs and confectionary fat and raising agent in a ratio 100:30:20:10:1 [92]. 

 

1.5. Meat based probiotic products  

The meat products such as raw cured and ripen meat have been traditionally produced through native or 

added carbohydrates fermentation process by lactic acid bacteria which are found in meat itself or in its 

environment. Manufacturing of probiotic meat products are relatively new to the industry and not well 

recognized field of meat industry [93]. Three main applications fields for use of such cultures can be seen 

in meat industry such as raw fermented sausages, raw cured hams and pasteurized, sliced pre-packaged 

meats (cold cuts) [94–98].  Lactobacillus strains such as Lactobacillus sakei and Lactobacillus curvatus are 

often predominant lactic acid bacteria which are used for raw fermented sausage production. In addition to 

them Lactobacillus versmoldensis, Lactobacillus plantarum, Lactobacillus brevis, Lactobacillus farciminis, 

Lactobacillus alimentarius like Lactobacillus bacteria and Leuconostoc are also used for producing raw 

fermented sausages,but usually occur in significantly lower numbers [99]. Some present studies have 

indicated that there is a possibility to make dry sausages by incorporating probiotic or bioprotective 

organisms such as Lactobacillus rhamnosus, Lactobacillus plantarum. The number of lactic acid bacteria 

whether it is 8 log CFU/g or 9 log CFU/g in final dry sausage product does not affect either technological 

or sensory properties including flavour of produced dry sausages [100]. Also, it has found that the sensory 

and microbiological quality of fermented pork loin is depend on the used probiotic strain for fermentation 

process. Lactobacillus acidophilus has given the higher sensory quality after storage and the highest 

Lactobacillus bacteria count has given from Lactobacillus casei. Also it has indicate that addition of 

Lactobacillus acidophilus with 0.2% glucose in to pork loin show the lactic acid bacteria viability at the 

level 10
6 

log CFU/g after 6 months storage [101].  
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2. Scope of future challenges 

Keeping viability and stability of probiotic microorganism is a major technological and marketing 

challenge for industrial producers. Because both good viability and probiotic activity are considered as 

prerequisites for optimal functionality. However, some studies have shown that non-viable probiotics can 

have beneficial effect such as immune modulation and carcinogen binding in host [102,103]. Good sensory 

properties, phage resistance viability during processing, stability in the product and during storage like 

several technological aspects have to be considered when selecting the probiotics for processing [104]. 

Usually the commercially available probiotic cultures may consist with a single probiotic strain or mixture 

of several strains and most probably the probiotic properties are affected by the way in which strain or 

cultures has been produced [105]. Because of that specific adequate information on strain specific 

properties should be available for optimizing the process. Commercial interest is going toward the 

production of stable starter and probiotic lactic acid bacteria which contain large number of uninjured, 

viable cells and large savings of liquid and frozen concentrates are highly cost during transportation and 

storage. Culture stability improvements can be done using both freeze drying and spray drying 

preparations. Even though spray drying is more economical than freeze drying freeze drying is the most 

popular method to produce dried lactic acid bacteria preparations; because many lactic acid bacteria cannot 

tolerate high temperatures which are usually used during spray drying. Although freeze drying is less 

destructive to microorganisms when compared to the spray drying. Application of probiotic cultures on 

non-dairy based food matrix is a huge challenge. For probiotic containing baby foods, confectioneries like 

products it is very important that formulation maintains the probiotic viability and activity for extended 

period of time. Even though the probiotic cultures are included as ingredients to such kind of products 

usually multiplication is not happened which sets grate demands for the stability of probiotics. Water 

activity, oxygen tension and temperature like factors become increasingly significant when dealing with 

these kinds of products. Also, storing in room temperature is common for cereal products, drinks, 

confectioneries etc like non-dairy products and it can be led to overwhelming challenge for probiotic 

stability [104]. Use of probiotic encapsulation technology for ensuring probiotic stability sometimes 

overcome this problem [27].  

 

 

Table 2: comparison of dairy and non-dairy based probiotics [106,107]. 

Characteristics Dairy based probiotics Non-dairy based probiotics 

Products Yogurts, fermented sour 

milk, cheese 

Soy products, cereal based products, 

fruit and vegetable juices, fermented 

meat and fiah products 

Lactose intolerance Adverse effect No issue 

Availability of calcium Beneficial effect  No issue 

High fat Adverse effect No issue 

Cholesterol content Adverse effect No issue 

Availability of dietary fibre No issue Beneficial effect 

Digestibility Not easy Easy to digest 

Probiotic survivability High Low  

Flavour (diacetyl, 

acetaldehyde) 

Beneficial impact No issue 
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Phyto chemicals No issue Adverse effect 

Isoflavons No issue Beneficial effect 

Product form Most probably fermented in 

form 

Most probably produced without 

fermentation 

 

Conclusion 

Probiotic is a healthy microflora for human body. Due to rise of vegetarianism and consumer aware on 

alternative diet to dairy products, non-dairy probiotic products are developed. Several studies have 

investigated that probiotic can be incorporated with non-dairy based food matrixes including fruit and 

vegetables, cereals, soy products, confectioneries, meat products, bakery products. Consumption of foods 

along with probiotic effect promotes added health benefits to the human body. Incorporation of probiotic in 

to fruit and vegetables matrixes provide better sensory properties than other non-dairy based food matrices. 

Further, seaweed and legume sources are highly potential areas for incorporate probiotics which most 

people are not aware on. 

 
REFERENCES 

[1.]  McFarland L V. From yaks to yogurt: The history, development, and current use of probiotics. Clin Infect Dis. 

2015;60(Suppl 2):S85–90.  

]2.]  Guarner F, Khan AG, Garisch J, Eliakim R, Gangl A, Thomson A, et al. World Gastroenterology Organisation Global 

Guidelines. J Clin Gastroenterol [Internet]. 2012 Jul;46(6):468–81. Available from: http://www.embase.com.oala-

proxy.surrey.ac.uk/search/results?subaction=viewrecord&from=export&id=L365010988%5Cnhttp://dx.doi.org/10.1097/

MCG.0b013e3182549092%5Cnhttp://dm2vw4nw2w.search.serialssolutions.com?sid=EMBASE&issn=01920790&id=do

i:10.1097%2FMCG.0b 

]3.]  Shin D, Chang SY, Bogere P, Won KH, Choi JY, Choi YJ, et al. Beneficial roles of probiotics on the modulation of gut 

microbiota and immune response in pigs. PLoS One. 2019;14(8):1–23.  

]4.]  Kwofie MK, Bukari N, Adeboye O. Probiotics Potential of Yeast and Lactic Acid Bacteria Fermented Foods and the 

Impact of Processing: A Review of Indigenous and Continental Food Products. Adv Microbiol. 2020;10(09):492–507.  

[5.]  Vibhute VM, Shelke RR, Chavan SD, Nage SP. Effect of probiotics supplementation on the performance of lactating 

crossbred cows. Vet World. 2011;4(12):557–61.  

[6.] NM M, AM M. Probiotic Supplements and Food Products: A Comparative Approach. Biochem Pharmacol Open Access 

[Internet]. 2017;06(02). Available from: https://www.omicsonline.org/open-access/probiotic-supplements-and-food-

products-a-comparative-approach-2167-0501-1000227.php?aid=93443 

[7.]  Gambelli L. Milk and Its Sugar-Lactose: A Picture of Evaluation Methodologies. Beverages [Internet]. 2017 Jul 

13;3(4):35. Available from: http://www.mdpi.com/2306-5710/3/3/35 

[8.]  Leroy F, De Vuyst L. Fermented food in the context of a healthy diet: How to produce novel functional foods? Curr Opin 

Clin Nutr Metab Care. 2014;17(6):574–81.  

[9.]  Mohammadi R, Sohrabvandi S, Mohammad Mortazavian A. The starter culture characteristics of probiotic 

microorganisms in fermented milks. Eng Life Sci. 2012;12(4):399–409.  

[10.]  Haas R, Schnepps A, Pichler A, Meixner O. Cow Milk versus Plant-Based Milk Substitutes: A Comparison of Product 

Image and Motivational Structure of Consumption. Sustainability [Internet]. 2019 Sep 16;11(18):5046. Available from: 

https://www.mdpi.com/2071-1050/11/18/5046 

[11.]  Rodrigues D, Rocha-Santos TAP, Freitas AC, Duarte AC, Freitas AC, Gomes AMP. Analytical strategies for 

characterization and validation of functional dairy foods. TrAC - Trends Anal Chem [Internet]. 2012;41:27–45. Available 

from: http://dx.doi.org/10.1016/j.trac.2012.08.009 

[12.]  Ranadheera RDCS, Baines SK, Adams MC. Importance of food in probiotic efficacy. Food Res Int [Internet]. 

2010;43(1):1–7. Available from: http://dx.doi.org/10.1016/j.foodres.2009.09.009 

[13.]  Granato D, Branco GF, Nazzaro F, Cruz AG, Faria JAF. Functional foods and nondairy probiotic food development: 

Trends, concepts, and products. Compr Rev Food Sci Food Saf. 2010;9(3):292–302.  

[14.]  Khan MI, Arshad MS, Anjum FM, Sameen A, Aneeq-ur-Rehman, Gill WT. Meat as a functional food with special 

reference to probiotic sausages. Food Res Int [Internet]. 2011;44(10):3125–33. Available from: 



J. Res. Technol. Eng. 4 (2), 2023, 210-224 

JRTE©2023 
220 

 

http://dx.doi.org/10.1016/j.foodres.2011.07.033 

[15.]  Salmerón I, Thomas K, Pandiella SS. Effect of potentially probiotic lactic acid bacteria on the physicochemical 

composition and acceptance of fermented cereal beverages. J Funct Foods [Internet]. 2015;15:106–15. Available from: 

http://dx.doi.org/10.1016/j.jff.2015.03.012 

[16.]  Granato D, Branco GF, Cruz AG, Faria J de AF, Shah NP. Probiotic dairy products as functional foods. Compr Rev Food 

Sci Food Saf. 2010;9(5):455–70.  

[17.]  Sheehan VM, Ross P, Fitzgerald GF. Assessing the acid tolerance and the technological robustness of probiotic cultures 

for fortification in fruit juices. Innov Food Sci Emerg Technol [Internet]. 2007 Jun;8(2):279–84. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S146685640700015X 

[18.]  Martins EMF, Ramos AM, Vanzela ESL, Stringheta PC, de Oliveira Pinto CL, Martins JM. Products of vegetable origin: 

A new alternative for the consumption of probiotic bacteria. Food Res Int [Internet]. 2013 May;51(2):764–70. Available 

from: http://dx.doi.org/10.1016/j.foodres.2013.01.047 

[19.]  Selma M V., Espín JC, Tomás-Barberán FA. Interaction between phenolics and gut microbiota: Role in human health. J 

Agric Food Chem. 2009;57(15):6485–501.  

[20.]  Puupponen-Pimiä R, Aura AM, Oksman-Caldentey KM, Myllärinen P, Saarela M, Mattila-Sandholm T, et al. 

Development of functional ingredients for gut health. Trends Food Sci Technol. 2002;13(1):3–11.  

[21.]  De Bellis P, Valerio F, Sisto A, Lonigro SL, Lavermicocca P. Probiotic table olives: Microbial populations adhering on 

olive surface in fermentation sets inoculated with the probiotic strain Lactobacillus paracasei IMPC2.1 in an industrial 

plant. Int J Food Microbiol [Internet]. 2010;140(1):6–13. Available from: 

http://dx.doi.org/10.1016/j.ijfoodmicro.2010.02.024 

[22.]  Dey G. Innovations in Technologies for Fermented Food and Beverage Industries [Internet]. Panda SK, Shetty PH, 

editors. Innovations in Technologies for Fermented Food and Beverage Industries. Cham: Springer International 

Publishing; 2018. Available from: http://link.springer.com/10.1007/978-3-319-74820-7 

[23.]  Shah NP. Functional cultures and health benefits. Int Dairy J. 2007;17(11):1262–77.  

[24.]  Shah NP. Functional foods for probiotics and prebiotics. Food Technol. 2001;(55).  

[25.]  Faujdar SS, Mehrishi P, Bishnoi S, Sharma A. Role of Probiotics in human health and disease: An update. Int J Curr 

Microbiol Appl Sci [Internet]. 2016 Mar 15;5(3):328–44. Available from: 

http://www.ijcmas.com/abstractview.php?ID=274&vol=5-3-2016&SNo=40 

[26.]  Holzapfel WH, Haberer P, Geisen R, Björkroth J, Schillinger U. Taxonomy and important features of probiotic 

microorganisms in food and nutrition,,,. Am J Clin Nutr [Internet]. 2001 Feb;73(2):365s-373s. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0002916523064997 

[27.]  Amenu D. Probiotic Properties of Lactic Acid Bacteria from Human Milk. J Med Microbiol Diagnosis [Internet]. 

2015;s3(July):1–5. Available from: https://www.omicsonline.org/open-access/probiotic-properties-of-lactic-acid-

bacteria-from-human-milk-2161-0703-S3-005.php?aid=57484 

[28.]  Prado FC, Parada JL, Pandey A, Soccol CR. Trends in non-dairy probiotic beverages. Food Res Int [Internet]. 2008 

Jan;41(2):111–23. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0963996907001883 

[29.]  Tuorila H, Cardello A V. Consumer responses to an off-flavor in juice in the presence of specific health claims. Food 

Qual Prefer [Internet]. 2002 Oct;13(7–8):561–9. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0950329301000763 

[30.]  Nazzaro F, Fratianni F, Sada A, Orlando P. Synbiotic potential of carrot juice supplemented with Lactobacillus spp. and 

inulin or fructooligosaccharides. J Sci Food Agric [Internet]. 2008 Oct;88(13):2271–6. Available from: 

https://onlinelibrary.wiley.com/doi/10.1002/jsfa.3343 

[31.]  Yoon KY, Woodams EE, Hang YD. Fermentation of beet juice by beneficial lactic acid bacteria. LWT - Food Sci Technol 

[Internet]. 2005 Feb;38(1):73–5. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0023643804001069 

[32.]  Kourkoutas Y, Kanellaki M, Koutinas AA. Apple pieces as immobilization support of various microorganisms. LWT - 

Food Sci Technol [Internet]. 2006 Nov;39(9):980–6. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0023643806000326 

[33.]  Jakubczak A, Stachelska MA, ͆wisłocka R, Lewandowski W. The application of probiotic bacteria in the fermented 

vegetable, cereal and meat products. Polish J Nat Sci. 2012;27(1):81–92.  

[34.]  Martins EMF, Ramos AM, Vanzela ESL, Stringheta PC, de Oliveira Pinto CL, Martins JM. Products of vegetable origin: 

A new alternative for the consumption of probiotic bacteria. Food Res Int [Internet]. 2013;51(2):764–70. Available from: 

http://dx.doi.org/10.1016/j.foodres.2013.01.047 



J. Res. Technol. Eng. 4 (2), 2023, 210-224 

JRTE©2023 
221 

 

[35.]  Chaudhary A. Probiotic Fruit and Vegetable Juices: Approach Towards a Healthy Gut. Int J Curr Microbiol Appl Sci 

[Internet]. 2019 Jun 20;8(06):1265–79. Available from: https://www.ijcmas.com/abstractview.php?ID=13248&vol=8-6-

2019&SNo=154 

[36.]  Divisekera D, Samarasekera J, Hettiarachchi C, Gooneratne J, Choudhary MI, Gopalakrishnan S. Isolation and 

identification of lactic acid bacteria with probiotic potential from fermented flour of selected banana varieties grown in 

Sri Lanka. J Natl Sci Found Sri Lanka [Internet]. 2019 Mar 31;47(1):3. Available from: 

https://jnsfsl.sljol.info/article/10.4038/jnsfsr.v47i1.8922/ 

[37.]  Yoon KY, Woodams EE, Hang YD. Fermentation of beet juice by beneficial lactic acid bacteria. LWT - Food Sci Technol 

[Internet]. 2005 Feb;38(1):73–5. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0023643804001069 

[38.]  Silva SB, Ferrari J. Development of probiotic grape juice and Lactobacillus Paracasei Viability. 2017;(January):3–9.  

[39.]  Rafiq S, Sharma V. Development of Probiotic Carrot Juice. J Nutr Food Sci [Internet]. 2016;6(4):2–7. Available from: 

https://www.omicsonline.org/open-access/development-of-probiotic-carrot-juice-2155-9600-1000534.php?aid=76627 

[40.]  Mousavi ZE, Mousavi SM, Razavi SH, Emam-Djomeh Z, Kiani H. Fermentation of pomegranate juice by probiotic 

lactic acid bacteria. World J Microbiol Biotechnol [Internet]. 2011 Jan 12;27(1):123–8. Available from: 

http://link.springer.com/10.1007/s11274-010-0436-1 

[41.]  Ii RO, Corbin A, Scott B. Sauerkraut : A Probiotic Superfood. 2016;6(8):536–43.  

[42.] Lee SY, Ganesan P, Ahn J, Kwak H. Lactobacillus acidophilus Fermented Yam ( Dioscorea opposita Thunb .) and Its 

Preventive Effects on Gastric Lesion. 2011;20(4):927–32.  

[43.]  King VA, Huang H, Tsen J. Fermentation of Tomato Juice by Cell Immobilized Lactobacillus acidophilus. :1–7.  

[44.]  Kaur S, Kaur HP, Grover J. INTERNATIONAL JOURNAL OF ADVANCES IN Fermentation of Tomato juice by 

Probiotic Lactic acid bacteria. 2016;5(2):212–9.  

[45.]  Yoon KY, Woodams EE, Hang YD. Probiotication of tomato juice by lactic acid bacteria. J Microbiol. 2004;42(4):315–8.  

[46.]  Aegerter P, Dunlap C. Culture of Five Commonly Used Acid-Producing Bacteria on Banana Pulp. Appl Environ 

Microbiol [Internet]. 1980 May;39(5):937–42. Available from: https://journals.asm.org/doi/10.1128/aem.39.5.937-

942.1980 

[47.]  Vantsawa PA, Maryah UT, Bulus T. Isolation and Identification of Lactic Acid Bacteria with Probiotic Potential from 

Fermented Cow Milk (Nono) in Unguwar Rimi Kaduna State Nigeria. Am J Mol Biol [Internet]. 2017;07(02):99–106. 

Available from: http://www.scirp.org/journal/doi.aspx?DOI=10.4236/ajmb.2017.72008 

[48.]  Park K, Jeong J, Lee Y, Daily JW. Health Benefits of Kimchi (Korean Fermented Vegetables) as a Probiotic Food. J Med 

Food [Internet]. 2014 Jan;17(1):6–20. Available from: http://www.liebertpub.com/doi/10.1089/jmf.2013.3083 

[49.]  Röble C, Auty MAE, Brunton N, Gormley RT, Butler F. Evaluation of fresh-cut apple slices enriched with probiotic 

bacteria. Innov Food Sci Emerg Technol [Internet]. 2010 Jan;11(1):203–9. Available from: 

http://dx.doi.org/10.1016/j.ifset.2009.08.016 

[50.]  Kołożyn-Krajewska D, Dolatowski ZJ. Probiotic meat products and human nutrition. Process Biochem [Internet]. 2012 

Dec;47(12):1761–72. Available from: http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0101-

20612013000400009&lng=en&nrm=iso&tlng=en 

[51.]  Sharma P, Sharma D, Amin A. Development of a functional fermented peanut-based cheese analog using probiotic 

bacteria. BioTechnologia [Internet]. 2018;99(4):435–41. Available from: 

https://www.termedia.pl/doi/10.5114/bta.2018.79973 

[52.]  Wang CY, Ng CC, Su H, Tzeng WS, Shyu YT. Probiotic potential of noni juice fermented with lactic acid bacteria and 

bifidobacteria. Int J Food Sci Nutr. 2009;60(SUPPL. 6):98–106.  

[53.]  West BJ, Deng S, Isami F, Uwaya A, Jensen CJ. The potential health benefits of noni juice: A review of human 

intervention studies. Foods. 2018;7(4):1–22.  

[54.]  Bernata N, Cháfera M, Chiralt A, González-Martínez C. Probiotic fermented almond “milk” as an alternative to cow-

milk yoghurt. Int J Food Stud [Internet]. 2015 Oct 18;4(2):201–11. Available from: http://www.iseki-food-

ejournal.com/ojs/index.php/e-journal/article/view/276/145 

[55.]  Charalampopoulos D, Pandiella S., Webb C. Evaluation of the effect of malt, wheat and barley extracts on the viability of 

potentially probiotic lactic acid bacteria under acidic conditions. Int J Food Microbiol [Internet]. 2003 Apr;82(2):133–41. 

Available from: https://linkinghub.elsevier.com/retrieve/pii/S0168160502002489 

[56.]  Katina K, Liukkonen K-H, Kaukovirta-Norja A, Adlercreutz H, Heinonen S-M, Lampi A-M, et al. Fermentation-induced 

changes in the nutritional value of native or germinated rye. J Cereal Sci [Internet]. 2007 Nov;46(3):348–55. Available 

from: https://linkinghub.elsevier.com/retrieve/pii/S0733521007001385 



J. Res. Technol. Eng. 4 (2), 2023, 210-224 

JRTE©2023 
222 

 

[57.]  Lamsal BP, Faubion JM. The Beneficial Use of Cereal and Cereal Components in Probiotic Foods. Food Rev Int 

[Internet]. 2009 Apr;25(2):103–14. Available from: http://www.tandfonline.com/doi/abs/10.1080/87559120802682573 

[58.]  Enujiugha VN, Badejo AA. Probiotic potentials of cereal-based beverages. Crit Rev Food Sci Nutr [Internet]. 2017 Mar 

4;57(4):790–804. Available from: https://www.tandfonline.com/doi/full/10.1080/10408398.2014.930018 

[59.]  Blandino A, Al-Aseeri ME, Pandiella SS, Cantero D, Webb C. Cereal-based fermented foods and beverages. Food Res 

Int [Internet]. 2003 Jan;36(6):527–43. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0963996903000097 

[60.]  Nout MJR, Motarjemi Y. Assessment of fermentation as a household technology for improving food safety: A joint 

FAO/WHO workshop. Food Control. 1997;8(5–6):221–6.  

[61.]  Khetarpaul N, Chauhan BM. Effect of fermentation by pure cultures of yeasts and lactobacilli on the available 

carbohydrate content of pearl millet. Food Chem. 1990;36(4):287–93.  

[62.]  Stewart RB, Getachew A. Investigations of the nature of Injera. Econ Bot [Internet]. 1962 Apr;16(2):127–30. Available 

from: http://link.springer.com/10.1007/BF02985300 

[63.]  Gillooly M, Bothwell TH, Charlton RW, Torrance JD, Bezwoda WR, MacPhail AP, et al. Factors affecting the absorption 

of iron from cereals. Br J Nutr. 1984;51(1):37–46.  

[64.]  N. F. Haard F and AO of the UN. Fermented Cereals: A Global Perspective. Food Agric Organ United Nations. 1999;114.  

[65.]  Charalampopoulos D, Pandiella SS, Webb C. Growth studies of potentially probiotic lactic acid bacteria in cereal-based 

substrates. J Appl Microbiol. 2002;92(5):851–9.  

[66.]  TOUFEILI I, OLABI A, SHADAREVIAN S, ANTOUN MA, ZURAYK R, BAALBAKI I. RELATIONSHIPS OF 

SELECTED WHEAT PARAMETERS TO BURGHUL-MAKING QUALITY. J Food Qual [Internet]. 1997 

Jul;20(3):211–24. Available from: https://onlinelibrary.wiley.com/doi/10.1111/j.1745-4557.1997.tb00465.x 

[67.]  Gupta S, Cox S, Abu-Ghannam N. Process optimization for the development of a functional beverage based on lactic 

acid fermentation of oats. Biochem Eng J [Internet]. 2010 Nov;52(2–3):199–204. Available from: 

http://dx.doi.org/10.1016/j.bej.2010.08.008 

[68.]  Deshpande HW, Kharat VT, Katke SD. Studies on Process Standardization and Sensory Evaluation of Probiotic 

Chocolate. Int J Curr Microbiol Appl Sci [Internet]. 2019 Aug 20;8(08):1527–34. Available from: 

https://www.ijcmas.com/abstractview.php?ID=14049&vol=8-8-2019&SNo=179 

[69.]  Abdel-Latif EF, Saad MF. Effect of Bifidobacterium lactis on Quality of Rice Pudding as a Probiotic Food Carrier. Int J 

Curr Microbiol Appl Sci. 2016;5(8):362–71.  

[70.]  Liu K. Soybeans: Chemistry, Technology and Utilization. 1st ed. Springer New York, NY; 1997. 532 p.  

[71.]  Zielińska D, Kamińska A, Kołożyn-Krajewska D. DEVELOPMENT OF TOFU PRODUCTION METHOD WITH 

PROBIOTIC BACTERIA ADDITION. J Microbiol Biotechnol food Sci [Internet]. 2015 Jun 1;4(6):485–90. Available 

from: https://office2.jmbfs.org/index.php/JMBFS/article/view/8220 

[72.]  Wang Y-C, Yu R-C, Chou C-C. Antioxidative activities of soymilk fermented with lactic acid bacteria and bifidobacteria. 

Food Microbiol [Internet]. 2006 Apr;23(2):128–35. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0740002005000304 

[73.]  Cruz R, Batistela JC, Wosiacki G. Microbial Alfa-Galactosidase for Soymilk Processing. J Food Sci [Internet]. 1981 

Jul;46(4):1196–200. Available from: https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1981.tb03022.x 

[74.]  Hughes, D.B. and Hoover DG. Bifidobacteria: Their Potential for Use in American Dairy Products. Food Technol. 

1991;(45):74–80.  

[75.]  Božanić R, Lovković S, Jeličić I. Optimising fermentation of soymilk with probiotic bacteria. Czech J Food Sci 

[Internet]. 2011 Feb 28;29(1):51–6. Available from: http://cjfs.agriculturejournals.cz/doi/10.17221/97/2010-CJFS.html 

[76.]  Ramakrishnan V, Goveas LC, Prakash M, Halami PM, Narayan B. Optimization of conditions for probiotic curd 

formulation by Enterococcus faecium MTCC 5695 with probiotic properties using response surface methodology. J Food 

Sci Technol [Internet]. 2014 Nov 2;51(11):3050–60. Available from: http://link.springer.com/10.1007/s13197-012-0821-

x 

[77.]  Liu DM, Li L, Yang XQ, Liang SZ, Wang JS. Survivability of Lactobacillus rhamnosus during the preparation of soy 

cheese. Food Technol Biotechnol. 2006;44(3):417–22.  

[78.]  Zielińska D, Kamińska A, Kołożyn-Krajewska D. Development of Tofu Production Method With Probiotic Bacteria 

Addition. J Microbiol Biotechnol food Sci. 2015;4(6):485–90.  

[79.]  Deshpande RP, Chinnan MS, McWatters KH. Optimization of a chocolate-flavored, peanut-soy beverage using response 

surface methodology (RSM) as applied to consumer acceptability data. Lwt. 2008;41(8):1485–92.  

[80.]  Baú TR, Garcia S, Ida EI. Evaluation of a functional soy product with addition of soy fiber and fermented with probiotic 



J. Res. Technol. Eng. 4 (2), 2023, 210-224 

JRTE©2023 
223 

 

kefir culture. Brazilian Arch Biol Technol. 2014;57(3):402–9.  

[81.]  Pinto D, Castro I, Vicente A, Bourbon AI, Cerqueira MÂ. Functional Bakery Products. In: Bakery Products Science and 

Technology [Internet]. Chichester, UK: John Wiley & Sons, Ltd; 2014. p. 431–52. Available from: 

https://onlinelibrary.wiley.com/doi/10.1002/9781118792001.ch25 

[82.]  Zhang L, Huang S, Ananingsih VK, Zhou W, Chen XD. A study on Bifidobacterium lactis Bb12 viability in bread during 

baking. J Food Eng [Internet]. 2014 Feb;122:33–7. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0260877413004421 

[83.]  Altamirano-Fortoul R, Moreno-Terrazas R, Quezada-Gallo A, Rosell CM. Viability of some probiotic coatings in bread 

and its effect on the crust mechanical properties. Food Hydrocoll [Internet]. 2012 Oct;29(1):166–74. Available from: 

http://dx.doi.org/10.1016/j.foodhyd.2012.02.015 

[84.]  Zhang L, Taal M, Boom RM, Chen XD, Schutyser MAI. Viability of Lactobacillus plantarum P8 in Bread during Baking 

and Storage. 2015;(August 2015):7–10.  

[85.]  Corsetti A, Gobbetti M, Balestrieri F, Paoletti F, Russi L, Rossi J. Sourdough Lactic Acid Bacteria Effects on Bread 

Firmness and Stalin. J Food Sci [Internet]. 2008 Jun 28;63(2):347–51. Available from: 

https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1998.tb15739.x 

[86.]  Palacios MC, Sanz Y, Haros M, Rosell CM. Application of Bifidobacterium strains to the breadmaking process. Process 

Biochem [Internet]. 2006 Dec;41(12):2434–40. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S1359511306002674 

[87.]  Nicholson WL, Munakata N, Horneck G, Melosh HJ, Setlow P. Resistance of Bacillus Endospores to Extreme Terrestrial 

and Extraterrestrial Environments. Microbiol Mol Biol Rev [Internet]. 2000 Sep;64(3):548–72. Available from: 

https://journals.asm.org/doi/10.1128/MMBR.64.3.548-572.2000 

[88.]  Cote J, Dion J, Burguiere P, Casavant L, Van Eijk J. Probiotics in Bread and Baked Products: A New Product Category. 

Cereal Foods World [Internet]. 2013 Nov;58(6):293–6. Available from: 

https://www.aaccnet.org/publications/plexus/cfw/pastissues/2013/abstracts/CFW-58-6-0293.html 

[89.]  Setlow P. Spores of Bacillus subtilis: their resistance to and killing by radiation, heat and chemicals. J Appl Microbiol 

[Internet]. 2006 Sep;101(3):514–25. Available from: https://academic.oup.com/jambio/article/101/3/514/6718777 

[90.]  Longoria-García S, Cruz-Hernández MA, Flores-Verástegui MIM, Contreras-Esquivel JC, Montañez-Sáenz JC, 

Belmares-Cerda RE. Potential functional bakery products as delivery systems for prebiotics and probiotics health 

enhancers. J Food Sci Technol [Internet]. 2018 Mar 5;55(3):833–45. Available from: 

http://link.springer.com/10.1007/s13197-017-2987-8 

[91.]  Zyzelewicz D, Motyl I, Nebesny E, Budryn G, Krysiak W, Rosicka-Kaczmarek J, et al. Probiotic Confectionery Products 

– Preparation and Properties. In: Probiotics [Internet]. InTech; 2012. Available from: 

http://www.intechopen.com/books/probiotics/probiotic-confectionery-products-preparation-and-properties 

[92.]  Kołozyn-Krajewska D, Dolatowski ZJ. Probiotic meat products and human nutrition. Process Biochem. 

2012;47(12):1761–72.  

[93.]  Caplice E, Fitzgerald GF. Food fermentations : role of microorganisms in food production and preservation. 

1999;50:131–49.  

[94.]  Mcintyre L, Hudson JA, Agency FS, Billington C. Biocontrol of Foodborne Bacteria : Past , Present and Future 

Strategies. 2007;(February 2014).  

[95.]  Marshall VM. Lactic acid bacteria: starters for flavour. FEMS Microbiol Lett [Internet]. 1987 Sep;46(3):327–36. 

Available from: https://academic.oup.com/femsre/article-lookup/doi/10.1111/j.1574-6968.1987.tb02469.x 

[96.]  Krockel L, Dederer I, Troeger K. Starter- und Schutzkulturen bei Fleischerzeugnissen. 2010;(189):173–82.  

[97.]  Lucke FK. Utilization of microbes to process and preserve meat. Meat Sci. 2000;56(2):105–15.  

[98.]  Krockel L. The Role of Lactic Acid Bacteria in Safety and Flavour Development of Meat and Meat Products. In: Lactic 

Acid Bacteria - R & D for Food, Health and Livestock Purposes [Internet]. InTech; 2013. Available from: 

http://www.intechopen.com/books/lactic-acid-bacteria-r-d-for-food-health-and-livestock-purposes/the-role-of-lactic-acid-

bacteria-in-safety-and-flavour-development-of-meat-and-meat-products 

[99.]  Erkkilä S, Petäjä E, Eerola S, Lilleberg L, Mattila-Sandholm T, Suihko M-L. Flavour profiles of dry sausages fermented 

by selected novel meat starter cultures. Meat Sci [Internet]. 2001 Jun;58(2):111–6. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0309174000001352 

[100.]  Jaworska D, Neffe K, Kołożyn-Krajewska D, Dolatowski Z. Survival during storage and sensory effect of potential 

probiotic lactic acid bacteria Lactobacillus acidophilus Bauer and Lactobacillus casei Bif3′/ IV in dry fermented pork 



J. Res. Technol. Eng. 4 (2), 2023, 210-224 

JRTE©2023 
224 

 

loins. Int J Food Sci Technol [Internet]. 2011 Dec;46(12):2491–7. Available from: 

https://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2011.02772.x 

[101.]  Ouwehand AC, Salminen SJ. The health effects of cultured milk products with viable and non-viable bacteria. Int Dairy 

J. 1998;8(9):749–58.  

[102.]  Salminen S, Ouwehand A, Benno Y, Lee YK. Probiotics: How should they be defined? Trends Food Sci Technol. 

1999;10(3):107–10.  

[103.]  Mattila-Sandholm T, Myllärinen P, Crittenden R, Mogensen G, Fondén R, Saarela M. Technological challenges for future 

Probiotic foods. Int Dairy J. 2002;12(2–3):173–82.  

[104.]  German B. The development of functional foods: lessons from the gut. Trends Biotechnol [Internet]. 1999 Dec 

1;17(12):492–9. Available from: https://linkinghub.elsevier.com/retrieve/pii/S0167779999013803 

[105.]  Ranadheera C, Vidanarachchi J, Rocha R, Cruz A, Ajlouni S. Probiotic Delivery through Fermentation: Dairy vs. Non-

Dairy Beverages. Fermentation [Internet]. 2017 Dec 11;3(4):67. Available from: http://www.mdpi.com/2311-5637/3/4/67 

[106.]  Vijaya Kumar B, Vijayendra SVN, Reddy OVS. Trends in dairy and non-dairy probiotic products - a review. J Food Sci 

Technol [Internet]. 2015 Oct 13;52(10):6112–24. Available from: http://link.springer.com/10.1007/s13197-015-1795-2 

 

 


