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ABSTRACT 

The objective of the present study was to isolate Bifidobacterium longum from infant faeces 

and elucidate its probiotic potential cereals based synbiotic beverage. B. longum BL-05 was 

isolated, characterized and encapsulated by using whey protein concentrate (WPC) and pectin 

(PE) as wall materials. Five bead formulations were prepared E1) 100% WPC, E2) 75% WPC 

+ 25% PE, E3) 50% WPC + 50% PE, E4) 75% WPC + 25% PE and E5) 100% PE. The 

encapsulation was carried out by using extrusion method. The survival and viability of free 

and encapsulated B. longum was assessed through their resistance to Simulated Gastric Juice 

(SGJ), tolerance to bile salt, release profile in Simulated Intestinal Fluid (SIF) and storage 

stability during 28 days at 4oC. The microencapsulation provided better protection to B. longum 

BL-05 and encapsulated cells exhibited significant (p<0.05) resistance to SGJ and SIF as 

compared to free cells. E3 and E4 beads indicated more resistance to SGJ (at pH 2 for 2 h) and 

bile salts solution (2%) but comparatively slow release as compared to other bead formulations. 

Free cells lost their viability and exhibited sensitivity to gastrointestinal conditions whereas 

the viable cell count was > 6 log CFU/mL in all the encapsulated treatments. Additionally, free 

cells were not viable when stored at 4oC but microencapsulated cells revealed promising results 

during 28 days of storage at 4oC. Encapsulation efficiency, yield, size and textural properties 

(hardness, cohesiveness, springiness) of beads significantly increased as pectin proportion and 

total polymer concentration increased. SEM results revealed that E4 and E5 microbeads surface 

was more smooth and without visible wrinkles/shrinkage as compared to rest of bead 

formulations. On the basis of higher encapsulation efficiency and survival of B. longum BL-

05, beads prepared with 75% WPC and 25% PE were selected for the development of oat and 

barley based synbiotic beverage with the addition of Lactobacillus plantarum as a co-culture. 

Significant variation was observed in physicochemical and microbiological analyses among 

treatments during 28 days of storage. Storage studies revealed a decreasing trend for pH, total 

soluble solids (TSS), vitamin C, water holding capacity (WHC), total phenolic content (TPC), 

antioxidant activity, viable cell count and sugars (glucose, fructose, maltose) while increasing 

trend was observed in acidity and organic acids (lactic acid, acetic acid). On the basis of overall 

acceptability, beverage developed with 50% oat and 50% barley were assigned highest scores 

by the panelists. The results established that extrusion using WPC and PE as encapsulating 

materials could be considered as one of the auspicious encapsulating materials for effective 

delivery of probiotics in food system. Combination of wall material showed a important 

strategy to improve the survival and viability of probiotics. Morover, utilization of oat and 

barley as prebiotics further enlightened the concept of synbiotic cereal base food products in 

the market.   
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CHAPTER 1 

                       INTRODUCTION 

“Probiotics may be described as the living microbes which when ingested in specific quantities 

provide certain health boosting assistances to the consumers” (FAO/WHO, 2002; Iannitti and 

Palmieri, 2010). Probiotics based functional foods provide health assistances exceeding the 

basic nourishment (Sarkar, 2007). Probiotics bacteria are recognized as “good bacteria” owing 

abilities to provide positive consequences to the host such as maintaining the  microbial 

equilibrium in the gut, proliferation of beneficial microorganisms, improving immune system 

of the host, decreasing gastrointestinal tract (GIT) infections, lowering lactose intolerance, 

impeding allergies, decreasing cholesterol level, prevention from inflammatory bowel disease 

(IBD) and different cancers (Gill and Guarner, 2004; Mottet and Michetti, 2005; Klemmer et 

al., 2011).  

Prebiotics may be defined as food (mostly fibers) that cannot be digested by gastric enzymes. 

Prebiotics are the fermentable substrates for probiotics (i.e. bifidobacteria and lactobacilli) and 

selectively improve the activity and growth of desirable microorganisms in GIT (Mattila-

Sandholm et al., 2002). Prebiotics exhibit functional properties such as soluble fibers, 

fermented in the intestine by residential bacteria. They produce short chain fatty acids (SCFA) 

(propionic, butyric and acetic), organic acids (i.e. acetic and lactic), gases that results in acidity 

increase by reducing the intestinal pH inhibiting the growth of pathogens (Wang, 2009). 

Synbiotics is a mixture of pre- and pro-biotics. It positively supports the health of host by 

enhancing the viability and proliferation of live microorganisms in colon. It selectively 

stimulates the activity of health promoting microorganisms (probiotics) by consuming 

prebiotics and improve the host health. It is assumed that the use of synbiotics in food products 

is a novel approach to enhance probiotics survival and activity during passage through GIT by 

decreasing the growth of pathogens (Menten, 2001; Budino et al., 2005). 

Fermentation term is invented from Latin word fervere meaning “to boil”. It is anaerobic 

process in which complex organic compounds break down into simple compounds and energy 

is liberated (Karovicova and Kohajdova, 2003). Various authors reported that members of 

genus Bifidobacterium are generally present in human and animal GIT (Niittynen et al., 2007). 

The role of Bifidobacterium in the health of elderly people is well documented with special 



 

2 
 

reference to microbiota balanced recuperation after prolonged antibiotics therapy (Macfarlane 

et al., 2008). Still much efforts are required to characterize and further explore their role as 

potential probiotics (Christiaen et al., 2014). 

Now a days the use of co-cultures or mixed cultures getting popularity due to lots of benefits. 

The probiotic cultures require a long fermentation time to reach at low or required pH values. 

However, there is always need of short fermentation time in the food industries for more plant 

output with less microbial contamination. To overcome these problems, the potential solution 

is to use Lactobacillus as co-culture or mixed culture. Use of co-cultures has several 

advantages over single culture e.g. co-culture fermentation provides complex growth patterns 

of microorganisms that ultimately affects the sensory and functional properties of fermented 

food. In co-culture fermentation, there is more production of organic acids and flavoring 

compounds (Do Amaral Santos et al., 2014). 

Bifidobacterium is Gram +ve, non-spore former, catalase negative, non-motile, rod or V/Y 

shaped anaerobic microorganisms residing in the GIT of human and animals (Suwantarat et 

al., 2014). Up till now, more than 40 species or sub-species of Bifidobacterium are recognized. 

In the human GIT, the generally found species are Bifidobacterium angulatum, B. adolescentis, 

B. bifidum, B. breve, B. Thermophilum, B. dentium, B. catenulatum, B. longum, B. 

pseudolongum and B. pseudocatenulatum (Junick and Blaut, 2012). Bifidobacterium species 

(B. longum, B. breve and B. bifidum) are transmitted from mother to newborn baby at the time 

of birth and through human milk (Nomoto et al., 2017). Members of Bifidobacterium are 

commonly stated as probiotic bacteria owing to their advantageous health benefits for the host 

(Simpson et al., 2005; Leahy et al., 2005). Bifidobacterium provide relief from constipation, 

diarrhea, cancer, improve gut microbiota, enhance immunity and also act as a mucosal barrier 

against pathogenic bacteria (Reid et al., 2003). In this context Bifidobacterium play important 

role for the prevention and treatment of numerous diseases consequently improving human 

health and longevity (Mitsuoka, 2014). 

First time, Reuter in 1963 introduced B. longum, a strain isolated from adult feces and generally 

recognized as safe (GRAS) (Gronlund et al., 2007). Reuter also anticipated the name as 

Bifidobacterium infantis for those strains which commonly govern the GIT of infants. 

Bifidobacterium longum was thought to be the governing specie in the GIT of adults (Mattarelli 
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et al., 2008). Bifidobacterium longum sub-species infantis is naturally present in the breast 

milk and feces of healthy breast fed infants (Roger et al., 2010).  

Encapsulation is one of the novel and emerging technique for the food industry, which provides 

protection to microbial cells (Borgogna et al., 2010). Viability of live cells during gastric 

transit, storage and processing is main objective of encapsulation. Proper selection of strain, 

cells durability and effect on sensory character of food product are proposed challenges. 

Extrusion, emulsion, spray chilling, spray drying and freeze drying are frequently used 

encapsulation techniques. In encapsulation, the cell acts as core which is surrounded with 

different walls of materials. It protects cell and reduces cell leakage and loss during adverse 

environmental conditions (Weinbreck et al., 2010). Extrusion technology is considered 

suitable due to simplicity, feasibility, cost effectiveness and high encapsulation yield 

(Krasaekoopt et al., 2003). In this technique, both encapsulation materials and core are 

projected from a nozzle under pressure due to which beads develop and fall in CaCl2 solution 

which makes them harder (Lakkis, 2007). 

Different types of wall materials are used for encapsulation i.e. protein, polysaccharides, 

cellulose, gums, lipids and etc (Weiss et al., 2006). Among proteins, most widely used include 

whey protein isolates with a protein content about 90% while whey protein concentrates which 

have protein content between 35 to 80% (Abd El-Salam et al., 2009). Whey protein is 

considered as a natural carrier for probiotic delivery due to its structural and functional 

properties which provide better protection in gastrointestinal conditions. Whey protein is a 

good encapsulating material because of its high nutritional value, buffering capacity and 

hydrogel forming ability which makes it biocompatible with probiotics and other encapsulating 

materials (Livncy, 2010).  

Like other encapsulating materials, pectin can also be used as an effective delivery system. 

Pectin is a part of plant’s cell wall with considerable biological functionality (Wang, 2009). 

Pectin characterized as a good dietary fiber with significant benefits for human health. Human 

digestive enzymes are unable to digest pectin but it has functional and nutritive effect on human 

health. Microbial enzymes can digest and degrade this fiber. So, in this way, it provides enough 

protection to probiotics during gastric transit. It has also been reported that pectin is good for 

lowering cholesterol level (Humblet-Hua et al., 2011). 
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Capela et al. (2006) revealed that viability of probiotics improved when sodium alginate (3% 

w/v) used as encapsulating material. After six months of storage the viable count was 8 log 

CFU/g at refrigeration (4oC) and 6 log CFU/g at 21oC. Ozer et al. (2009) developed white brine 

cheese by using encapsulated Lb. acidophilus LA5 and B. bifidum BB12. They used extrusion 

and emulsion methods for encapsulation. Both techniques presented good results as the 

viability of probiotics improved and bacterial count maintained more than the minimum 

therapeutic level (>107 CFU/g). The viable count of non-encapsulated (free cell) decreased 

approximately 3 logs as compared to encapsulated ones.  

Cereals account approximately 80% of entire consumed calories and are significant source of  

carbohydrates, protein, vitamin, minerals and dietary fiber. Most of the cereals are processed 

by natural means of fermentation. They are complementary foods for infants and mostly 

consumed as staple foods all over the world. Fermentation of cereals can be divided based on 

raw cereals used for product development (Nout, 2008). These include (1) wheat based 

fermented foods i.e. bouza, kishj and kishk (Egypt) (2) maize based fermented foods i.e. ogi 

(West Africa), mawa (Benin) and kenkey (Ghana) (3) millet based fermented products i.e. ben-

saalga (Burkina Faso), kunuzaki (Northern Nigeria) and mbege (Tanzania) and (4) sorghum 

based fermented foods i.e. bogobe (Botswana), ogi-baba (West Africa), humulur and hussuwa 

(Sudan) (Franz et al., 2011). 

Oat (Avena sativa) is an important cereal in human diet and consumed mostly in the form of 

flakes. Oat is ranked at six and is consumed in the form of breakfast cereals which contains 

appreciable quantities of soluble dietary fiber i.e. β-glucans. Oat is also good source of 

carbohydrates, un-saturated fatty acids (Klensporf and Jelen, 2008), proteins, soluble dietary 

fibers, volatile compounds, vitamin and minerals (Heinio et al., 2002). Various types of 

antioxidants i.e. flavonoids, flavons, phenolic compounds, tocols and avenanthramides are 

present in large amount in oat (Peterson, 2001). 

Barley (Hordeum vulgare) is grown throughout the developing world. Now a days, the trend 

is shifting towards to use barley as a staple food due to the presence of dietary fiber specially 

β-glucan. Barley grain is rich source of carbohydrates, protein, antioxidants, minerals and 

vitamins (specially vitamin E). Approximately 2/3 of the world barley crop is used for animal 

feed, 1/3 for malting/brewing of beer, whiskey and about 2% is directly used for food. Among 
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the cereals, it is ranked fourth (after wheat, rice and maize) with respect to its area of cultivation 

and production (Baik and Ullrich, 2008). 

The pro-, pre- and syn-biotics (co-administration of probiotics and prebiotics) are the prime 

sectors of the global functional foods market. Currently, the probiotics market is increasing 

day by day with yogurt, fermented vegetables and fermented milk products. In this context, 

the cereals based fermented products especially beverages have enormous capacity to be used 

as vehicle for the delivery of functional bioactive compounds i.e. minerals, vitamins, dietary 

fiber, antioxidants, probiotics, prebiotics, etc (Kreisz et al., 2008). 

The current research investigations are important from industrial point to develop new 

synbiotic fermented products with the incorporation of encapsulated bacteria that provides 

certain health benefits to the consumers and maintain gut health. The capsule or polymer 

protect the bioactive compounds from harsh gastric environment without effecting its 

physiological properties and effectiveness (Agnihotri et al., 2012). Currently, target delivery 

and encapsulation is getting considerable interest as effective delivery method for probiotics 

to host’s GIT (Kailasapathy, 2002). The encapsulation techniques were developed to protect 

probiotics from drying, processing, packaging and storage conditions (i.e. temperature, time, 

oxygen, moisture), protection from low pH of gastric juice (2-3 pH) and tolerance to bile salt 

(Kailasapathy, 2006).  

The present study was planned to isolate and utilize B. longum in the development of synbiotic 

cereal based fermented beverage. The B. longum was isolated, purified from faecal samples 

and characterized for morphological, physiological and biochemical attributes. The B. longum 

was encapsulated by using whey protein concentrate (WPC) and pectin (PE) as wall materials 

through extrusion method. The cereals based synbiotic beverage was developed by using oat 

and barley with the incorporation of encapsulated B. longum. The beverage was analyzed for 

physicochemical, microbiological and sensory attributes. 

Keeping in view all the benefits of synbiotics, the existing study was planned to accomplish 

the following objectives. 

1. Screening of probiotic strain from indigenous source  

2. Characterization of prebiotic potential of oat and barley 

3. Development and evaluation of oat and barley based synbiotic beverage  
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CHAPTER 2 

                          REVIEW OF LITERATURE 

The demend of functional foods is increasing rapidly due to awarness regarding impact of food 

on human health. Functional foods market increasing globally and exceeded the organic food 

market. Functional foods cover a wide range of vegetables, fruits and grains which are high in 

phytochemicals. Among this group, probiotics based functional foods provide good option for 

health improvement and longivity of the consumers. In probiotics food market, the dairy based 

probiotics products (yoghurt, ice cream, fermented milk etc) are being consumed by the last 

many years. Now consumers demand is to utilize non dairy probiotics food products due to the 

problems related to consumption of dairy products i.e. lactose intolerance. Recently, cereals 

and cereals based products are gaining popularity because of their high nutritional value i.e. 

protein, dietary fiber, energy, minerals, vitamins, carbohydtrates and antioxidants. Cereals are 

also used as a prebiotics and act as a fermentable substrate, stimulate the growth and activity 

of probiotics. Among cereals, oat and barley have high nutritional status due to their high 

content of β-glucans as compared to other cereals grains. But the significance of oat and barley 

is not completly explored yet and mostly these are used as animal feed. Keeping in view the 

health benefits and prebiotics characteristics of oat and barley, the current research was 

designed to isolate B. longum from indegenous source and utilize it in the development of 

fermented oat and barley based synbiotic beverage. The literature concerning various aspects 

of the present study, has been discussed under the followig headings. 

2.1. Probiotics: as a functional food 

2.1.1. Lactobacillus 

2.1.2. Bifidobacterium 

2.2. Prebiotics 

2.3. Synbiotic 

2.4. Oat  

2.5. Barley 

2.6. β-glucans: as potential prebiotics 

2.7. Encapsulation 
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2.8. Encapsulation methods  

2.9. Encapsulating wall materials 

2.1. Probiotic: as a functional food 

The increasing awareness regarding diet and health led consumers demand towards foods 

which provide certain health benefits beyond the basic nutrition. These foods ultimately 

improve nutritional status, wellbeing of individuals and are termed as functional foods. 

Functional foods may also be defined as “foods which provide health boosting benefits beyond 

normal nutrition” (Gibson, 2004). Functional food must be a food not a capsule and must 

exhibit certain effects that can be expected when it is consumed in the diet. Functional foods 

reveal one or more than one health benefits besides their nutritional effect (Isolauri et al., 

2004). 

Probiotics may be defined as “live microorganisms or cells which when ingested in a certain 

amount, should confer health promoting benefits to the host” (FAO/WHO, 2001). 

Gastrointestinal Tract (GIT) of human represents a complex ecosystem of live microorganisms 

and huge diversity of bacteria present throughout the lining of small and large intestine 

(Hooper et al., 2001). Microbial colonization in the GIT of human is developed just after birth 

and gradually changes with the passage of time (Isolauri et al., 2004) (Figure 2.1). In 19th 

century, microbiologist struggled to identify the microflora present in the GIT of healthy 

individual that was different from the diseased ones. After that, they isolated, identified and 

characterized these microorganisms. They concluded that ingestion of these microflora 

conferred health benefits to the host. These beneficial microorganisms are called probiotics. 

Since then, the popularity and utilization of probiotics has been increasing all over the world 

(Benkouider, 2004; Kotilainen et al., 2006). 

The oral administration of probiotics provides various therapeutic effects i.e. reduces 

cholesterol level, decreases blood glucose level, prevents heart attack, relieves from lactose 

intolerance, prevents from infectious diseases of GIT, anti-inflammatory effect, reduces 

hypertension, prevent inflammatory bowel disease (IBD), cancer etc (Figure 2.2) (Reid and 

Burton, 2002; Teitelbaum and Walker, 2002; Blum and Schiffrin, 2003; Gill and Guarner, 

2004; Isolauri et al., 2004). 
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Most frequently used commercial probiotics are Bifidobacterium and Lactobacillus species 

which have GRAS (generally recognized as safe) status. Previous studies revealed that oral 

delivery of probiotics Lactobacillus provide mucosal immunity, helpful in the therapy of 

inflammatory bowel disease and cancer (Steidler et al., 2000; Bermudez-Humaran et al., 

2003). Due to various health benefits of probiotics, the market potential of probiotics expanded 

worldwide. Different products are available in the market with a wide range of combination of 

probiotics. Probiotics are mainly used in dairy products (yoghurt fermented milk, yoghurt like 

fermented beverages, ice cream and cheese), infant formulas, cereals products, beverages, 

fermented vegetables, sausages etc (Saarela et al., 2000; Stanton et al., 2001). Novel probiotics 

strains are being introduced in market with different foods as a dietary supplement.  

 

  

Figure 2.1: Microbial colonization in the GIT of human (Isolauri et al., 2004) 

As the awareness increasing, probiotics are being applied in many food industries because of 

their health assistances (Saarela et al., 2002; Salminen and Gueimonde, 2004). Currently, the 
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food industry is developing and introducing food products with probiotics under the category 

of functional foods (Reid et al., 2003). Among dairy based probiotics products, yoghurt and 

other dairy foods have led a multibillion-dollar market (Playne, 2002). The consumption of 

yoghurt, yoghurt drinks and fermented milk increased in recent years due to better survival and 

stability of probiotics in that products. Yoghurt products contain mostly Lb. acidophilus and 

only limited studies are available on the utilization of Bifidobacterium spp. in yoghurt and 

yoghurt drink (Godward et al., 2000). 

 

 

 

Figure 2.2: Health benefits of probiotics (Saarela et al., 2002) 

 

A product could be claimed as a probiotic if it contains minimum prescribed number of 

microorganisms (106-107 CFU/mL) at ingestion time (Lourens-Hattingh et al., 2000; Lourens-

Hattingh and Viljoen, 2001). Various studies have reported that probiotics survive and grow 

during storage, other scientist reported a decline trend in the population with the passage of 
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time (Stanton et al., 2003). Different reviews have been published on the survival of probiotics 

which revealed that various factors affect the growth and stability of probiotics i.e. pH, acidity 

(lactic acid and acetic acid), inadequate nutrients, temperature, interaction with other microbes, 

storage conditions and processing time (Shah, 2000; Boylston et al., 2004). 

2.1.1. Lactobacillus 

Most abundant and most commonly used probiotics are Lactobacillus. These are anaerobe, G 

+ve, nonspore forming, nonmotile, rods shaped, catalase -ve and oxidase -ve in nature but up 

to some extent tolerate oxygen. They ferment a variety of sugars into lactic acid (Anal and 

Singh, 2007). Lactobacillus are not the only species present in the gut microflora there are 

many other species. It is easy to cultivate and use Lactobacillus in many food products. 

Lactobacillus exhibit many health benefits to the host i.e. balance the microbial population in 

GIT, help in digestion, immunomodulatory effect, antimicrobial activity, inhibit pathogens etc 

(Stanton et al., 2003). In human gut, the most common species are Lactobacillus acidophilus, 

Lb. casei and Lb. salivarius. These are most commonly used bacteria in the development of 

probiotics food products due to their resistant to high acidity, low pH, bile salt, survival during 

gastric transit and antimicrobial activity. Lb. salivarius also have resistance to bile salt and 

acid, ability to adhere epithelial lining, inhibit pathogens and easy transportability in the GIT. 

Lb. casei consist of Lb. casei/paracasei, Lb. casei shirota and Lb. rhamnosus GG (Vuyst et 

al., 2004). 

2.1.2. Bifidobacterium 

In 1899, Henry Tissier from Pasteur Institution, first time introduced and isolated 

Bifidobacterium from the faeces of breast-fed infants (Leahy et al., 2005). Bifidobacterium are 

catalase negative, gram +ve, nonmotile, nonspore forming, obligate anaerobes or in part 

facultative anaerobes belonging to Actinobacteria phylum. Bifidobacterium are saccharolytic, 

during fermentation of carbohydrates they produce acid but not gas. They may be found single, 

in chain or clumps form. (Felis and Dellaglio, 2007). According to the morphological 

characterization of Bifidobacterium, they form V or Y shape, uniform branched or bifurcated, 

which are clubbed shape or spatula (Leahy et al., 2005). Gut is the natural habitat of 

Bifidobacterium, it comprises 80% of faecal bacteria in adult and 20% of the faecal bacteria of 

infants (Delcenserie et al., 2013).  
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Bifidobacteria have GRAS status owing to their safety aspects and extensive historical use in 

various fermented products as potential probiotics. Different strains of Bifidobacterium are 

available in the market and utilized in the development of functional probiotic food products. 

The data published revealed various health benefits of Bifidobacterium strains on host’s health 

i.e. improvement in lactose intolerance (Szilagyi et al., 2010), prevention from GIT infections 

(Rousseau et al., 2011), immunomodulatory effect (Rodriguez et al., 2012), reduce cholesterol 

level in blood (Chen et al., 2011) and prevention from liver diseases (Chiu et al., 2013 a,b). 

Probiotics properties are strain specific and present in some bifidobacterial strains that are not 

phylogenetically relate to each other. Most of the strains belong to B. longum, B. bifidum, B. 

adolescentis, B. animalis and B. breve which can be used as probiotics. There are some issues 

regarding taxonomy of B. infantis and B. longum. In 2008, they were merged and reclassified 

into single class B. longum (Mattarelli et al., 2008). Reclassification is based on molecular 

methods into 3 biotypes i.e. sutis, infantis and longum (Sakata et al., 2002). Bifidobacterium 

species are present commonly in the gut of humans and animals along with a number of other 

obligate anaerobic microorganisms (Vaughan et al., 2000). Bifidobacteria are found 

throughout the GIT of humans (Marteau et al., 2001; Nielsen et al., 2003). Species isolated 

from human’s gut include B. breve, B. adolescentis, B. bifidum, B. angulatum, B. scardovii, B. 

pseudocatenulatum, B. dentium, B. gallicum, B. catenulatum, B. longum subsp. longum and 

infantis (Gavini et al., 2001; Hoyles et al., 2002; Requena et al., 2002; Sakata et al., 2002).  

Bifidobacterium strains are applied as potential probiotics in various fermented food products 

i.e. fermented milk, yoghurt, cheese, infant’s formula, ice cream, fermented beverages, 

fermented cereals products and as dietary supplements (Vinderola et al., 2000; Mattila-

Sandholm et al., 2002; Champagne et al., 2005; Phillips et al., 2006;). Administration of B. 

bifidum and B. animalis subsp. lactis to the pregnant women and infants (during first six 

months), exhibited positive effects to prevent from atopic diseases (Allen et al., 2010).   

2.2. Prebiotics 

Prebiotics are defined as “food for probiotics”. These are non-digestible food components that 

stimulates the proliferation of probiotics in the GIT thus imparts certain health benefits to the 

consumer (Gibson and Roberfroid, 1995). A food ingredient should be considered as a 

prebiotic if 

 Absorbed or hydrolyzed in the upper GIT 
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 Alter the gut microflora composition 

 Fermented by host’s gut microbiota 

 Beneficial effect towards host’s health 

Polysaccharides are long chain carbohydrates mainly from plant origin i.e. cereals, herbs, 

chicory root, soybeans, potatoes, mushrooms could be used as prebiotics (Chou et al., 2013; 

Gullon et al., 2013). Prebiotics can also be synthesized from microorganisms, EPS 

(Exopolysaccharides) specially isolated from probiotics can be used as prebiotics (Patterson 

and Burkholder, 2003; Patel et al., 2010; Stack et al., 2010). Literature expounded that 

polysaccharides extracted from mushrooms i.e. Tremella fuciformis, Lentinus edodes, 

Pleurotus spp. (Synytsya et al., 2009) exhibited prebiotics activity. Manzi and Pizzoferrato, 

(2000) reported that long chain β-glucans (homo or hetero glucans) having beta (1-3), (1-4) 

and (1-6) glucosidic linkages act as potential prebiotics. 

Some of the potential prebiotics are galacto oligosaccharides, lactosucrose, fructo 

oligosaccharides, soy oligosaccharides, xylo oligosaccharides, isomalto oligosaccharides, 

gluco oligosaccharides, palatinose, amylose, maize starch, inulin, etc (Tuohy et al., 2005).  

Resistant starch has prebiotics effect and produces short chain fatty acids (SCFAs), helpful in 

cell differentiation and apoptosis (Cummings and Macfarlane, 2002). Prebiotics also reduce 

cholesterol level (Ooi and Liong 2010), increase mineral absorption in bowel (Roberfroid, 

2000) and process anti-carcinogenic effect (Hughes and Rowland, 2001; Femia et al., 2002; 

Hsu et al., 2004). 

Prebiotics provide certain therapeutic effects including cancer inhibition, maintenance of gut’s 

health, relief in constipation, colitis prevention, reduce the risk of cardiovascular diseases, 

lowering cholesterol level, balancing gut microflora, improve vaginal ecosystem and improve 

viability of probiotics in foods (Patel and Goyal, 2012). Probiotics and prebiotics combination 

is one of the effective intervention for the treatment of metabolic disorders i.e. type II disease 

and obesity (Nakamura and Omaye, 2012). Prebiotics are very successful for diabetes 

treatment (Shen et al., 2013). Other authors also focused the effect of prebiotics on gut’s 

functionality and reported that galacto-oligosaccharides, fructo-oligosaccharides and lactulose 

improve gut microflora population by increasing Lactobacillus and Bifidobacterium number 

(Macfarlane et al., 2006). A review was published on the utilization of prebiotics in the 
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improvement of human health with clinical evidence and their mechanism of action (Slavin, 

2013).  

Singh et al. (2012) recommended 1-15 g/day dose of 15 different prebiotics for healthy humans 

and patients suffering from different diseases. Roberfroid (2007) proposed that the prebiotic 

effect can be evaluated by using probiotics index formula (PI=E/A), which may be defined as 

“increase in the probiotics number as CFU/g of feces (E) divided by intake of daily prebiotic 

dose in grams”. Probiotics Index (PI) is used as a standard of comparison among different 

prebiotics from different sources. Conventional methods of extraction and purification of 

prebiotics (non-digestible oligo-saccharides) from different sources have been reviewed 

(Mussatto and Manchilha, 2007). Novel techniques such as biotechnological approaches 

(utilization of enzymes and genetically modified bacteria) for the production of prebiotics are 

in practice. When probiotics are used in different fermented products, viability decreases due 

to decrease in pH, fluctuation in temperature, insufficient nutrient and oxidation. Therefore, 

prebiotics play very impotent role to stimulate the activity and proliferation of probiotics 

(Bruno et al., 2002; Corcoran et al., 2004; Capela et al., 2006). 

2.3. Synbiotics 

Synbiotics may be described as the mixture of both probiotics and prebiotics in a product which 

may act synergistically (Tuohy et al., 2005). In a synbiotics product, prebiotics are used by 

probiotics or gut microbiota as fermentable substrate (Scherzenmeir and De Vrese, 2001). The 

most acceptable definition of synbiotics is “combination of probiotics and prebiotics that affect 

beneficially to improve proliferation and activity of probiotics in the GIT of host (Andersson 

et al., 2001).  

Recent review reported different health benefits of synbiotics products including intestinal 

microflora modulation, immunomodulatory effect, cancer prevention, sepsis prevention and 

many more (De Vrese and Scherzenmeir, 2008). A study revealed that incorporation of 

synbiotics in medication and human health improves immunity, inhibit pancreatitis and 

irritable bowel disease (IBD). A new term is also introduced, which is derived from synbiotics 

is “metabiotics”. Metabiotics are the structural components of probiotics or their metabolites, 

signaling molecules having a known chemical structure that improve host’s physiological and 

metabolic activities by connecting with the activity of host’s indigenous microflora 

(Shenderov, 2013). 
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Efficiency of synbiotics products is evaluated through in vivo studies, conducted mostly on 

human volunteers. Additionally, studies also conducted in vitro tests (Saulnier et al., 2008) or 

in vivo analysis (human or animal models) (Van Zanten et al., 2012) and effectiveness related 

to human diseases (Quigley, 2010). As strictly defined synbiotics, its effect can only be 

determined when used in combination (probiotics and prebiotics). The effectiveness of a 

synbiotics product can better prove in vivo analysis rather than in vitro and its effect should be 

determined in a synbiotics mixture instead of separate components of probiotics and prebiotics 

(Figueroa-Gonzalez et al., 2011). 

One of the major limitation of synbiotic products is the survival and viability of probotics 

during production and storage. The synbiotic products containing probiotics should be 

delivered at a certain amount at their site of action. In a synbiotic product, prebiotics play 

important role in the survival, stability and delivery of adequate amount of probiotics > 108 

CFU/mL (Roberfroid, 2000; Champagne and Fustier, 2007).  

Synbiotic food mixtures are mostly dairy products which contain probiotics and prebiotics 

along with starter culture. Prebiotics act as a fermentable substrate which selectively stimulate 

the growth and activity of probiotics with improving organoleptic characteristics of product by 

reducing sugar content. Synbiotic products containing probiotics (Lactobacilus and 

Bifidobacterium) and prebiotics (resistant starch) have been produced and studied. Resistant 

starch acts as a promising partner for probotics in this regard (Topping et al., 2003). Resistant 

starch is also gaining interest as encapsulant material for effective probiotics delivery (Mirzaei 

et al., 2012). In the same way, galacto-oligosaccharides are used as encapsulating material for 

probiotics during freeze drying (Golowczyc et al., 2013). 

Synbiotic mixture or product dosage is an important issue to be solved, as there is no data 

published related to the effectiveness of dose consumed by human beings and limitation in 

terms of adverse effects (Kolida and Gibson, 2011). Synbiotic foods also have been functional 

as a livestock feed and presented positive results in vivo studies (Awad et al., 2009; Gaggia et 

al., 2010). Synbiotic mixture is used as an alternate of antibiotic in the treatment of infectious 

diseases of livestock animals (Scholz-Ahrens et al., 2007). 

Ejtahed et al. (2011) described that utilization of probiotic yoghurt (Lb. acidophilus La5 and 

B. lactis Bb12) decreases serum-cholesterol and low-density lipoprotein (LDL) and LDL to 

HDL (High-density lipoprotein) ratio in type II diabetic patient and also reduces the risk of 
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cardiovascular disease. In another study, it was reported that long term utilization of synbiotic 

yoghurt (B. longum, Lb. acidophilus and fructo-oligosaccharides) improved HDL/LDL in 

women (Kiebling, 2002). A study conducted on animal model delineated that, synbiotic 

product consists of inulin/lactulose, B. longum reduced prevalence and size of crypt foci in 

colon (Burns and Rowland, 2000). Femia et al. (2002) conducted an experiment on rats by 

treating them with synbiotics (inulin mixture of low & high MW and B. lactis & LGG probiotic 

strains). Rats fed on synbiotic product revealed less colonic tumor as compared to the rats with 

probiotics only. So it is concluded that synbiotic products (probiotic and prebiotics) have better 

therapeutic effect as compared to probiotics and prebiotics alone.  

However, there are scientific, regulatory and economical hurdles in the consumption of 

synbiotic products as a healthy food in the market (Rastall et al., 2005). One of the major 

economical obstacles is the cost involved in the production of synbiotic product on a large 

scale. Development and storage of synbiotic food products is the main issue related to the 

viability and safety of probiotics. Special facilities are required for the survival of probiotics 

throughout processing, transportation, storage till consumption. In this context, this is the 

major concern related to the production, development, validation, stability and certification of 

synbiotic food products. Besides the cost of probiotics, the other obstacle is the additional cost 

of prebiotics. It could be overcome because most of the prebiotics are produced from the 

waste/by-products of agriculture and food industry. Regarding the scientific barriers are 

concerned; the major issue is limited knowledge and awareness about good bacteria. Most of 

the consumers are not aware regarding the therapeutic/health benefits of probiotics, prebiotics, 

interaction of probiotic-prebiotics and synbiotics. It is difficult to overcome regulatory barriers 

as legislation is not fully developed in most of the countries and dissemination of scientific 

knowledge does not exist at all. Moreover, most of the industrialist/producer discourage to 

launch new products specially fermented products. It is the responsibility of food technologist 

and government to overcome all these barriers and take a start from educational barriers. The 

general public or consumer should be well aware regarding benefits and limitation of a 

particular product which is being introduced in the market. In this concern, public opinion must 

be improved by conducting workshops, trainings, conferences, educational campaigns and 

other similar type of activities. Furthermore, utilization of resources and industrial by-products 
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is one of the effective approach to reduced cost of production to meet these challenges (Gullon 

et al., 2009; Figueroa- Gonzalez et al., 2011). 

2.4. Oat  

Scientific name of oat is Avena sativa, it is third most cultivated grain and ranks 6th in world 

cereals production. Oat is annual, temperate region’s crop used for both humans and animals 

feeding purpose. It is also used in pharmaceutical industry in the preparation of medicine. In 

1980s, it was recognized as one of the nutritious and healthy crop that prevents from 

cardiovascular diseases (Butt et al., 2008). Due to distribution of lipids, oat grain is 

comparatively softer than wheat, barley and corn grain. So, the milling of oat is difficult and it 

needs some pretreatment i.e. hydrothermic treatment to prevent from oxidation. Oat kernel 

consists of 25-30% husk (Butt et al., 2008), bran, endosperm and germ or embryo (Figure 2.3). 

Oat husk is removed and used as a feed or used in food industry. Oat groat contains nutrients 

i.e. proteins, soluble fiber, unsaturated fatty acids minerals, vitamins and phytochemicals. 

Dietary fiber prevents from cardiovascular disease and cancer (Slavin et al., 2000). β-glucans 

in oat groat range from 2.3 to 8.5g/100g in typical varieties, while in wild it is range 2.3 to 

11.3%. The variation may be due to environmental factors, genetics and difference in the 

method of extraction. β-glucans are present throughout the endosperm, its cell wall and 

aleurone cell wall (Welch et al., 2000). 

 

 

Figure 2.3: Oat grain cross section (Butt et al., 2008) 

According to the nutritional profile of oat (Table 2.1), it provides certain health benefits. It 

contains soluble dietary fiber (β-glucans) which is 3 to 7% of whole grain and antioxidants 
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(0.59 mmol/100g) (Halvorsen et al., 2002; Brennan and Cleary, 2005). Oat β-glucans consist 

of 30% (1-3) beta glycosidic linkage and 70% (1-4) beta glycosidic linkage (Figure 2.4). β-

glucans form viscous solutions that results in slow intestinal transit, glucose and sterols 

absorption. Soluble fiber such as β-glucans from oat reduce blood cholesterol & glucose level, 

prevent arteries blockage as well as maintain insulin level (Butt et al., 2008). 

 

Table 2.1: Oat kernel composition per 100 g a) Proximate b) Minerals and vitamins 

a) Proximate 

Proximate  (%)  

Energy/100g  389 kcal 

Lipids 6.9 

Protein 16.9 

Dietary fiber 10.6 

Beta glucans 4 

    

b) Minerals and vitamins      

Minerals and vitamins  (%) 

Ca 54 mg 

Mg 117 mg 

K 429 mg 

Fe 5 mg 

B5 1.3 mg 

B9 56 µg 

(United State Department of Agriculture, 2013) 

Additionally, protein composition of oat is good among cereals and possess several essential 

amino acids e.g. lysine which is deficient in wheat (Sterna et al., 2016). It is mostly used in 

energy bars because it provides high energy value. It provides fat, which is approximately 7 

times more than barley while 3 time more than rye and wheat. Kumar et al. (2010) reported 

that oat contains more phytates as compared to barley, wheat and rye. The consumer awareness 

and interest is increasing towards the foods which provide certain health benefits. In this way, 

oat products market value is increasing day by day. The importance of oat is mainly due to 

high β-glucans content which provides physiological effects, reduces cholesterol level, acts as 
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a potential prebiotic, prevents from cancer, relieves from constipation, reduces obesity and 

many more. In various studies, it was observed that β-glucans from oat bran flour have positive 

effect on patients suffering from Type II diabetes (Brennan and Cleary, 2005).  

 

 

Figure 2.4: Oat β-glucans structure (Tosh et al., 2004) 

 

In a study, it is reported that oat with highly viscous β-glucans fractions reduces glucose 

absorption in intestine and blood cholesterol level (Malkki, 2001). Same effect exhibited by 

other soluble dietary fibers i.e. guar gum, pectin and psyllium. Coeliac disease is a genetic 

ailment of small intestine arises in the people of all age groups. Patients are not able to digest 

gluten in their diet. The only effective treatment is intake of gluten free diet (Kupper, 2005). 

Patient should avoid wheat, barley and rye but oats have positive effect in gluten free diet and 

acceptable among the patients with coeliac disease (Storsrud et al., 2003). In oat, gliadin is not 

present but the counterpart avenin (Butt et al., 2008). 

2.5. Barley 

The scientific name of barley is (Hordeum vulgare) and it is one of the oldest and more widely 

cultivated grain all over the world. Barley kernel (Figure 2.5) consists of husk (dorsal husk) 

and palea (ventral husk), testa, aleurone layer, pericarp, germ and endosperm (Kunze, 2010). 

Barley is an ancient crop and comprises 9.4% total area under cereals crop production and 

ranked at number fourth (FAO, 2007). Barley is mostly used for animal feed and in brewing 

industry (Baik and Ullrich, 2008; Bere and Brug, 2009). One third of barley crop has been used 

for brewing and malting, two third is used as animal feed and 2% is used in food industry. 
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Hulled barley which is tough and fibrous husk mostly used for brewing industry. In recent 

years, the consumption of barley is increased due to its health related aspects. In this way, 

barley plays a very important role in our diet to increase nutritional standing and health 

(Brennan and Clearly, 2005; Baik and Ullrich, 2008). 

In current years, the prevalence of health related disorders like obesity, cancer, heart diseases, 

high cholesterol level and others led to an increased interest of consumers towards healthy 

foods (Huth et al., 2000). As far as nutritional profile of barley (Table 2.2) is concerned, it 

contains B-complex vitamins, tocopheroles, tocotrienols, mineral, phenolic compounds and 

soluble dietary fiber (i.e. β-glucans 5-11%) (Brennan and Cleary, 2005). Due to excellent 

source of dietary fiber, the barley is gaining popularity to be used in different barley based 

products. β-glucans is present in both soluble and insoluble form approximately 54% is soluble 

in water, so termed as soluble fiber (Anker-Nilssen et al., 2008).  

 

Figure 2.5: Longitudinal cross section of barley kernel 

 

It is reported that soluble dietary fiber provides certain health benefits i.e. reduction in blood 

cholesterol, blood glucose level and maintains blood insulin levels (Baik and Ullrich, 2008), 
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also helps in the prevention of diet related disorders i.e. constipation, heart diseases and etc 

(Jenkins et al., 2000). A product should be considered as functional food to reduce the risk of 

cardiovascular diseases, if it contains 3 g β-glucans either from oat or barley (FDA, 2005). 

Barley contains appreciable amount of antioxidants (1.0 mmol/100g) as compared to any other 

grains i.e. wheat (0.33 mmol/100g), oat (0.59 mmol/100g) and rye (0.47 mmol/100g) 

(Halvorsen et al., 2002; Carlsen et al., 2010). Barley reduces the risk of heart attack and cardiac 

disorders because it is low in fat possessing omega 3 and omega 6 fatty acids.  

Table 2.2: Barley composition 

Constituents Content (%) 

Lipids 2-3 

Minerals  1.5-3 

Protein 

Hordeins 

Albumins and globulins 

Glutelins 

8-17 

3-5 

3.5-4.5 

3-5 

Starch 

Β-glucans 

Arabinoxylans 

Cellulose 

Raffinose and fructosans 

Fructose, sucrose, maltose and glucose 

60-68 

3.6-9 

4.4-7.8 

1.4-5 

0.16-1.18 

0.41-5 

*Vitamins 5-6 

*Vitamins i.e. (Thiamine, Riboflavin, Biotin, Folic acid, Nicotinic acid, Pantothenic acid, Pyridoxine 

and Tocopherols) (Baik and Ullrich, 2008) 

Now a days, barley is widely used in baking industry due to its nutritional composition. 

Composite flour and multi-grain flour used for the development of bread for improve 

nutritional status. Furthermore, Dhingra and Jood (2004) determined the effect of barley flour 

incorporation into wheat bread at 4 different levels 5%, 10%, 15% and 20%. The results 

revealed that barley flour improves the nutritional profile of bread, increases bread weight and 

decreases loaf volume of bread. This is due to the fact that barley contains high level of soluble 

fiber which increases water retention time in the dough and decreases the gas retention in the 

dough due to lack of gluten forming network. It is concluded that the percentage of barley flour 
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in wheat flour bread should not be more than 20%, keeping in view bread sensory, overall 

acceptability, loaf volume, crumb and crust texture. When barley flour was used in 

combination with wheat flour, water absorption increased (Dhingra and Jood, 2004). 

It is important to increase the consumption of barley by introducing new barley products with 

satisfactory sensory characteristics to develop acceptability among the consumers. Barley’s 

variety, storage and processing conditions are important factor that affect the quality of barley 

based food products (Izydorczyk et al., 2000). Barley flour and grains are used in most of the 

food products development i.e. barley bread, barley drink, fermented beverages, cereals based 

fermented milk products, breakfast cereals, energy bars, etc. 

2.6. Beta-glucan: as potential prebiotic 

β-glucans are the polysaccharides consisting of monomers of D-glucose linked through beta 

glycosidic linkages. It forms large molecules which consist of 250,000 glucose units (Vannucci 

et al., 2013). It is dietary fiber found in yeast, cereals, mushrooms, bacteria cell wall and 

seaweeds. The characteristics of β -glucans largely depend on the source, repeating units of 

glucose and their structure whether linear or branched.  In cereals, β-glucans are linear chain 

linked through beta 1-3 glycosidic linkage of cellulosic oligomers (i.e. beta 1-4 glycosidic 

linkages of glucose units) (Figure 2.6) (Lazaridou and Biliaderis, 2007). However, in microbial 

β-glucans, the beta-glucopyranose units are linked via beta 1-3 linkage to develop backbone 

and side chains have beta 1-6 linkage (Ahmed et al., 2012).  

Among cereals, the content of β-glucans depends upon variety, source, region, temperature, 

part of plant (i.e. karnels, bran) (Wirkijowska et al., 2012) extraction method, temperature and 

pH (Zhang et al., 2002). Between cereals, the major sources with highest content of β-glucans 

are oat and barley (Lazaridou and Biliaderis, 2007). β-glucans from rice and rye can also be 

extracted, whereas β-glucans from rice is termed as “NutrimXe” (Inglett et al., 2004). The 

extraction yield of β-glucans extracted from various sources varies e.g. oat (50-80%), barley 

(70-80%) and Saccharomyces cerevisiae (87%) (Freimund et al., 2003). 
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Figure 2.6: Structure of cereal β-glucans (Ahmad et al., 2012) 

 

β-glucans extracted from edible mushrooms are also gaining interest due to high content of β-

glucans present in fruiting bodies. Among different mushrooms, the most used edible 

mushrooms are Pleurotus tuberregium (Zhang et al., 2004), Agaricus brasiliensis, Grifola 

frondosa, Pleurotus eryngii (Kodama et al., 2003; Synytsya et al., 2009), Pleurotus ostreatus 

(Carbonero et al., 2006; Synytsya et al., 2009; Tong et al., 2009) and Lentinus edodes (Zheng 

et al., 2005). Other non-edible mushrooms can easily be used for extraction of β-glucans e.g. 

Penicillium chrysongenum (Wang et al., 2002) and Termitomyces eurhizus (Chakraborty et al., 

2006). 

β-glucans are important structural part of fungi, Saccharomyces cerevisiae (yeast) and some 

bacterial cell wall. β-glucans have different solubility, structure, molecular mass, branching, 

polymer charge, depending upon the source (Eccles, 2005). β-glucans molecular structure 

depends on their source, method of isolation, tertiary structure and distribution of chains 

(Mantovani et al., 2008). Molecular weight, solubility, degree of branching, primary structure, 

tertiary structure, polymer charge are the factors that affect biological activity of β-glucans in 

a system. Branched structured β-glucans have more activity than linear ones. Additionally, β-

glucans are 0.2 < degree of branching > 0.33, 100 < molecular weight < 200 kDa, (Zekovic et 

al., 2005).  

β-glucans provide certain health benefits that’s why, it is used in the development of functional 

foods. For example, β-glucans having 1-3 and 1-6 glycosidic linkage have anti-tumor effects 

(Chan et al., 2009), β-glucans having (1-3) (1-6) and (1-3) (1-4) glycosidic linkages have 

immune-modulatory effects and reduce blood cholesterol level (Rieder and Samuelsen, 2012). 

Anti-tumor effect of β-glucans was also studied in China and Japan. They reported that its 

effect is comparable with radiation and chemotherapy, without any side effects (Tzianabos, 



 

23 
 

2000; Chung et al., 2010). Vannucci et al. (2013) studied the anti-tumor effect of β-glucans 

extracted from fungal species. β-glucans extracted from oat and barley grains inhibit induced 

cytokine protein expression in human aortic (Lazaridou et al., 2011). Additionally, β-glucans 

have anticarcinogenic, antimicrobial, anti-inflammatory, hypoglycemic, antiatherogenic, 

antiviral, anti-allergic, hepatoprotective activity (Lindequist et al., 2005). β-glucans reduce 

atherosclerosis, immunomodulatory effect and respiratory infections (Bergendiova et al., 

2011). 

As discussed, β-glucans have many health related benefits, apart from that it also improves 

health by acting as a potential prebiotic. As the interest is shifted towards the functional foods, 

β-glucans are used in food products as prebiotics. Products containing β-glucans are available 

in the market and introduced commercially at food stores all over the world i.e. fermented milk 

products (e.g. fermented cereal based milk, yoghurt, ice cream, kefir etc.) fruit juices and many 

more (Tomasik and Tomasik, 2003). Russo et al. (2012) studied that β-glucans with beta 

glycosidic linkage (1,3 and 1,6) have been hydrolyzed by microbial enzymes. β-glucans is a 

possible prebiotic which stimulates the proliferation of Lactobacillus and Bifidobacterium 

present in GIT of humans (Dongowski et al., 2002; Delgado et al., 2005; Drzikova et al., 2005; 

Snart et al., 2006). Synytsya et al. (2009) studied different methods of β-glucans extraction 

from Pleurotus spp. and evaluated its prebiotics effect on probiotics strains Bifidobacterium, 

Lactobacillus and Enterococcus. Different strains indicated different growth and activity 

depending upon fermentable substrate (Table 2.3). 

β-glucans from cereals are non-digestible polysaccharides in the GIT of humans and act as 

prebiotics. In this way, it acts as substrate for microbial fermentation in the GIT stimulating 

the activity of probiotics (Gibson, 2004). Bigliardi and Galati (2013) discussed the effect of 

cereals based β-glucans as prebiotics for the growth and activity of useful microorganisms. 

Patel and Goyal (2012) reported the use of mushrooms fruiting body extracted β-glucans as 

fermentable substrate the enhanced proliferation of various probiotics. The prebiotics effect of 

different mushroom species was determined and published for very first time in 2009 (Aida et 

al., 2009). However, the utilization of β-glucans in different fields like cosmetics, food 

industries, pharmaceuticals have been studied vigorously (Ahmad et al., 2012). Some products 

of β-glucans are also available in the market e.g. betamune from yeast (Vetvicka et al., 2008), 

glucagel from barley (Sims et al., 2014) and ceapro from oat (Tomasik and Tomasik, 2003). 
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Table 2.3: β-glucans as potential prebiotic 

Sources Methodology Results Citations 

 Seaweed β-

glucans 

 Mushrooms 

(Pleurotus 

and 

Tuberrigum) 

β-glucans 

 Barley β-

glucans 

 Batch fermentation of β-

glucans with 

Bifidobacterium infantis 

for 24 hrs 

 

 

 Catabolism of β-glucans 

through probiotics  

 Population of probiotics 

increases 

Zhao and 

Cheung, 

(2013) 

 Barley  In vivo investigated the 

effect of barley β-

glucans as a potential 

prebiotics for fecal 

microbes 

 Intake of food containing 

barley β-glucans 

 Strong bifidogenic activity 

Mitsou et 

al. 

(2010) 

 Oat fiber  Yoghurt preparation 

with oat β-glucans 

 Probiotics (B. longum 

and B. breve) 

 Β-glucans stimulate the 

growth and activity of 

probiotics 

Rosburg 

et al. 

(2010) 

 Oat and 

barley β-

glucans 

 In vivo studies 

 Digestibility of nutrients 

 SCFA production 

 Skatole and indole level 

determination 

 Mineral metabolism  

 Endogenous β-glucans had 

more growth and activity of 

Bifidobacterim as compared to 

commercially available beta 

glucans diet 

Reilly et 

al. 

(2010) 

 Barley   Allow to consume 125g 

bread/day with β-

glucans intake 3g/day  

 3 months to investigate 

the effect of barley 

 derived β-glucans  

 

 Significantly decrease total 

coliform (30th day of 

experiment) and Clostridium 

perfringens (90th day of trail) 

 No significant increase in 

Lactobacillus and 

Bifidobacterium population 

Turunen 

et al. 

(2011) 

 Barley flour 

and corn 

bran 

 Comparison of 

fermentation of different 

substrate 

 

 Long chain β-glucans ferment 

slowly and produced low gas 

and SCFA 

Kaur et 

al. 

(2011) 
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 Mushroom 

sclerotia 

 Barley 

 Seaweed 

 

 Incubation of β-glucans 

with probiotics (B. 

infantis, B. adolescentis 

and B. longum) 

 Batch fermentation for a 

period of 24 hrs 

 Determined bifidogenic 

effect 

 Positive control was 

inulin 

 Β-glucans increase the growth 

and activity of selected 

probiotics 

 B. infantis exhibited more 

growth as compare to other 

two probiotics 

Zhao and 

Cheung 

(2011) 

 Recombinant 

Lactobacillus 

paracasei 

 Development of yoghurt 

with β-glucans, yoghurt 

cultures and Lb. 

paracasei 

 Growth and activity of 

yoghurt culture was not 

effected 

 During 28 days of storage, 

recombinant Lb. paracasei 

displayed viability more than 

108 CFU/mL 

Kearney 

et al. 

(2011) 

 Ganoderma 

lucidum β-

glucans 

 Probiotics (B. longum, 

B. breve and B. 

pseudocatenulatum) 

 Batch fermentation for 

24 hrs 

 Glucose as a control 

 Probiotics population 

increased  

 Bifidobacterium strains 

increses 0.3-0.7 log 10 

CFU/mL 

 Lactobacillus increases 0.7 to 

1 log 10 CFU/mL 

Yamin et 

al. 

(2012) 

 Commercial 

oat and 

barley 

 Studied animal model 

 Control group fed saline 

 Other group fed oat and 

barley β-glucans 

 Dose 0.35 g/kg body 

weight 

 0.70 g/kg on daily basis 

for a period of 6 week 

 Stimulate the growth and 

activity of probiotics 

Shen et 

al. 

(2012) 

 Comparison 

between oat 

and barley 

derived β-

glucans 

 Studied the effect of oat 

and barley animal feed 

on porcine GIT 

microbiota  

 Oat based fed gave more 

diverse population of gut 

microbiota 

 Increased population of 

Lactobacillus and 

Bifidobacterium as compare to 

barley based fed 

Murphy 

et al. 

(2012) 
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 Β-glucans 

from 

Pediococcus 

parvulus 

 EPS 

 Probiotics (L. 

acidophilus, L. 

plantarum, recombinant 

strains) 

 In the presence of 

carbon source by using 

glucose, EPS and both 

 Bacterial derived β-glucans 

had prebiotic effect 

 Growth and activity of all 

probiotics strains increased in 

the presence of β-glucans 

 Synergistic effect: Carbon 

source such as glucose and 

EPS delayed stationary phase 

Russo et 

al. 

(2012) 

 Laminaria 

digitate 

 Animal feed 

supplimanted with spray 

dried or liquid fucoidan 

or laminarin extract 

 Determined the effect of 

porcine GIT microbiota 

 Population of probiotics in 

GIT increased in the pig’s 

ileum fed with liquid extract 

diet but not the spray dried 

Murphya 

et al. 

(2013) 

2.7. Encapsulation 

Despite of various health benefits of probiotics, there is a major limitation in oral 

administration of live microbes due to survival of probiotics in the GIT of host during gastric 

transit. Most of the probiotics viability is lost during passage through stomach, at a very low 

pH. Survival and viability of probiotics is very important because viable probiotics have 

significant immunomodulatory activity as compared to non-viable probiotics (Galdeano and 

Predigon 2004; Ma et al., 2004), moreover, non-viable bacteria do not exhibit any health 

benefits (Kailasapathy and Chin, 2000). According to FAO/WHO, probiotics are strictly 

described as live microorganisms, so in this way bacteria selected as probiotics should survive 

harsh gastric environment and transit to provide certain health benefit (FAO/WHO, 2001). One 

recent approach to protect probiotics as well as increasing their survival and viability is 

“encapsulation”. 

Encapsulation is defined as formation of a coating outside the bioactive material in such a way 

that bacteria are entrapped within the wall material or capsule. Microencapsulation includes 

Bio-encapsulation or cell encapsulation is the method in which active ingredient (cell) is 

entrapped within the polymeric wall or capsule. The capsule or polymer protect the bioactive 

material from harsh gastric environment without effecting its physiological properties and 

effectiveness (Agnihotri et al., 2012). Currently, target delivery and encapsulation is getting 
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considerable interest as effective delivery method for probiotics to host’s GIT (Kailasapathy, 

2002).  

2.8. Encapsulation techniques 

The encapsulation techniques were developed to protect probiotics from drying, processing, 

packaging and storage conditions (i.e. temperature, time, oxygen, moisture), protection from 

low pH of gastric juice (2-3 pH) and tolerance to bile salt (Kailasapathy, 2006). The selection 

of appropriate encapsulation method depends upon many factors such as average particle size, 

interaction of core and wall material, chemical composition and physical properties of carrier 

material, processing cost and release mechanism. It also depends on strain type and its survival 

conditions (Parra-Huertas, 2010; Burgain et al., 2011) 

There are different techniques for encapsulation of probiotics included extrusion, emulsion, 

spray drying, spray chilling and spray coating (Champagne and Fustier, 2007). In most of the 

studies, mostly emulsion and extrusion techniques used for encapsulation of probiotics due to 

less cells injury (Krasaekoopt et al., 2003) whereas spray chilling and spray coating techniques 

are rarely used due to their high cost. Spray drying is generally used for encapsulation of 

commercial products due to its cost effectiveness and application at large scale.  

2.8.1. Extrusion technique 

Probiotics are added into the hydrocolloid solutions, mostly alginate is used as a wall material. 

Then probiotics cell suspension is extruded through syringe needle to form 

droplets/beads/capsules which free fall into a CaCl2 solution (hardening solution) (Figure 2.7). 

The advantages of extrusion are that the viscosity of hydrocolloid solution does not affect the 

beads formation, cost effectiveness, easy to apply, use of low temperature at which biological 

substance can survive (Graff et al., 2008).  

Alginate is mostly used as encapsulant in extrusion technique for encapsulation of probiotics. 

The concentration of sodium alginate to form a gel is very low (0.6 %) with 0.3 M CaCl2 while 

for 1-2% sodium alginate the strength of CaCl2 solution should be 0.05-1.5 M. The size, shape, 

smoothness, hardness, texture of capsule depends upon the viscosity of sodium alginate 

solution, diameter of syringe used, distance between syringe and hardening solution. As the 

thickness of sodium alginate solution increases the bead size decreases. It is also reported that, 

2-3 mm size of capsule can be achieved by using a 0.27 mm syringe (Krasaekoopt et al., 2003). 
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Figure 2.7: Encapsulation through extrusion and emulsion (Krasaekoopt et al., 2003) 

2.8.2. Emulsion technique 

In this technique, beads/capsules are formed by mixing two immiscible solutions from a 

continuous or discontinuous phase (Figure 2.7). Bacterial cells are suspended in the aqueous 

solution containing hydrocolloids such as gums, carrageenan, alginate and then mixed with 

continuous phase to form water in oil emulsion. Hou et al. (2003) encapsulated Lb. delbrueckii 

spp. bulgaricus in sesame oil emulsion. The encapsulation increased acid, bile salt tolerance 

and viability by four log units as compared to free cell. 

2.8.3. Spray drying  

Spray drying is frequently applied technique for encapsulation in food industry (Figure 2.8). It 

is used commercially because it is flexible, economical and produced good quality products. 

In this method, the probiotics (live cells) are incorporated into a polymer solution and then the 

mixture is atomized in drying chamber after adjusting the outlet, inlet temperature, pressure 

and feed rate. The water (solvent) is evaporated and microcapsules are collected in collection 

chamber which comes from cyclone (Burgain et al., 2011). 

The factors which affect the survival of probiotics are growth medium, drying medium, cell 

suspension, growth phase, spray drying conditions (inlet and outlet temperature, flow rate, 
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pressure), rehydration conditions, storage and packaging (Morgan et al., 2006; Meng et al., 

2008). Authors studied the effect of outlet temperature on the cell viability and reported that 

viability decreases as the outlet temperature increases (Lian et al., 2002). Rodriguez-Hueso et 

al. (2007) stated that at high outlet temperature the dried particles might be fractured and cell 

exposure to oxygen may result in loss of viability. Spray drying is easy, common and 

inexpensive technique to encapsulate live cells. One of the major limitation is its production 

on large or commercial scale (Krasaekoopt et al., 2003). It is also reported that lower survival 

rates of probiotics were observed in spray drying technique (Ananta et al., 2005). 

 

 

Figure 2.8: Spray drying method for encapsulation (Sosnik and Seremeta, 2015) 

2.8.4. Lyophilization  

Probiotics are freezed along with wall material at -30 to -20oC followed by 0.05 to 0.1 mBar 

pressure and temperature -50 to -30 oC. Cryoprotectants are added to stabilize and increase the 

viability of probiotics during storage. Most common cryopotectants are trehalose, sorbitol, 

milk protein, skim milk and lactose (Semyonov et al., 2010). Lyophilized probiotics have 

better stability and viability at inert atmosphere (vacuum or nitrogen) and at low temperature 

(Zuidam and Nedovic, 2010). Limitation of this method is to be more expensive as compared 

to spray drying. 
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2.8.5. Spray freeze drying  

In this technique, both techniques are combined i.e. spray drying and lyophilization (freez 

drying). The advantage of using this technique is controlled size of capsules/beads and high 

surface area as compared to spray drying alone. The disadvantages are more processing time, 

high energy utilization and being expensive (Burgain et al., 2011). Encapsulation of Lb. 

paracasei was done using trehalose and maltodextrin as wall materials by using spray freeze 

drying technique, the survival of probiotics was higher as compared to lyophilization 

(Semyonov et al., 2011). 

2.9. Encapsulating materials 

The correct selection of wall material is very much important for effective encapsulation, 

stability and viability of probiotics. Encapsulant materials can be selected on the basis of 

various factors included molecular weight, solubility, gel formation, film formation, 

crystallinity, emulsifying property, melting point, stability, interaction with other wall 

materials, hydrophobic and hydrophilic characteristics (Gharsallaoui et al., 2007). Different 

studies revealed the effect of various wall materials on the survival and viability of probiotics 

i.e. cellulose acetate phthalate, whey protein isolate, gum arabic, soluble starch, gelatin, acacia 

gum, β-cyclodextrin (Favaro-Trindale and Grosso 2002; Lian et al., 2002; Picot and Lacroix 

2003; Picot and Lacroix 2004; Zhao et al., 2008). 

Now a days, protein is used as wall material in combination with polysaccharides for 

encapsulation of probiotics. Due to hydrophilic property of proteins, it offers functional as well 

as physicochemical characteristics and effectively encapsulates hydrophobic core material. 

Proteins which are mostly used for encapsulation are soy protein isolates, sodium caseinate, 

whey protein concentrate and whey protein isolates (Gharsallaoui et al., 2007). 

The main objective to use effective wall material is to protect the core material or bioactive 

component from the harsh environment during manufacturing, processing, storage, packaging 

and distribution. Different wall materials affect the release of probiotics and also probiotic 

recovery after rehydration or through gastric transit. New encapsulating methods with different 

wall materials are being introduced to protect bacteria from bile salt, high temperature, low 

pH, acidity, oxygen, etc (Lian et al., 2003; Chandramouli et al., 2004; Chan and Zhang 2005; 
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Iyer and Kailasapathy, 2005; Capela et al., 2006; Muthukumarasamy et al., 2006; Ding and 

Sha, 2007; Kim et al., 2008).     

Lb. acidophilus was encapsulated by spray drying method and effect of gum acacia, 

cyclodextrin on the viability of probiotics was evaluated. The microstructure through SEM and 

cell survival was also studied. Result revealed that 20% w/v of wall materials provided uniform 

capsule size with 22 μm mean particle size (Zhao et al., 2008). Lian et al. (2002, 2003) studied 

the survival of Bifidobacterium through spray drying technique by using different wall 

materials i.e. soluble starch, skim milk, gum arabic and gelatin. Results revealed that B. longum 

encapsulated in skim milk exhibited good survival rate as compared to other wall materials. 
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CHAPTER 3 

            MATERIALS AND METHODS 

The current study was conducted at National Institute of Food Science and Technology 

(NIFSAT), University of Agriculture, Faisalabad. The encapsulation, optical microscopy, 

SEM, HPLC were performed at Food innovation center, Department of Food Science and 

Technology, University of Nebraska, Lincoln, USA. The present study was designed to 

develop synbiotic beverage using B. longum, oat and barley. The B. longum was isolated from 

infant faecal samples and characterized. The B. longum isolates were assessed for probiotic 

potential and encapsulated by using whey protein concentrate and pectin. The encapsulated B. 

longum was used along with co-culture (Lb. plantarum) for the development of oat and barley 

based synbiotic beverage. Afterwards, beverage was subjected to physicochemical, 

microbiological and sensory analysis. The materials and methods employed for the present 

study are given below. 

3.1. Procurement of raw material 

Oat variety (Avon) and barley variety (B9008) were procured from Ayub Agriculture Research 

Institute (AARI), Faisalabad. All the chemicals, reagents and standards were purchased from 

Merck (Merck KGaA, Darmstadt, Germany) and Sigma-Aldrich (Sigma-Aldrich Tokyo, 

Japan). 

3.2. Isolation of Bifidobacterium longum 

3.2.1. Sterilization of glass wares 

The glassware i.e. (glass bottles, screw-capped test tubes, glass petri-plates, glass flasks, etc.) 

were washed and air dried. The glassware was wrapped in paper and placed in hot air oven 

(Memmert UM-200) at 171°C for 30 min (Yousef and Carlstrom, 2003). 

3.2.2. Media preparation  

Culture media (MRS agar and MRS broth) were prepared for the growth and isolation of B. 

longum from infant faeces. Media was dissolved in distilled water by heating and pH was 

adjusted at 6.6. After that media was autoclaved at 121°C for 15 min (Zinedine and Faid, 2007). 
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3.2.3. Sample collection and preparation  

Faecal samples of healthy infants were collected from different areas of Faisalabad. Sterilized 

screw caped test tubes were used for sample collection. Samples were stored at 4oC till further 

use. Serial dilution was made for each sample (Pyar and Peh, 2014). 

3.2.4. Inoculation and incubation  

Sterilized MRS media was poured in petri plates and allowed to solidify in laminar cabinet flow.  

100 µL of serially diluted sample was poured through spread plate method and petri plates were 

incubated anaerobically at 37oC for 24-48 h (Zinedine and Faid, 2007). 

3.2.5. Morphology of isolates 

After incubation, bacterial colonies were examined for color, size, margins and shape 

(Stephanie et al., 2015). 

3.2.6. Gram’s staining 

The presumed bacterial colonies were picked for Gram’s staining. After staining, the slides 

were air dried and observed under optical microscope (Yousef and Carlstrom, 2003). 

3.2.7. Purification of isolates 

Pure bacterial colonies were obtained after 3 times sub-culturing through streak plate method. 

The pure culture was preserved in sterile broth supplemented with 30% glycerol (Pyar and Peh, 

2014).  

3.3. Physiological characterization of isolates 

3.3.1. Effect of temperature on the growth of isolates 

The growth of isolates was determined at different temperature. MRS broth was prepared and 

isolates were inoculated. After inoculation, the tubes were incubated at 15°C, 20°C, 37°C and 

45°C for 24-48 h. After incubation, agar plates were observed for growth (Maqsood et al., 

2013). 

3.3.2. Effect of pH on the growth of isolates 

The growth of isolates was determined at different pH 4, 4.5, 5.0, 5.5 6.0, 6.5, 7.0 and 7.5. The 

MRS broth was prepared. After adjusting the pH of media, pure culture was inoculated and 
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incubated at 37°C for 24-48 h. After incubation growth was observed (Zinedine and Faid, 

2007). 

3.3.3. Effect of NaCl concentration on the growth of isolates 

Isolates were observed for their tolerance against different NaCl concentration (2%, 2.5%, 3%, 

3.5%, 4%, 4.5%, 5%, 5.5%, 6% and 6.5%). MRS broth was prepared and pure culture was 

inoculated and incubated at 37°C for 24-48 h. After incubation, growth was observed 

(Kamruzzaman et al., 2013). 

3.4. Enzymatic characterization of isolates  

3.4.1. Catalase test  

This test demonstrates the presence of catalase, an enzyme that catalyses the release of oxygen 

from hydrogen peroxide (H2O2). It is used to differentiate those bacteria that produces an 

enzyme catalase.  

The enzyme catalase mediates the breakdown of hydrogen peroxide into oxygen and water. 

The presence of the enzyme in a bacterial isolate is evident when a small inoculum is 

introduced into hydrogen peroxide and the rapid elaboration of oxygen bubbles occurs. The 

lack of catalase is evident by no or weak bubble production. The culture should not be more 

than 24 h old. 

2H2O2   Catalase  2H2O + O2 (gas bubbles) 

A single isolated colony was smeared on a glass slide. One drop of 3% hydrogen peroxide was 

poured on it. The formation of bubbles indicated catalase positive (Pyar and Peh, 2014). 

3.4.2. Oxidase test  

The oxidase test is used to identify bacteria that produce cytochrome c oxidase, an enzyme of 

the bacterial electron transport chain.  When present, the cytochrome c oxidase oxidizes the 

reagent (tetramethyl-p-phenylenediamine) to (indophenols) and purple color end product is 

formed. When the enzyme is not present, the reagent remains reduced and is colorless. The 

procedure is given below as described by Hoque et al. (2015). 
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1. Strip of Whatman’s No. 1 filter paper are soaked in a freshly prepared 1% solution of 

tertramethyl-p-phenylene-diamine dihydrochloride. 

2. After draining for about 30 sec, the strips are freeze dried and stored in a dark bottle 

tightly sealed with a screw cap. 

3. For use, a strip is removed, laid in a petri dish and moistened with distilled water. 

4. The colony to be tested is picked up with a platinum loop and smeared over the moist 

area. 

A positive reaction is indicated by an intense deep-purple hue, appearing within 5-10 sec, a 

“delayed positive” reaction by colouration in 10-60 sec and a negative reaction by absence of 

colouration or by colouration later than 60 sec. 

3.4.3. Urease test 

Urea is the product of decarboxylation of amino acids. Hydrolysis of urea produces 

ammonia and CO2. The formation of ammonia alkalinizes the medium and the pH shift is 

detected by the color change of phenol red from light orange at pH 6.8 to magenta (pink) at 

pH 8.1. Rapid urease-positive organisms turn the entire medium pink within 24 hours. Weakly 

positive organisms may take several days and negative organisms produce no color change or 

yellow as a result of acid production. Urease test was performed by preparing urea broth 

containing peptone, KH2PO4, NaCl, glucose, urea and phenol red. The pure culture isolates 

were inoculated and broth medium was incubated at 37°C for 24-48 h and change in color was 

observed (Chakraborty and Bhowal, 2015). 

3.5. Biochemical characterization of isolates 

3.5.1. Starch hydrolysis 

Colony of pure isolates was inoculated on MRS agar plate containing soluble starch (0.2%). 

The plate was incubated at 37ºC for 24-48 h and after incubation flooded with Lugol’s iodine 

solution. The absence or presence of clear zones was observed (Hoque et al., 2015). 

3.5.2. Citrate utilization 

Citrate utilization test was performed by inoculating isolates to simmon’s citrate agar slant. 

Incubation was done at 37ºC for 24-48 h and change in color was observed (Hoque et al., 

2015). 



 

36 
 

3.5.3. Gelatin liquefaction 

Isolates were inoculated into the test tubes containing 12% (w/v) gelatin. Tubes were incubated 

at 37ºC for 24 h and gelatin liquefied microorganisms were determined by keeping it at 

refrigerator temperature for 15 min (Hoque et al., 2015). 

3.5.4. Milk coagulation 

1% (v/v) pure culture was inoculated into 10% sterilized skim milk and pH was recorded. Then 

the tubes were incubated at 37ºC for 24-48 h. After incubation, phase separation was observed 

(Chakraborty and Bhowal, 2015). 

3.5.5. Nitrate reduction 

Nitrate broth (nutrient broth along with 5g KNO3/NaNO3) was inoculated with pure culture 

and incubating at 37ºC for 24 h. The change in color was observed (Chakraborty and Bhowal, 

2015). 

3.5.6. H2S production  

Isolates were inoculated in Sulfide-Indole-Motility (SIM) medium containing sulphur 

compounds and incubated at 37ºC for 24 h. The change in the color (black) of the medium 

indicated H2S production (Chakraborty and Bhowal, 2015). 

3.5.7. Ammonia production 

MRS broth was prepared containing arginine (0.3%) and ammonium citrate (0.2%). Ammonia 

production was detected by using Nessler’s reagent (Chakraborty and Bhowal, 2015). 

3.5.8. Phenol tolerance 

Overnight culture (1% v/v) was inoculated in MRS broth containing 0.4% phenol and 

incubated at 37ºC for 24 h. After 24 h of incubation, growth of the isolates was observed 

(Chakraborty and Bhowal, 2015). 

3.6. Motility and endospore test  

Overnight culture was inoculated into the motility indole urease agar and observed the motility 

after 48 h of incubation. The isolates were characterized for endospore production through 

differential staining technique (Schaeffer-Fulton method) (Chakraborty and Bhowal, 2015). 
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3.7. Sugar fermentation test 

The overnight culture of isolates was biochemically tested for their ability to ferment different 

sugars (Mehmood et al., 2009). 

3.8. Maintenance and preservation of pure isolates 

Harvesting of pure culture was done by centrifuged at 5000 rpm at 4°C for 10 min. The pellets 

were washed thrice with sterilized peptone water and suspended in 10 mL of peptone water to 

obtain a final concentration (>109 CFU/mL) and biomass was preserved by lyophilization 

(Stephanie et al., 2015).  

3.9. Molecular identification of isolate 

Bacterial genomic DNA was extracted by following the phenol-chloroform extraction method 

as described by (Martinez et al., 2015). PCR was performed by using universal 16S primers 

(8F and 1391R) followed by purification by QIAquick PCR purification kit (Qiagen, USA) 

and quantified using Nano Drop ND-1000 Spectrophotometer. The purified 16S rDNA gene 

sequencing was done by the Genomics Core Facility at Michigan State University, USA. The 

sequence was compared and molecularly identified with the available nucleotide database from 

the NCBI GenBank using the BLAST program. 

3.10. Probiotic screening of B. longum BL-05 

3.10.1. pH tolerance 

The bacterial suspension 1 mL (109 log CFU/mL) was inoculated into sterilized MRS broth of 

varying pH (1.5, 2, 2.5, 3, 3.5) and incubated at 37°C for 24-48 h. 100 µL inoculum was 

transferred to MRS agar by pour plate method and incubated anaerobically at 37°C for 48 h. 

The growth of B. longum BL-05 on MRS agar plates was observed (Tambekar and Bhutada, 

2010). 

3.10.2. Bile salt tolerance 

The tolerance of B. longum BL-05 to bile salt was observed by inoculating 1 mL (109 log 

CFU/mL) bacterial suspension in varying concentration (0.5%, 1%, 1.5%, 2% and 2.5%) of 

bile salt and incubated at 37°C for 24-48 h. 100 µL inoculum was transferred to MRS agar by 
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pour plate method and incubated anaerobically at 37°C for 48 h. The growth of B. longum BL-

05 on MRS agar plates was observed (Tambekar and Bhutada, 2010). 

3.10.3. Temperature sensitivity 

The bacterial suspension 1 mL (109 log CFU/mL) was inoculated into sterilized MRS broth 

and incubated at 20°C, 25°C, 30°C, 37°C, 40°C and 45°C. The growth of B. longum BL-05 on 

MRS agar plates was observed (Tambekar and Bhutada, 2010). 

3.10.4. Lactose utilization 

Sterilized fermentation medium was prepared (10 g peptone, 15 g NaCl, 0.018 g phenol red, 5 

g lactose in 1 L distilled water and adjusting the pH 7.0). The medium was inoculated with 1% 

(109 log CFU/mL) freshly prepared bacterial culture and incubated at 37°C for 48 h. Change 

in the color indicated the utilization of lactose and production of lactic acid (Ahmed and 

Kanwal, 2004). 

3.10.5. NaCl tolerance 

Salt tolerance of B. longum BL-05 at 2%, 4%, 6%, 8% and 10% NaCl concentration was 

determined by inoculating 1% (109 log CFU/mL) bacterial suspension and incubated 

anaerobically at 37°C for 24-48 h. The growth of B. longum on MRS agar plates was observed 

(Hoque et al., 2010). 

3.10.6. Antibiotic susceptibility 

Antibiotic susceptibility of B. longum tested against antibiotics i.e. cephalothin, ampicillin, 

penicillin, novobiocin, vancomycin, spectinomycin, erythromycin, chloramphenicol, 

rifampicin, gentamicin, tetracycline, neomycin, kanamycin, streptomycin, fusidic acid, 

polymyxin b, nalidixic acid and cloxacillin by using antibiotic disc diffusion method. 1% 

overnight culture of B. longum BL-05 was swabbed on MRS agar plates. Antibiotic disc was 

placed on solidified MRS plates and give them 30 min for antibiotic diffusion and after that 

incubated at 37°C for 48 h. The zone of inhibition was observed (Vijayakumar et al., 2015). 

3.10.7. Proteolytic activity  

Overnight B. longum BL-05 culture was centrifuged and MRS agar plates were prepared (1 g 

agar, 0.5 g peptone, 0.3 g beef extract and 0.5 g skim milk to make it 100 mL with distilled 
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water). 5 µL of B. longum BL-05 was swabbed on agar plates and incubated at 37°C for 48 h. 

After completion of incubation the clear zone indicated that B. longum BL-05 have the ability 

to produce protease enzyme (Vijayakumar et al., 2015). 

3.10.8. Tolerance to simulated gastric juice (SGJ) 

Tolerance of B. longum BL-05 to simulated gastric juice was determined according to the 

method as described by Vijayakumar et al. (2015). The stimulated gastric juice (3 mg/mL of 

pepsin, 0.5% w/v NaCl, distilled water) was prepared and adjusted the pH 2. 30 µL of overnight 

B. longum BL-05 culture was centrifuged at 5000 x g for 10 min at 4°C. After centrifugation, 

the supernatant was discarded, cell pellets were washed with phosphate buffer saline (PBS) 

and were suspended in 3 mL of PBS. 0.5 mL of cell suspension was mixed with 4.5 mL of SGJ 

and incubated at 37°C. 100 µL sample was transferred on the MRS agar plates after pre-

determined time interval (0, 30, 60, 90 and 120 min) and the plates were incubated at 37°C for 

48 h. The number of viable cells were enumerated after incubation. 

 3.10.9. Production of exopolysaccharides (EPS) 

The production of EPS was determined by the method described by Liu et al. (2011). 1% B. 

longum BL-05 (1 x 109 CFU/mL) was inoculated into MRS broth supplemented with 2% 

glucose and incubated at 37°C for 24 h. After completion of incubation, bacterial cell pellets 

were removed by centrifugation (4000 x g) for 10 min at 4°C. 4% (w/v) trichloroacetic acid 

was added and mixture was vortexed at 4°C for 3 h. After removal of precipitated proteins by 

centrifugation (22,000 x g for 20 min), the supernatant was concentrated through evaporation. 

EPS was precipitated by adding 4 volumes of ethanol (95%) and stored for 24 h at 4°C after 

centrifugation (22,000 x g for 20 min at 4°C). After that EPS was dialyzed (6000 Da to 8000 

Da molecular weight) for 48 h at 4°C and freeze dried to make powder. The EPS amount was 

calculated by following the phenol-sulfuric acid method (Nikolic et al., 2012). 

3.10.10. Auto-aggregation assay 

The aut-oaggregation assay was performed by following the method as described by Xu et al. 

(2009) with little modifications. 1% overnight culture of B. longum BL-05 cells were collected 

after centrifugation (4000 x g) for 10 min at 4°C. The cells were washed two times with 

phosphate buffer saline (PBS) and re-suspended in PBS to absorbance (0.5 ± 0.02) at 600 nm 
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at 0 h (A0). Then, 2 mL bacterial suspension was vortexed for 5 sec and incubated at 37oC for 

2 h. After incubation, supernatant was collected to measure its absorbance at 600 nm after 2 h 

(A2). The auto-aggregation percentage was expressed as  

Auto-aggregation %= 1 - (A2/A0) x 100. 

Whereas, 

A0 = Absorbance at 0 h 

A2= Absorbance after 2 h 

3.10.11. Cell surface hydrophobicity 

Cell surface hydrophobicity was evaluated via B. longum BL-05 adhesion to hydrocarbons by 

following the method as described by Kotzamanidis et al. (2010) with slight modification. The 

overnight B. longum BL-05 cells were collected after centrifugation (4000 x g) for 10 min at 

4°C. The cells were washed 2 times with phosphate buffer saline (PBS) having pH 7 and re-

suspended in PBS to absorbance (0.5 ± 0.02) at 600 nm at 0 h (Ai). After that 1 mL of each 

hydrocarbon (xylene and chloroform) were mixed separately with 3 mL B. longum BL-05 cells 

suspension and pre-incubated at room temperature for 10 min. The cell suspension and 

hydrocarbon mixture was vortexed for 2 min and kept for 20 min for phase separation (water 

and hydrocarbon phase). Aqueous phase was collected and absorbance was measured at 600 

nm (Af). The surface hydrophobicity (%) was calculated  

Hydrophobicity %= (1 – Af/Ai) x 100.  

Whereas, 

Ai = Initial absorbance  

Af= Final absorbance  

3.10.12. Antioxidant properties of probiotics 

3.10.12.1. Determination of DPPH free radical scavenging activity  

The DPPH (2, 2-Diphenyl-1-picrylhydrazyl) radical scavenging activity of B. longum BL-05 

was determined by a modified method as described by Chen et al. (2006). Various 

concentrations (10 µL, 20 µL, 30 µL, 40 µL) of freshly prepared isolated B. longum BL-05 

cells (109 CFU/mL) were mixed with 1 mL of (0.05 mM) DPPH solution. The mixture was 

vortex and incubated for 30 min in dark place at room temperature. The absorbance was 

recorded at 517 nm and DPPH scavenging activity was calculated by using the formula: 
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DPPH scavenging activity %= 1- (A sample - A blank/A control) x 100 

Whereas 

A sample= B. longum BL-05 and DPPH solution 

A blank= A mixture of methanol and B. longum BL-05 cells   

A control= DPPH solution  

3.10.12.2. Determination of resistance to hydrogen peroxide 

The resistant of B. longum BL-05 to hydrogen peroxide was determined by a modified method 

as described by Oberg et al. (2011). 10 mL of freshly prepared culture were mixed with 10 mL 

0.89% normal saline in different test tubes with varying concentration of H2O2 (0.5, 1.0 and 

1.5 mM). Along with control, the viability of B. longum BL-05 was measured at 0, 30 and 60 

min of incubation at 37oC. 

3.10.13. Depletion of sodium nitrite 

Depletion of sodium nitrite by B. longum BL-05 was documented by following the method as 

described by Wu et al. (2012) with slight modification. 1 mL (1500 µg/mL) of sodium nitrite 

solution was mixed with 9 mL of MRS broth (pH 6.5) to reach a final concentration of 150 

µg/mL. 100 µL freshly prepared B. longum BL-05 culture (1 x 109 CFU/mL) was inoculated 

and incubated anaerobically for 48 h at 37oC. In case of control samples, sterilized water was 

used instead of inoculum. Depletion of sodium nitrite was determined by using colorimetric 

nitrite method by measuring the initial and final absorbance at 538 nm (Yan et al., 2008). 5 

mL of mixture (inoculum, MRS broth, nitrite) was deproteinated and defatted by using 10 mL 

of ZnSO4 (0.42 mol/L), then the mixture was filtered. 1 mL of each these three color 

developing solutions, 0.2% (w/v) sulfanilamide, 0.1% (w/v) N-1-naphtyethylene diamine 

dihydrochloride and 44.5% (v/v) HCl were added to filtrate and mixed thoroughly. The mixture 

was kept for 5 min in dark place at room temperature. The optical density of color mixture was 

recorded at 538 nm against blank. A standard sodium nitrite solution (3000 µg/mL) was 

prepared and serially diluted to construct standard curve by following the same protocol.  

Nitrite depletion (%)= (1 - C1/C0) x 100 

Whereas,  

C0= Amounts of nitrite present in MRS broth at 0 h 

C1= Amounts of nitrite present in MRS broth at 48 h 
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3.10.14. Antagonistic activity 

3.10.14.1. Antibacterial activity 

Antibacterial activity of B. longum BL-05 against four human pathogens Escherichia coli, 

Salmonella, Staphylococcus aureus and H. pylori was determined through ager well diffusion 

method (Pundir et al., 2013). 2 mL of freshly prepared B. longum BL-05 in MRS broth was 

filtered by using 0.2 µm syringe filter. 50 µL of filtrate was poured into 7 mm diameter wells 

(created in the Muellere Hinton agar plates) which overlaid above mentioned indicator 

pathogens. The plates were incubated at 37oC for 24 h. After incubation, the clear zone 

diameter of B. longum BL-05 against each indicator pathogen was measured. Antimicrobial 

activity was divided into three groups strong (diameter>20mm), moderate 

(20mm<diameter>10 mm) and weak (diameter< 10mm). 

3.10.14.2. Antifungal activity 

Antifungal activity of B. longum BL-05 against A. fumigatus, A. oryzae and F. oxysporum was 

determined (Pundir et al., 2013). Petri plates were prepared and allowed to solidify. 100 μL of 

each standardized microorganism was spreaded on agar plates and kept for 10 min for drying. 

After that 7 mm diameter wells were made through sterile borer. 50 µL of filtrates was poured 

into the wells and plates were incubated at 25oC for 72 h. After incubation, the clear zone 

diameter of B. longum BL-05 against each fungal strain was measured.  

3.10.15. Cholesterol reduction assay 

A cholesterol stock solution was prepared by dissolving 30 mg of water soluble cholesterol 

(polyoxyethanyl-cholesterol sebacate) in 10 mL distilled water and filtered (0.45 µm). MRS 

broth containing 100 µL/mL cholesterol stock and 0.30 g/100 mL bile salt (oxgall) was 

inoculated with 1% of freshly prepared B. longum BL-05 (1 x 109 CFU/mL) and incubated at 

37°C for 24 h. The samples were withdrawn after predetermined time interval 6, 12, and 24 h 

and centrifuged 4000 × g for 10 min at 4 °C. The supernatant was used to determine cholesterol 

content by using modified colorimetric method (Rudel and Morris, 1973) with slight 

modification (Liong and Shah, 2005a). I mL of this supernatant was mixed with 1 mL (33% 

w/v) KOH and 2 mL ethanol (96%). This mixture was vortexed for 2 min and incubated at 37 

°C for 15 min and then cooled at room temperature. After cooling 3 mL of hexane and 2 mL 
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of Milli-Q water was added and vortexed for 2 min. The mixture was kept some time for 

separation of two phases, hexane layer was separated (upper layer) and evaporated. 2 mL of o-

phthalaldehyde reagent (50 mg OPA dissolved in 100 mL glacial acetic acid) were added and 

vortexed for 2 min. 0.5 mL H2SO4 (98% purity) was added into this mixture and vortexed. 

After 10 min rest at room temperature, absorbance was recorded at 550 nm. The ability of B. 

longum BL-05 to assimilate cholesterol was expressed as the percentage of cholesterol 

removed. 

% of cholesterol removed= 100 - residual cholesterol at each incubation interval × 100 

                                                                                        100 

3.10.16. Growth on prebiotics  

Sterilized MRS basal media (carbohydrate free) was prepared. 2% w/v of each prebiotic i.e. 

inulin, pectin, FOS and maltodextrin were added into a separate MRS basal media test tubes. 

1% of freshly prepared B. longum BL-05 (1 x 109 CFU/mL) was inoculated into each media 

and incubated at 37°C for 48 h. The number of colonies were counted after incubation and 

results were expressed as log CFU/mL (Muganga et al., 2015). 

3.11. Encapsulation of Bifidobacterium longum BL-05 

3.11.1. Preparation of cell suspension 

B. longum BL-05 was reactivated thrice in MRS broth supplemented with L-cysteine (0.05 %) 

at 37°C for 18 h in anaerobic chamber (Bactron SHEL LAB, anaerobic Chamber, USA) as 

described by De Lara Pedroso et al. (2012). The cells were harvested through centrifugation at 

4816 x g at 4°C for 10 min (Sorvall Legend XTR centrifuged, USA) and washed twice with 

0.89% (w/v) sterilized normal saline. The cell pellets were diluted to provide final 

concentration of 109 to 1010 CFU/mL. 

3.11.2. Microencapsulation 

Different preliminary trails were conducted to prepare mechanically stable 

microparticles/beads with uniform size using whey protein concentrate (WPC), pectin (PE) 

and sodium alginate (SA). In this context, the first challenge was to determine the 

concentration of WPC, PE and SA to form beads through extrusion. 10% WPC, 2% PE and 

1% SA were the level used to develop mechanically stable beads with uniform diameter. 
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Therefore, five different formulations were prepared from aqueous dispersion of WPC and PE 

as presented in Table 3.1. 1% SA was added in all the formulations. To achieve complete 

hydration of polymers and good gel characteristics, the polymers solution was prepared one 

day before use and kept at 4oC. Polymeric gel solution was prepared by heating at 80oC for 30 

min under continuous agitation. Thereafter, the solution was cooled to room temperature. 

The cell suspension was added into biopolymer solutions at 1:9 (v/v) (bacteria to polymer ratio) 

under continuous magnetic stirring.  The number of viable cells in all microbial polymer 

mixtures was 109 CFU/mL (determined through pour plate method and incubating at 37oC for 

24-48 h before encapsulation). All the microbial polymer gel solutions were extruded through 

syringe (21G). One part of gel solutions dropped into ten parts of sterile 0.4 M CaCl2 solution 

(Muthukumarasamy et al., 2006). The beads were formed immediately and rested for 30 min 

for gelification in CaCl2 hardening solution. The beads were harvested through filtration and 

washed twice with sterilized distilled water and kept at 4oC in 0.1 % sterile peptone solution 

(Krasaekoopt et al., 2004). All the beads were prepared in triplicate. Fresh beads were 

immediately used to determine the viable count and release of B. longum BL-05 in simulated 

gastrointestinal conditions.  

Table 3.1: Combination of wall materials for encapsulation 

Beads formulations Whey protein concentrate  (%) Pectin (%) 

E1 100 - 

E2 75 25 

E3 50 50 

E4 25 75 

E5 - 100 

 

3.11.3. Determination of free and encapsulated B. longum viable cells 

0.5 g encapsulated B. longum BL-05 was dissolved in 4.5 mL of 50 mM sodium citrate solution 

at pH 7 under continuous agitation by using magnetic stirrer at room temperature. After 

complete release, B. longum BL-05 was serially diluted with normal saline (0.89% NaCl). 100 
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µL was plated on MRS agar through pour plate method and incubated at 37oC for 24 h in 

anaerobic chamber (Bactron SHEL LAB, anaerobic Chamber, USA). After incubation 

colonies were enumerated and express in log CFU/g. In case of free cells, the same method 

was followed as mentioned above and colonies were enumerated and expressed in log CFU/mL 

(Shi et al., 2013).  

3.11.4. Encapsulation efficiency and yield 

The viability of B. longum BL-05 was determined both in polymeric mixture before 

encapsulation and after encapsulation. The beads were disintegrated by using 9 mL of 2% 

(w/v) sterile sodium citrate solution having pH 7.0 with continuous shaking until beads 

dissolved. After the release of probiotics, the cells were enumerated by following serial dilution 

method. 0.1% (w/v) sterile peptone water was used for making dilutions through pour plate 

method. Plates were incubated at 37°C for 48 h in anaerobic chamber (Bactron SHEL LAB, 

anaerobic Chamber, USA). After incubation, bacterial population was counted by using colony 

counter (Gebara et al., 2013). 

Encapsulation efficiency is a combine measure of cells entrapment and viable cells during 

encapsulation. It was calculated by using following equation (Annan et al., 2008). 

EE=N/N0 x 100     

EE= Encapsulation efficiency in percentage 

N= Number of cells released from the beads (log10 CFU/g) 

N0= Number of free cells (log10 CFU/mL) added to the mixture to be extruded during 

encapsulation process  

3.11.5. Survival of free and encapsulated B. longum BL-05 in vitro simulated gastric juice 

(SGJ) 

The viability of free and encapsulated probiotics was determined with the method described 

by Rajam, et al., (2012) with little modification. The simulated gastric fluid (SGF) was 

prepared by dissolving 3.0 g/L pepsin in sterile saline 0.5% (v/v) and adjusting pH 2.0 with 12 

mol/L HCl. The prepared SGJ was pre-warmed in incubator at 37oC before use. The free cells 

(0.5 mL) and encapsulated cells (0.5 g) were separately added to tubes containing 4.5 mL of 

sterile SGF. Tubes were shaken and incubated at 37oC under constant agitation (100 rpm). 

Viable cells count was determined by taking samples after 60 and 120 min during incubation. 
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At each pre-determined time interval, microcapsules were harvested, rinsed and used for 

enumeration as illustrated in section (3.10.3). Samples of free cells were serially diluted by 

using normal saline (0.89% NaCl) and 100 µL sample was taken for plating on MRS agar by 

pour plate method. The survival of B. longum BL-05 was expressed as viable cells (log10 

CFU/g).  

3.11.6. Survival of free and encapsulated B. longum in bile salt solution 

The viability of free and encapsulated probiotics was determined with the method described 

by Rajam, et al. (2012) with little modification. Suspension of free (0.5 mL) or encapsulated 

B. longum BL-05 (0.5 g) were placed in a separate test tubes containing 4.5 mL bile salt 

solution (2% w/v concentration). Tubes were shaken and incubated at 37oC under constant 

agitation (100 rpm). Viable cells count was determined by withdrawing samples after pre-

determined time point (0, 60, 120, 180 and 240 min). Samples of free cells were serially diluted 

by using normal saline (0.89% NaCl) and 100 µL sample was taken for plating on MRS agar 

by pour plate method. The viability of encapsulated B. longum BL-05 was determined as 

illustrated in section (3.10.3). 

3.11.7. Release study of encapsulated B. longum BL-05 in simulated intestinal fluid (SIF) 

Release profile of encapsulated B. longum BL-05 was investigated in SIF (6.8 g of KH2PO4, 

pH 6.8) as described by Xu et al. (2016). The prepared SIF was pre-warmed in incubator at 

37oC before use. The free cells (0.5 mL) and encapsulated cells (0.5 g) were separately added 

to tubes containing 4.5 mL of sterile SIF. Tubes were shaken and incubated at 37oC under 

constant agitation (100 rpm). Viable cells count was determined by withdrawing samples (100 

µl) after predetermined time interval (0, 30, 60, 90, 120 and 150 min) during incubation. Viable 

cells released in SIF were enumerated through pour plate method as explained in section 

(3.10.3). Release rate was calculated by following equation: 

Release rate %= (log CFU N1 /log CFU N0) x 100%  

Whereas, 

N1= Number of viable cells released from beads in SIF  

N0= Number of viable cells in beads added to SIF 



 

47 
 

3.11.8. Stability of free and encapsulated B. longum BL-05 at 4oC 

Storage stability of free and encapsulated B. longum BL-05 was determined at 4oC for 28 days 

at set intervals (0, 7, 14, 21, 28 days). Free cells were serially diluted with sterilized normal 

saline (0.89% NaCl) solution and 100 µL aliquots were plated on MRS agar plates. Beads 

containing B. longum BL-05 were dissolved in 4.5 mL of 50 mM sodium citrate solution 

having pH 7.0 with continuous shaking at 100 rpm. Released B. longum BL-05 was 10 times 

serially diluted with normal saline (0.89% NaCl) solution and 100 µl aliquots were plated on 

MRS agar plates (Shi et al., 2013).  

3.11.9. Characterization of beads 

3.11.9.1. Morphology and particle size 

The freeze-dried beads were placed on a sample holder equipped with double sided carbon 

tape and coated with gold sputter coater. Then, morphology of beads was observed by using a 

Field Emission Scanning Electron Microscope (FE-SEM) (S4700, Hitachi High-Technologies 

Corporation, Japan) as described by Lian et al. (2002). The size of encapsulates was measured 

using an optical microscope (Nikon, Japan) with a scale bar, from at least three different 

directions to calculate the average size ± standard deviation (SD) (Wang et al., 2016). 

3.11.9.2. Color analysis 

The color analysis was performed with Minolta Chroma Meter CR- 300 (Konica Minolta, 

Osaka, Japan) colorimeter as described by Holkem et al. (2016). The colorimeter was used to 

measure the L*, a* and b* parameters. The L* parameter ranges from 0 to 100, indicating the 

color variation from black to white; the a* axis shows the variation from red (+) to green (−); 

while the b* axis shows the variation from yellow (+) to blue (−). Purposely, beads were placed 

in a transparent petri dish and experiment was run in triplicate.  

3.11.9.3. Texture profile  

The variation in the texture of different beads was determined through Texture Profile Analysis 

(TPA) as described by Sandoval-Castilla et al. (2010) with little modification. A Stable Micro 

Systems Texturometer (TA-XT2i NY, USA) equipped with a 5 kg load cell was used. 8g beads 

sample was taken and placed on a fixed bottom surface under a cylindrical probe at room 

temperature. The cylindrical steel probe with large surface area (35 mm diameter) was used to 
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get good test reproducibility. The contact force of 0.005 N was used for determination of 

texture with automatic detection when probe contacted with beads. The sample beads were 

compressed 30% by using 2 compression cycle with 50 mm min_1 velocity. Hardness, 

cohesiveness, springiness, and resilience (Choonara et al., 2008) were analyzed using the 

equipment ‘s Texture Expert Software for Windows Version 3.2. 

3.11.9.4. Moisture content 

Moisture content of microcapsules was determined through oven drying method (Cabuk and 

Harsa, 2015). 

3.12. Product development 

3.12.1. Compositional analysis 

Oat and barley were analyzed for moisture, ash, crude protein, crude fat, crude fiber and 

nitrogen free extract according to respective methods as described in AOAC (2006). Na, K and 

Ca were estimated using Flame Photometer-410 (Sherwood Scientific Ltd., Cambridge, UK), 

whereas, P, Mg, Zn, Cu, Mn and Fe were determined through Atomic absorption 

spectrophotometer (Varian AA240, Victoria Australia). 

3.12.2. Phytochemical screening   

Oat and barley flour were analyzed for Total Phenolic Content (TPC) (Chen et al., 2006) and 

antioxidant activity (Yu et al., 2002). 

3.12.3. Prebiotics screening  

Oat and barley grains flour were used for the preparation of cereals media. 5% cereals media 

was prepared by mixing 5 g of each flour into 95 mL of distilled water and heated at 80oC for 

10 min. After mixing, cereals media was sterilized at 121oC for 15 min. Cereals media was 

centrifuged at 5000 rpm for 10 min and filtered to get cereals extract (Michida et al., 2006). 

Growth of B. longum BL-05 in the presence of oat and barley extract was carried out at 

different pH i.e. (4, 5, 6, 7) and incubated at 37°C for 24 h. The samples were serially diluted 

and about 0.1 mL of the diluted sample was plated on MRS agar and incubated at 37°C for 48 

h. The growth of B. longum BL-05 in the presence of oat and barley extract at different 

incubation temperature (25°C, 37°C, 4°C) was determined (Revathy et al., 2011). The 
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tolerance of B. longum BL-05 to the simulated gastric and bile salt solution was determined by 

following the method with minor modification as described by Michida et al. (2006). 200 µL 

cell suspension was mixed with 300 µL of 5% cereal extract and finally mixed with 1 mL SGJ 

(pH 2.0) or bile salt solution (2%) (Michida et al., 2006). 

3.12.5. Preparation of synbiotic beverage 

Previously isolated and stored (at -80oC in 30% glycerol) Lactobacillus plantarum was used 

as a co-culture for the fermentation of oat and barley based synbiotic beverage. The culture 

was grown in MRS broth at 37oC for 12 h and sub-cultured three times. The culture was 

centrifuged at 4000 x g for 10 min at 4oC. The pellets were washed with normal saline (0.89%) 

and re-suspended in 10 mL normal saline for further use (Rathore et al., 2012). 

Oat and barley based fermented beverage was prepared by using method as described by 

Rathore et al. (2012) with little modification (Figure 3.1). 6% oat flour and 4.5% barley flour 

was used to developed cereals based beverages. Five cereal based beverages treatments (Figure 

3.2) were developed as presented in Table 3.2.  

 

 

Table 3.2: Treatment plan 

Treatments Oat (%) Barley (%) 

T1 100 - 

T2 75 25 

T3 50 50 

T4 25 75 

T5 - 100 

 

Oat and barley flour was gelatinized, blended, homogenized (5min, 1000 rpm) with a vertical 

mixer and then cooled at 30°C. The media were then filtered using Whatman filter paper (grade 

1) and finally autoclaved (121oC at 15 psi) for 15 min (Coda et al., 2012a). Each cereal 

suspension was inoculated with encapsulated best treatment E4 and 1% (v/v) Lb. plantarum as 

a co-culture to give 1011 CFU/mL. All fermentations were carried out in a 300 mL flask 

incubated at 37oC in a shaker incubator at 150 rpm for 8 h under pH control (4.5-4.9). Sampling 
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was done every 1 h at the beginning of fermentation, which was carried out for 8 h. After 

fermentation the beverage were stored at 4oC for 28 days. 

3.13. Physicochemical analysis 

3.13.1. pH  

pH of beverage samples was determined by digital pH meter (Inolab pH 720, Germany) 

(AOAC, 2006). 

3.13.2. Titratable acidity (TA) 

Titratable acidity (TA) was determined by titrating 10 mL samples with 0.1 N NaOH, and 

using phenolphthalein as indicator (AOAC, 2006). 

3.13.3. Total soluble solids (TSS)  

Total soluble solids were determined by using hand refractometer (AOAC, 2006). TSS 

expressed as °Brix. 

3.13.4. Vitamin C 

Ascorbic acid was determined by following the method as described in in AOAC (2006). 

3.13.5. Viscosity  

Viscosity of beverage samples were measured by using a Brookfield viscometer model RVT 

as described by Gupta et al. (2010). 

3.13.6. Water holding capacity (WHC) 

Water holding capacity (WHC) was measured according to the method described by Remeuf 

et al. (2003). After fermentation and storage, 10 g beverage was centrifuged (5,000 rpm for 

40min at 7 °C). The expelled water was removed and weighed. The percentage of WHC was 

defined according to the equation:  

WHC = (Sample weight - Expelled water) / Sample weight x 100   

3.14. Phytochemical screening test  

Synbiotic beverage samples were analyzed for total phenolic content (Chen et al., 2006) and 

antioxidant activity (Yu et al., 2002).  
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3.15. Determination of sugars and organic acids 

Sugars (glucose, fructose and maltose) were determined by following the method as described 

bt Ellingson et al. (2016). Beverage samples were centrifuged at 4000 rpm for 10 min and 

filtered through 0.45 µm syringe filter. Sample were analyzed on a Dionex ICS-3000 system 

(ICS-3000 AS auto-sampler, ICS-3000 DP dual pump system and ICS-3000 DC detector 

compartment with pulsed amperometric detector).  Samples were held at 4oC before analysis 

and injected at 10 µL. Sugars were separated on a Thermo Fisher CarboPac PA 20 analytical 

column with guard column held at 30oC.  Seperation was achieved at 0.5 mL per minute with 

water and 200 mM sodium hydroxide. 

For determination of organic acids (lactic acid and acetic acid), beverage samples were 

centrifuged at 4000 rpm for 10 min and filtered through 0.45 µm syringe filter. Separation and 

detection was completed on a Dionex ICS-3000 system (ICS-3000 AS auto-sampler, ICS-3000 

DP dual pump system, ICS-3000 DC detector compartment, and PDA-100 photodiode array 

detector).  Samples were stored at 4oC before injection at 10 µL onto a BioRad Aminex HPX-

87H Column (300 x 7.8 mm) and eluted with 8 mM sulfuric acid at a flow rate of 0.6 ml per 

minute over 35 minutes.  The column was held at 30oC and detection was performed at 215 

nm. The method was adapted from the column manufacturer’s instructions. 

3.16. Microbiological analysis  

3.16.1. Total plate count 

Total plate count (TPC) of synbiotic beverage samples were determined by following the 

method as described by Yousef and Carlstrom (2003). 

3.16.2. Probiotic viability and survival  

Viable cells (CFU/mL) of probiotics were enumerated by calculating the CFU on MRS agar 

plates after incubation as described by Bujalance (2006). Tolerance to stimulated gastric juice 

of probiotics in synbiotic beverage was determined by following the protocol of Wang et al. 

(2009). 

3.17. Sensory evaluation 

Sensory characteristics of synbiotic beverage samples were assessed by 15 panelists (6 

females, 9 males, aged between 24 and 40 years) that comprised undergraduate, graduate 
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students and faculty members of National Institute of Food Science and Technology, 

University of Agriculture, Faisalabad. Sensory evaluation was done by using 9-point hedonic 

scale (9=like extremely, 8=like very much, 7=like moderately, 6 =like slightly, 5=neither like 

nor dislike, 4=dislike slightly, 3=dislike moderately, 2=dislike very much and 1=dislike 

extremely) to score color, taste, flavor and overall acceptability of the product (Coda et al., 

2012). The samples were given to the panelists with an evaluation form. They were asked to 

taste one sample at a time and record their responses allowing time between samples so that 

the tasters can record their opinion. The coded samples were served in clean transparent glass 

bottles at room temperature 25oC in individual booths with adequate florescent light. Samples 

presentation was at random and the panelists were given enough water to reins their mouth 

between evaluation of each sample.  

3.18. Statistical analysis 

All the analyses were conducted in triplicate and data collected in current study was analyzed 

statistically through completely randomized design (CRD) using Statistix 8.1. Level of 

significance (p<0.05) was estimated by using the analysis of variance technique (ANOVA) 

with two factor factorial under CRD. The mean was expressed as mean value ± standard 

deviation (SD) (Montgomery, 2008). 
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Figure 3.1: Preparation of synbiotic beverage (Schematic diagram) 

 

 

Oat flour or barley flour 

Gelatinization (95oC for 10 min) 

 

Homogenization and cooling at 30oC 

 

Inoculation of starter culture 

 

Fermentation for 8 h at 37oC 

 

Storage at 4oC for 28 days 

 

Filtration 

 

Autoclave 121oC for 15 min 
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Figure 3.2: Development of cereals based synbiotic beverage  
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CHAPTER 4 

                RESULTS AND DISCUSSION  

In this recent epoch, the concern towards probiotics and prebiotics based functional foods 

increase due to the association between gastrointestinal microbiota and human health. The 

present study was planned to isolate and utilize B. longum in the development of synbiotic 

cereal based fermented beverage. The B. longum was isolated, purified from faecal samples 

and characterized for morphological, physiological and biochemical attributes. The B. longum 

was encapsulated by using whey protein concentrate (WPC) and pectin (PE) as wall materials 

through extrusion method. The cereals based synbiotic beverage was developed by using oat 

and barley with the incorporation of encapsulated B. longum. The beverage was analyzed for 

physicochemical, microbiological and sensory attributes. The results along with discussion of 

different parameters have been conferred herein: 

4.1. Isolation of Bifidobacterium longum 

Bifidobacterium was isolated from faecal samples of healthy mother fed infants. After that, 

samples were serially diluted and inoculated on MRS agar (supplemented with 0.05% L-

cysteine). Colonies appeared after 48 h of incubation. Morphologically distinct colonies were 

selected from MRS agar on the basis of colony morphology i.e. color, size, shape, appearance 

of margin etc. The colonies on MRS agar were circular, white to off white, creamy, shiny, 

regular, smooth, convex, sometime raised or flat and glistening (Table 4.1). The presumptive 

colonies were picked randomly for Gram’s staining. Several isolates from each sample were 

selected based on their colony morphology. Preliminary screening on the basis of their colony 

morphology and Gram’s staining disclosed that the isolates were Gram positive, long or short 

rods, club like branched V or Y shape. Hadadji et al. (2005) revealed that Bifidobacterium 

colonies were punctiform, shiny, glossy, white, cream color, regular with a diameter of 0.1 to 

0.5 mm. The outcomes of present study are in close harmony with the work of Kim et al. (2010) 

they reported bifidobacteria are club shaped, Gram positive, non-motile, non-spore forming, 

anaerobic, irregular rods. Wasilewska and Bielecka (2003) reported that 13 out of 14 strains 

were Bifidobacterium, isolated from breast fed infants. Among them 6 belonged to B. longum 

species and 7 to B. breve species. B. longum and B. breve are the most common species among 

Bifidobacterium genera, harboring the gut of the mother fed infants. Gavini et al. (2001) 
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reported that B. longum and B. adolescentis were the most common bifidobacterial species in 

the adult GIT while B. bifidum, B. infantis, B. longum and B. breve were the major species in 

the mother fed babies. Bifidobacterium are commonly present in mother fed infants (91%) 

while up to 75% in formula fed infants of total microflora (Harmsen et al., 2000). They also 

contribute more than 3% of the total faecal microbiota of adults (Sghir et al., 2000).  

Lactobacillus and Bifidobacterium are common inhabitants of the human GIT, where they play 

important role to maintain gut microbiota balance (Ohashi and Ushida, 2009). Bifidobacterium 

species, recently gained much attention due to potential use in food the industry for their role 

in human health. The most significant part is to improve immune system and in the treatment 

of different infectious diseases of urological and respiratory tract. It may also play vital role in 

the treatments, prevention of allergies and atopic disease in infants and young children (Valdez 

et al., 2016). They are Generally Recognized as Safe (GRAS) that is why different species and 

strains of Lactobacillus and Bifidobacterium are commonly used as probiotics in fermented 

products (Saxelin, 2008). These probiotics strains are selected not only for their health 

promoting mechanism but also due to their GRAS status (Florez et al., 2016). Bifidobacteria 

have been isolated from five different ecological places i.e. intestine, oral cavity, foods, insect 

gut and sewage (Ventura et al., 2007). 

4.1.1. Purification of isolates 

A total of 12 isolates were obtained on MRS agar medium supplemented with 0.05% L-

cysteine (Table 4.1), among which only four (I1, I5, I8, I11) were gram positive rods (Table 4.2). 

The supposed isolates were further selected for purification by sub-culturing on MRS agar 

plates using streak plate method (Table 4.2). I5 and I8 isolates were identified as Bifidobacterium 

on the basis of their colony morphology and Gram’s staining (Table 4.3). After successive sub-

culturing, the colonies appeared on MRS agar were glistening, white to creamy, large to small, 

irregular and convex shaped (Figure 4.1, Figure 4.3). Isolates were found to be Gram +ve, rods 

in chains, V and Y in appearance (Figure 4.2, Figure 4.4).  Bifidobacterium were identified in 

two samples I5 and I8. The Bifidobacterium were Gram positive, rod shaped anaerobes that 

seem to be amongst the most predominant microbiota in the GIT of humans and animals (Wei 

el al., 2008). Bifidobacterium presented various shapes i.e. club shape rods, short curve shape 

rods and bifurcated. Some strains of Bifidobacterium exhibited branching and pleomorphism 

(V, Y and X shape rods) (Prasanna et al., 2014). 
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Table 4.1: Colony and isolates morphological characteristics from faecal samples on MRS agar 

Samples Colony  morphology  I solates  morphology  

I1 Small, off white, regular Gram +ve, short rods and cocci 

I2 Shiny, yellow, circular Gram +ve, cocci in pairs 

I3 Smooth, white, circular Gram +ve, cocci  

I4 White, pinpoint Gram +ve, long and short rods 

I5 Smooth, white, small Gram +ve, V and Y shaped, rods 

I6 Small, white, regular Gram +ve, long rods 

I7 Circular, yellow, smooth Gram +ve, short chain and pairs 

I8 Irregular, white, shiny Gram +ve, short rods, clubbed shape 

I9 White, pinpoint Gram +ve, cocci and short rods 

I10 Circular, creamy, smooth Gram +ve, short chain and pairs 

I11 Regular, white, small, convex Gram +ve, long rods 

I12 Smooth, white, small Gram +ve, cocci 

Gram +ve = Gram Positive 
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Table 4.2: Colony and isolates morphological characteristics on MRS agar 

Samples Colony morphology Isolates morphology 

I1 White, large, irregular Gram +ve, rods and cocci 

I5 White, small, regular, shiny Gram +ve, long rods 

I8 Off white, irregular, convex Gram +ve, short rods, clubbed  

I11 White, small, regular, convex Gram +ve, long rods  

 Gram +ve = Gram Positive 

 

Table 4.3: Colony and isolates morphological characteristics on MRS agar after sub-           

culturing 

Samples Colony morphology Isolates morphology 

I5 White to off white, small, convex, 

regular 

Gram +ve, rods in V or Y shaped 

I8 White, small, regular, convex Gram +ve, club, branched in rod 

shaped 

 Gram +ve = Gram Positive 
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Figure 4.1: I5 colony morphology on MRS agar plate 

 

 

Figure 4.2: I5 isolate morphology (G +ve, rods V/Y shape) 
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Figure 4.3: I8 colony morphology on MRS agar plate 

 

 

Figure 4.4: I8 isolate morphology (G +ve, rods, clubbed shape) 
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 Optical microscopy of B. longum NCC2705 cells demonstrated that cells were rods with 

typical V or Y shape. Cells also appeared in single or in the form of clusters (Reimann et al., 

2010). 

4.2. Characterization of isolates 

4.2.1. Morphological characterization of isolates  

The isolates were Gram positive, short rods in branched (V and Y shape), bifurcated, clubbed 

shape (Table 4.3). The current results are in accord with the findings of Alp and Aslim et al. 

(2010), they explicated that bifidobacteria are anaerobic, Gram-positive, rod-shaped, non-

motile, non-spore forming and colonize in the GIT of adult and infants. In the human gut most 

common Bifidobacterium species includes B. dentium, B. adolescentis, B. angulatum, B. breve, 

B. bifidum, B. catenulatum, B. longum, B. pseudocatenulatum, B. pseudolongum, and B. 

thermophilum (Junick and Blaut, 2012). Strains of these species are vaginally transmitted from 

mothers to infants at the time of birth and human milk contains oligosaccharides that can be 

specifically used by bifidobacteria (i.e. B. breve, B. bifidum and B. longum). In this way, they 

become dominant members of the gut microbiota in breast fed infants. B. longum plays 

important role in human health and longevity (Zivkovic et al., 2011).  

4.2.2. Physiological characterization of isolates 

4.2.2.1 Effect of pH on the growth of isolates 

In vitro, survival of bifidobacteria strains at low pH is important to determine their viability 

during gastric transit. The isolates (I5 and I8) growth was observed at different pH levels 4, 4.5, 

5, 5.5, 6, 6.5, 7, 7.5, 8 and 8.5. The isolates (I5 and I8) exhibited good growth at pH 4-7.5 but 

less growth was observed when pH decreased or increased (Table 4.4). Bifidobacterium are 

acid tolerant microorganisms but not acidophile. Zinedine and Faid (2007) reported acid 

tolerance of 5 strains of B. thermophilum (UL77, UL92, UL95, UL100 and UL101). The strains 

were grow at minimum pH level 4. Shah et al. (2000) observed that bifidobacteria isolates 

from humans were able to grow at pH range 6.5 to 7.  The optimum growth condition for 

bifidobacteria are 37-41°C and at pH 6.5-7, except B. thermacidophilum, which was able to 

grow up to 49.5°C and at pH 4 (Dong et al., 2000). Shah (2007) reported that optimum pH for 

the growth of Bifidobacterium was 6-7, while unable to grow at pH < 4.5-5.0 and > 8.0-8.5. 
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Altieri et al. (2008) reported that B. bifidum were grow at pH 5.0, thus they can be used with 

other starters in different fermented products. However, certain strains of B. lactis and B. 

animalis were grow even at pH 3.5 (Matsumoto and Benno, 2004). The resistance of 

bifidobacteria to low pH is very important to be used in different fermented products with other 

lactic acid producing bacteria. This property can easily be used for incorporating bifidobacteria 

in high acid food products which can also resist acidity of stomach (Zinedine and Faid, 2007).  

4.2.2.2. Effect of temperature on the growth of isolates  

The isolates (I5 and I8) growth was observed at 20oC, 37oC, 40oC and 45oC but couldn’t grow 

at low or elevated temperature (Table 4.5). The optimum growth was found at 37oC and 

minimum growth was found at 20oC, 40oC and 45oC but isolates did not grow at 15oC and 

50oC. The incubation temperature is very much important because it defines the growth of 

Bifidobacterium. Kim et al. (2010) isolated B. stercoris, from human faeces and reported the 

optimum growth for Bifidobacterium at 37oC. According to literature, maximum 

Bifidobacterium strains growth is found at 43-45oC, optimum growth is at 37-41oC and 

minimum growth is found at 25-28oC (Shah, 2007). Bevilacqua et al. (2012) they suggested 

that B. longum subsp. infantis DSMZ 20088 was the best microorganism able to grow at 25°C 

and 30°C. Likewise, Wasilewska et al. (2003) demarcated that different Bifidobacterium 

strains isolated from faeces of breast fed infants in Algeria were able to grow at 25oC, 37oC 

and 40oC. Most of the Bifidobacterium strains originating from humans are able to grow at 36 

to 38°C, whereas animal strains grow at 41 to 43°C (Dong et al., 2000). The temperature also 

affects composition of the cell wall fatty acids, which disturb membrane transport and cellular 

metabolism.  

4.2.2.3. Effect of NaCl concentration on growth of isolates 

Isolates (I5 and I8) growth was observed at 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.5%, 6% and 

6.5% NaCl concentration. The results revealed that isolates growth was found at all NaCl 

concentration but viability decreases as the concentration increased (Table 4.6). The present 

results are in coherence with Bevilacqua et al. (2012) who studied that bifidobacteria as a 

functional starter culture and reported that growth was found at 2%, 4% and 6.5% NaCl 

concentration. They concluded that B. longum subsp. infantis DSMZ 20088 was able to grow 
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at 6.5% NaCl. Similarly, Zinedine and Faid (2007) delineated that the isolated bifidobacteria 

can grow at pH 6.5 due to their halo-tolerance nature.  

4.3. Enzymatic characterization of isolates  

The isolates (I5 and I8) were characterized for catalase using H2O2, oxidase and urease test. The 

isolates produced negative results for catalase, oxidase and urease (Table 4.7). The results of 

current study are in accord with the verdicts of Rahman et al. (2015) who isolated LAB and 

bifidobacteria from chicken faeces and reported that Bifidobacterium were catalase negative. 

Hadadji et al. (2005) also reported negative results for catalase and oxidase test. The isolates 

did not contain ureases enzyme so, they cannot convert urea into ammonium carbonate as a 

result color of the solution remained same and disclosed negative result. Kim et al. (2010) 

documented negative results for catalase, urease and oxidase test for Bifidobacterium isolates 

from human faeces.  

4.4. Biochemical characterization of isolates 

The isolates (I5 and I8) exhibited negative results for starch hydrolysis, citrate utilization, 

gelatin liquefaction, nitrate reduction, H2S production and ammonia production. Isolates (I5 

and I8) disclosed tolerance to 0.2% phenol and moderate tolerance to 0.3% and 0.4% phenol. 

All the isolates exhibited ability to coagulate milk (Table 4.7). Results are in accord with the 

verdict of Zinedine and Faid (2007), they isolated bifidobacteria which were catalase negative, 

Gram positive, anaerobes, negative for indole production and nitrate reduction. Kim et al. 

(2010) isolated Bifidobacterium from human faeces and observed negative results for gelatin 

liquefaction and nitrate reduction. They were Gram positive, strictly anaerobic, rods, non 

spore-forming, catalase and nitrate negative. Bifidobacterium could ferment lactose, glucose, 

galactose and fructose with the production of acetic and lactic acids in an approximate molar 

ratio of 1.5:1, without CO2 production (Wasilewska et al., 2003). 

Hadadji et al. (2005) also reported similar findings that isolates were found to be negative for 

oxidase, catalase and nitrate tests. They were non-sporulating, rods shaped, gelatinase negative,  

strictly anaerobic, with no indol production, tolerate up to 2% bile salt and positive for the 

Fructose-6-phosphate phosphoketolase (F6PPK) test. Rahman et al. (2015) isolated lactic acid 

bacteria and Bifidobacterium from chicken faeces and reported similar results for phenol 

tolerance and milk coagulation test.  
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Table 4.4: Growth behavior of isolates at different pH on MRS agar 

pH  Results 

4.0 + 

4.5 + 

5.0 + 

5.5 + 

6.0 + 

6.5 + 

7.0 + 

7.5 + 

8.0 - 

Symbols: + =Growth, - = No growth  

Table 4.5: Growth behavior of isolates at different temperature on MRS agar 

Temperature (ºC) Results 

15 - 

20 + 

37 + 

40 + 

45 + 

50 - 

Symbols: + =Growth, - = No growth  
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Table 4.6: Growth behavior of isolates at different NaCl concentration on MRS agar 

NaCl concentration (%) Results 

2.0 + 

2.5 + 

3.0 + 

3.5 + 

4.0 + 

4.5 + 

5.0 + 

5.5 + 

6.0 

6.5 

+ 

+ 

  Symbols: + =Growth, - = No growth  
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4.5. Motility test and endospore test 

The isolates (I5 and I8) were characterized for motility and endospore production. Results 

presented that isolates were non-motile and non-spore forming (Table 4.8). Kim et al. (2010) 

also isolated Bifidobacterium from human faeces and supported the current investigation that 

the Bifidobacterium were non-motile and non-spore forming. Biavati and Mattarelli (2001) 

also reported similar results that all bifidobacterial strains are non-motile and non-spore 

forming. 

4.6. Sugar fermentation profile 

Bifidobacteria are saccharolytic organisms that produce acetic and lactic acid without 

producing CO2 (Shah, 2006; Cronin et al., 2011). Fructose-6-phosphate phosphoketolase 

(F6PPK) is the key enzyme for sugar metabolism in Bifidobacterium (Kun et al., 2008). The 

results (Table 4.9) revealed that isolates (I5 and I8) were able to ferment glucose, fructose, 

maltose, lactose, trehaloses, raffinose, arabinose, mannose, melibiose, melizitose, sucrose, 

xylose and ribose as they were found positive for sugar fermentation. Isolates were not able to 

ferment cellobiose, gluctose, inulin, salicine, sorbitole and trehalose. Results presented here 

were well supported by Zinedine and Faid (2007) who isolated 26 bifidobacteria species from 

fecal samples of infants, bovine meat and fermented milk products. The sugar fermentation 

profile exhibited positive results for glucose, fructose, lactose, maltose and trehaloses. 

Similarly, Rahman et al. (2015) reported that bifidobacteria were able to ferment all sugars 

except sorbitol and rhamnose. Results indicated that B. longum were able to ferment arabinose 

but not able to ferment cellobiose and salicin. Hadadji et al. (2005) also established that B. 

longum were not able to ferment arabinose. This property differentiates B. longum from other 

Bifidobacterium species.  

The present results are in consensus with the research exploration of Wasilewska and 

Markiewicz (2003), they characterized bifidobacteria morphologically and biochemically. The 

study revealed sugar fermentation profile for a wide range of bifidobacterial species originated 

 from different sources. Bifidobacteria have the ability to metabolize even complex 

carbohydrates including plant derived oligosaccharides and polysaccharides. Simple sugars are  

rare in the colon, because these are first metabolized by saccharolytic species that inhabit in  
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Table 4.7: Enzymatic and biochemical tests of isolates 

Test  Results 

Catalase 

Oxidase 

- 

- 

Urease - 

Starch hydrolysis - 

Citrate utilization - 

Gelatin liquefication - 

Milk coagulation + 

Nitrate reduction - 

H2S Production - 

Ammonia production - 

Phenol Tolerance + 

  Symbols: + = Positive reaction, - = Negative reaction  

Table 4.8: Motility and endospore test of isolates 

Test  Results 

Motility test 

Endospore test 

Non-motile 

Non-spore forming 
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Table 4.9: Fermentation profile of carbohydrates by tested isolates  

Test  Results 

Arabinose 

Cellobiose 

+ 

- 

Fructose + 

Glactose - 

Glucose + 

Maltose + 

Lactose + 

Mannose + 

Inulin - 

Melibiose + 

Melizitose 

Ribose 

+ 

+ 

Raffinose + 

Sorbitol - 

Sucrose + 

Xylose + 

Trehalose - 

Salicine - 

Mannitol + 

  Symbols: + = Positive reaction, - = Negative reaction  

 

 



 

69 
 

large intestine and absorbed in the small intestine. Carbohydrates play important role in 

bacterial growth (Pokusaeva et al., 2011). Viability and metabolic activities of probiotic (LAB 

and bifidobacteria) can be selectively stimulate by several dietary carbohydrates, which are 

called ‘‘prebiotics’’ (Ventura et al., 2007; Gibson 2008). 

Oligosaccharides are complex carbohydrate which is used as bifidogenic factors to stimulate 

activity of bifidobacteria. These complex carbohydrates are selectively fermented by 

Bifidobacterium strains. Oligosaccharides with bifidogenic activity consist of raffinose, trans-

galactosyl oligosaccharides, lactulose, fructo-oligosaccharides, isomalto oligosaccharides and 

soybean oligosaccharides (Roy, 2001). Bifidobacterium utilizes a number of carbohydrate as 

source of carbon for their growth and activity. Many compounds i.e. lactose, glucose, 

galactose, sucrose and fructose are utilized by all bifidobacterial species. Eight bifidobacteria 

species were documented for their capability to grow on wide range of monosaccharides i.e. 

glucose, xylose, arabinose, galactose and mannose. Whereas, mannitol and sorbitol are 

fermented by a few bifidobacterial species (Kim et al., 2003).   

4.7. Molecular identification of isolate 

 2 strains of Bifidobacterium (I5 and I8) were isolated from 12 infant faecal samples. On the 

basis of morphological, physiological, enzymatic, biochemical and sugar fermentation profile 

I5 was selected for gene sequencing. The universal 16S rRNA primers were used to amplify 

the PCR products from selected strains. Purified PCR products were sequenced and compared 

with the information in the NCBI database. The BLAST result disclosed that the isolated 

bacteria (I5) as B. longum which displayed a similarity index (100%) to other B. longum strains. 

It was named as B. longum BL-05 and evaluated for probiotic potential. 

4.8. Probiotic screening of B. longum BL-05 

4.8.1. pH tolerance 

pH is an important parameter which affects the growth and viability of probiotics during gastric 

transit. Probiotics should survive in the gastrointestinal conditions and reach alive in the small 

intestine, where they colonize and impart positive health benefits to the host. Probiotics are 

sensitive to low acidic pH and various strains display different sensitivity level. Generally, 

probiotics are sensitive to pH below 3.0. Therefore, acid tolerance is one of the important 

criteria in the selection of potentially probiotic strains. It is explicated from the mean squares 
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(Table 4.10) that viability of B. longum BL-05 differed significantly (p<0.05) with respect to pH 

and incubation time as well as for their interaction. 

The viability of B. longum BL-05 was studied at different pH level 1.5, 2, 2.5, 3, 3.5 and 

samples were withdrawn after 0, 30, 60, 90 and 120 min intervals. Means regarding viability 

of B. longum BL-05 (Table 4.11) indicated that viable cells count ranged from 3.1±0.13 to 

9.89±0.43 log CFU/mL at different pH and incubation time. pH revealed a significant impact 

on viability exhibiting a decreasing trend. Maximum viable cells count was observed at pH 

3.5, least were recorded at pH 2 while no growth was established at pH 1.5. There was a 

significant decrease in viability of B. longum BL-05 as a function of incubation time. 

Maximum viability was observed after 30 min of incubation time while least was recorded 

after 120 min of incubation. pH and incubation time interactively produced significant results. 

It was obvious that viability varied significantly (p<0.05) as the pH decreased and incubation 

time increased. Maximum viability was documented at pH 3.5 after 30 min of incubation time 

while the minimum was observed at pH 2 after 120 min of incubation time.  

Sensitivity of Bifidobacterium strains to low pH is very much important criteria for the 

selection of probiotics. The outcomes of current research are closely associated with the 

verdicts of Izquierdo and co-woker (2008), they investigated the probiotic potential of different 

B. longum strains at low pH. No growth was found at pH 1.5, while B. longum strains were 

sensitive up to pH 3 and presented less viability. All B. longum strains exhibited reduction up 

to 30% as exposed to low pH. Likewise, Sanchez et al. (2007) reported that B. longum biotype 

longum 8809 exhibited significantly high survival rate than the wild type (WT) in GIT after 90 

to 120 min of incubation. The viable count of WT decreased from 8.85 to 3.83 log CFU/mL 

as incubation time increased from 90 to 120 min. While B. longum biotype longum 8809 did 

not show any significant decrease in viability (8.98 to 8.78 log CFU/mL) as incubation time 

increased. In another study, Jia et al. (2010) delineated that strains of B. bifidum, B. longum 

and B. longum subsp. infantis survived well in gastric conditions at pH 3 after 5 h of incubation. 

Results exhibited that these strains are pretty resistant to acidic environment. Before reaching 

the GIT, probiotics must tolerate the low pH of stomach. As the acidity of stomach varies from 

person to person, either naturally or due to several factors specially intake of food. To consider  
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Table 4.10: Mean squares for viable count of B. longum BL-05 at different pH and bile salts 

concentration  

SOV df pH  Bile salts concentration 

Treatments (A) 4 69.05** 4.20** 

Incubation time (B) 4 93.20** 4.82** 

A x B 16 6.65** 0.64NS 

Error 50 0.09 0.52 

Total 74   

  ** = Highly significant (p < 0.01) 

  NS = Non-Significant (p > 0.05) 

Table 4.11: Means for viable count (log CFU/mL) of B. longum BL-05 at different pH during 

incubation 

pH 
Incubation time (min) 

Means 

0 30 60 90 120 

pH 1.5 9.65±0.39a ND ND ND ND 1.93±4.31e 

pH 2.0 9.78±0.45a 6.71±0.27fgh 4.45±0.18j 3.6±0.15jk 3.1±0.13k 5.52±2.75d 

pH 2.5 9.89±0.43a 7.49±0.34def 6.76±0.29fgh 5.98±0.29hi 5.51±0.27i 7.12±1.71c 

pH 3.0 9.72±0.47a 7.96±0.35cd 7.41±0.30def 6.89±0.30e-h 6.37±0.28ghi 7.67±1.28b 

pH 3.5 9.45±0.40ab 8.65±0.42bc 7.78±0.31cde 7.21±0.35d-g 6.94±0.34e-h 8.00±1.03a 

Means 9.69±0.16a 6.16±3.51b 5.28±3.22c 4.73±3.00d 4.38±2.85e  

  Values are expressed as mean + SD (n=3) 

  Different superscripts within the same column or row indicate that the means differ significantly (p < 0.05) 

  ND=Not detected 
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a microorganism as a probiotic, it should survive the harsh condition in GIT. In vitro, resistance 

to low pH is the preliminary test for the selection of probiotics (FAO/WHO, 2000). Resistant 

to low pH is one of the most important property of probiotics to be used in different fermented 

products (Maus and Ingham, 2003). B. longum strains showed high degree of viability in GIT 

as compared to other species belonging to the same genera (Izquierdo et al., 2008). Probiotics 

specially LAB produces considerable amount of lactic acid, which along with bile salt inhibit 

the proliferation of pathogenic bacteria (Grosu-Tudor and Zamfir, 2012). 

4.8.2. Bile salts tolerance 

Bile salts are the constituent of bile and fluid that secrete from gallbladder during the time of 

lipids digestion. The bile salts help the bile to mix or emulsify with lipids in intestinal aqueous 

solution. It is illustrated from the mean squares (Table 4.10) that the viability of B. longum BL-

05 differed significantly (p<0.05) with respect to bile salts concentration and incubation time. 

However, their interaction presented non-significant results.  

The viability of B. longum BL-05 was studied at different 0.5, 1, 1.5, 2 and 2.5% bile salts 

concentration and samples were withdrawn after 0, 30, 60, 90 and 120 min intervals. The 

results given in (Table 4.12) indicated that viability of B. longum BL-05 ranged from 5.54±0.52 

to 8.94±0.80 log CFU/mL with respect to bile salts concentration and incubation time. It is 

obvious that viability varied significantly as the bile salts concentration increased. Maximum 

viable cells count were found at 0.5% bile salts concentration while the least were observed at 

2.5% bile salts concentration. The incubation time exhibited a significant effect on viability 

showing a decreasing trend as incubation time progressed. Maximum viability was observed 

after 30 min of incubation time and minimum was recorded after 120 min of incubation time.  

Izquierdo et al. (2008) studied the probiotic potential of different B. longum strains (mutant 

and wild type) at different bile salts concentration (0.5%, 1%, 2% and 3%) and expounded that 

viability of B. longum decreased as bile salts concentration increased. Mutant B. longum strain 

presented significantly high survival rate than the wild type (WT). Mutant strains indicated 

viability at 0.5 to 3% bile salts concentration while the wild type were not able to grow at such 

a high concentration of bile salts. Haros et al. (2009) investigated tolerance to B. 

pseudocatenulatum at 0.5 to 2% bile salts and reported that Bifidobacterium strain indicated 

tolerance to bile salts even after 4 h of incubation. Chui et al. (2014) reported that all the strains 

had ability to survive and pass through human GIT. The strains could survive after 4 h of 
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exposure in acid and bile salts conditions. There was a quick decline in the viable count of B. 

adolescentis and B. adolescentis after 8 h of exposure in bile salts however other strains 

revealed > 2 log CFU/mL reduction in the viable cell count. Ren et al. (2014) demarcated 

similar results for bile salts tolerance at concentration 0.3% - 0.5%. Even most of the probiotic 

strains had a momentous resistance to 1% bile salts, which was approximately three times the 

bile concentration in human intestine. Haghshenas et al. (2014) observed tolerance to bile salts 

but survival decreased as a function of incubation time.  

Tolerance to bile salts is an important requirement for probiotic to provide certain health 

benefits i.e. colonization, metabolic activity, balancing the microflora in the small intestine 

and to work effectively in the gut's defense system (Succi et al., 2005; Tambekar and Bhutada, 

2010). The bile salts concentration in human intestine ranges from 0.3 to 0.5% (Ren et al., 

2014). In the small intestine, bile salts are the most serious hurdle in the survival of probiotics. 

The probiotic should survive and with stand the harsh conditions of GIT (gastric juices and 

bile salts) to exert their potential health benefits. The tolerance to low pH and bile salts is the 

basic and important criteria in the selection of potential probiotics (Liu et al., 2011). According 

to probiotics requirement as reported by FAO/WHO, in vitro test for tolerate to acidic and bile 

salts are mandatory. Additionally, acidifying properties, antibiotic resistance, production of 

EPS and antimicrobial compounds should also kept in consideration while screening a 

probiotic.  

4.8.3. Temperature sensitivity 

The temperature is an important factor which can dramatically affect the bacterial growth and 

survival rate. In present study, B. longum BL-05 was able to survive at 20, 25, 30, 37, 40 and 

45oC but no growth was found at 15 and above 50oC. Viable cells count at 20, 25, 30, 37, 40 

and 45oC were 5.91±0.24, 6.32±0.29, 7.21±0.31, 8.78±0.43, 7.56±0.32, 6.14±0.25 CFU/mL 

respectively (Table 4.13). Results delineated that B. longum BL-05 indicated optimum growth 

at 37oC followed by 30 and 40°C with significantly less, but similar growth at 25°C and 45°C. 

Hsu et al. (2007) explored the effect of pH, temperature, agitation speed on the production of 

β-galactosidase and reported that B. longum CCRC 15708 displayed maximum growth at 37°C 

followed by 32°C while minimum at 42°C and 27°C. 
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Table 4.12: Mean for viable cell count (log CFU/mL) of B. longum BL-05 at different bile salts 

concentrations during incubation 

Bile 

salts 

(%) 

Incubation time (min) 

Means 
0 30 60 90 120 

0.5 8.84±0.80 8.75±0.78 8.64±0.73 8.51±0.83 8.25±73 8.60±0.23a 

1.0 8.24±0.78 8.15±0.72 7.99±0.74 7.91±0.74 7.84±0.75 8.03±0.16ab 

1.5 8.75±0.86 8.69±0.74 8.32±0.72 7.84±0.73 7.77±0.72 8.27±0.45ab 

2.0 8.94±0.80 7.80±0.61 7.48±0.72 7.12±0.63 6.70±0.64 7.61±0.85bc 

2.5 8.87±0.81 7.64±0.66 7.32±0.67 6.94±0.59 5.54±0.52 7.26±1.20c 

Means 8.73±0.28a 8.21±0.50ab 7.96±0.55bc 7.66±0.63bc 7.22±1.10c  

  Values are expressed as mean + SD (n=3) 

 

 

Table 4.13: Growth behavior of B. longum BL-05 at different temperature 

Temperature (ºC) Viable cells count (CFU/mL) 

20 5.91±0.24 

 25 6.32±0.29 

30 7.21±0.31 

37 8.78±0.43 

40 7.56±0.32 

45 6.14±0.25 

  Values are expressed as mean + SD (n=3) 
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Garro et al. (2004) delineated that the growth of B. longum was slow at 30 and 40oC instead 

of optimum temperature 37oC. Meena et al. (2011) reported maximum (40oC), minimum 

(30oC) and optimum temperature (37.4oC) for the growth of Bifidobacterium. In another study, 

Kiviharju et al. (2005) reported maximum growth of B. longum at 40°C.  

Chakraborty and Bhowal (2014) isolated LAB from different dairy products and identified 

their probiotic potential. They selected temperature range from (15 to 50oC) to investigate the 

survival of LAB and found that probiotics were able to grow at 30 to 50oC and optimum growth 

was found at 37°C. The reason for selecting that temperature range to investigate whether the 

isolates were able to grow at normal body temperature or not. Because if isolates were unable 

to survive at selected temperature range they could not survive in the human GIT as well. 

Temperature is important factor in the selection of probiotics, it not only affects the viability 

but also contributes towards organic acid production and utilization of carbohydrates in the 

medium. As, 37oC is the optimum temperature which improves the performance and growth 

of B. longum (Ram and Chander; 2003; Garro et al., 2004).  

4.8.4. Lactose utilization 

Lactose intolerance is one of the most common dietary problem in infants. Lactose intolerance 

people are unable to digest lactose in milk and milk products. Lactose intolerance people lack 

lactase that breaks down lactose into glucose and galactose. B. longum BL-05 was tested for 

their ability to metabolize lactose. The results presented in (Table 4.14) revealed that B. longum 

BL-05 metabolized lactose with maximum biomass accumulation (9.81±0.40 CFU/mL) as 

compared to glucose (7.45±0.34 CFU/mL) after 24 h of incubation at 37oC.  

The results of present study are in accordance with the outcomes of Pelinescu et al. (2011), 

they reported that probiotics (Lactococcus lactis spp. lactis CMGB 31 and CMGB 32) grew 

better on MRS supplemented with lactose instead of glucose with maximum cell count (9x108 

CFU/mL). Comparable results were interpreted by Parche et al. (2006), they grow B. longum 

NCC2705 on MRS agar supplemented with glucose and lactose. Results revealed that 

utilization of glucose was limited in the presence of lactose. B. longum preferred lactose as a 

primary carbohydrate source as compared to glucose. When lactose completely depleted then 

they utilized glucose as a secondary carbon source. Preference of substrate and carbon 

catabolism mechanism depends upon niche specific adaptation of bifidobacterial strains. 

Different studies have shown the preference of Bifidobacterium species for disaccharides or 
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oligosaccharides over monosaccharides (Amaretti et al., 2006; Parche et al., 2006; Gilad et al 

2010). Similarly, B. adolescentis (Amaretti et al., 2006, 2007) and B. longum NCC2705 prefer 

utilizing lactose rather than glucose when grown in the presence of both sugars (Parche et al., 

2006). 

Lactose intolerance people lack enzyme β-galactosidase, so they cannot metabolize lactose. 

When they consume milk or milk products, symptoms may include abdominal pain, cramps, 

bloating, nausea and diarrhea. Lactose when passes through small intestine, it is converted into 

gas and acid by the action of gut microflora. The presence of breath hydrogen is also indicator 

of lactose mal-digestion. Incorporation of starter culture in dairy products helps lactose 

intolerance people to digest lactose (Pundir et al., 2013). β-galactosidases enzyme represents 

the common as well as most studied group of Bifidobacterium glycosyl hydrolases with 

transglycosylic activity that can also be used for prebiotic synthesis from lactose (Pokusaeva 

et al., 2011). This is the essential enzymatic activity for Bifidobacterium, as it permits them to 

grow in dairy products i.e. lactose, lactose derived galacto-oligosaccharides that contain β-

galactosidic linkages (Rabiu et al., 2001).  

4.8.5. NaCl tolerance 

Bifidobacterium can survive at a wide range of NaCl concentration. As revealed from (Table 

4.15) that B. longum BL-05 was able to grow at 2-6% NaCl concentration, moderate growth 

was found at 7-9% NaCl concentration but no growth was observed at 10% NaCl 

concentration. The current outcomes are also in accord with the results of Collado and Sanz 

(2007), they investigated six acid sensitive strain of B. longum and B. catenulatum for tolerance 

to NaCl. Result revealed that strains were grow at 6-10% NaCl concentration. Earlier, 

Bevilacqua et al. (2012), reported that five strains of Bifidobacterium i.e. B. animalis subsp. 

lactis, B. bifidum, B. breve, B. animalis subsp. animalis and B. longum subsp. infantis were 

grow in the presence of NaCl and could be used as a potential starter culture. Later, 

Chakraborty and Bhowal (2015) reported that probiotics exhibited good growth at 2-8% NaCl 

concentration while no growth was found at 9% NaCl concentration.  

Present verdicts are in confirmatory with the outcomes of Rahman et al. (2015), they explicated 

that Bifidobacterium displayed maximum growth at 1-7% NaCl concentration, growth was 

moderate at 8-9% NaCl concentration while no growth was found at 10% NaCl concentration. 

According to guidelines provided by FAO/WHO (2002), tolerance to NaCl is one of the basic 
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criteria in probiotics selection and screening. Probiotics should tolerate high concentration of 

NaCl, this property is very much important in the development of new probiotics product. NaCl 

is considered inhibitory substance which may limit the growth of pathogens. So, NaCl 

tolerance is very important parameter while selecting a probiotic (Abdulla et al., 2013). If the 

probiotics are sensitive to NaCl then it would not survive or grow in the presence of NaCl, as 

a result viability decreases. So, in vitro it is mandatory to test the tolerance of probiotic before 

its use in high NaCl containing products (Pundir et al., 2013). 

4.8.6. Antibiotic susceptibility 

One of the important point to be kept in consideration while selecting a probiotic is that they 

should not take antibiotic resistant genes. The antibiotic susceptibility of the isolated B. longum 

BL-05 was documented by using different antibiotic agents (Figure 4.5). Results concerning 

the sensitivity of the B. longum BL-05 to different antibiotics are presented in Table 4.16 which 

revealed that B. longum BL-05 was susceptible to ampicillin, cephalothin, penicillin, 

erythromycin, novobiocin, vancomycin, spectinomycin, chloramphenicol, rifampicin, 

tetracycline while resistant to gentamicin, kanamycin, neomycin, streptomycin, fusidic acid, 

nalidixic acid, polymyxin B and cloxacillin.  

The instant outcomes are concord with the verdicts of Zhou et al. (2005), they recorded 

antimicrobial susceptibilities of four LAB i.e. Lb. rhamnosus HN001 (DR20k) HN067, Lb. 

acidophilus HN017 and B. lactis HN019 (DR10k). The results revealed that 10 B. lactis strains 

were susceptible to erythromycin, novobiocin, rifampicin, tetracycline, spectinomycin, h-

lactam, chloramphenicol, penicillin, cephalothin and ampicillin. The strains exhibited 

resistance towards nalidixic acid, fusidic acid, polymyxin B, aminoglycosides, neomycin, 

streptomycin, gentamicin and kanamycin. Similarly, Temmerman et al. (2003) isolated B. 

longum from different product and evaluated antibiotic susceptibility of isolates. The results 

delineated that B. longum was resistant to kanamycin and susceptible to erythromycin, 

tetracycline, chloramphenicol, penicillin and vancomycin. In another study, Vijayakumar et 

al. (2015) documented that isolated Lb. plantarum KCC-24 strain was susceptible to 

nitrofurantoin, chloramphenicol, ampicillin, tetracycline, cefalexin, cefuroxime dicloxacillin 

and resistant to colistin methane sulphonate, co-trimoxazole, cefoxitin, kanamycin, 

sulphafurazole, amikacin and gentamicin. 

 



 

78 
 

Table 4.14: Growth behavior of B. longum BL-05 in the presence of lactose and glucose 

Carbohydrate type Viable cells count (CFU/mL) 

Lactose  9.81±0.40 

Glucose  7.45±0.34 

   Values are expressed as mean + SD (n=3) 

 

  Table 4.15: Growth behavior of B. longum BL-05 at different NaCl concentration 

  NaCl concentration (%) Results 

  2 ++ 

  3 ++ 

  4 ++ 

  5 ++ 

  6 + 

  7 + 

  8 + 

  9 + 

  10 - 

   Symbols: ++ =Good growth, + =Moderate growth, - = No growth  
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Table 4.16: Antibiotic susceptibility of isolated B. longum BL-05  

Name of antibiotics Disc potency (µg) Resistant/Susceptible 

Ampicillin 10 R 

Cephalothin 15 R 

Chloramphenicol 50 R 

Cloxacillin 20 S 

Erythromycin 10 R 

Fusidic acid 10 S 

Gentamicin 10 S 

Kanamycin 30 S 

Nalidixic acid  20 S 

Neomycin 20 S 

Novobiocin 30 R 

Penicillin 10 R 

Polymyxin B 20 S 

Rifampicin 20 R 

Spectinomycin 10 R 

Streptomycin 25 S 

Tetracycline 30 R 

Vancomycin 30 R 

  R-Resistant 

  S-Susceptible 
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Resistance of probiotics to antibiotics is one of the challenging public health concern in the 

consumption of probiotics. It is utmost important to limit the spread of resistant genes 

(transmissible resistance) because these are transferable to pathogenic and adaptive bacteria 

(Blazquez et al., 2002). Transfer of antibiotic resistant genes from probiotics to pathogenic 

bacteria is major health and safety issue worldwide (Ren et al., 2014). It is one of the important 

criteria in the screening and selection of probiotics that it should not transfer antibiotic resistant 

genes to pathogenic bacteria. Any strain that possess antibiotic resistant or transferable plasmid 

should not be used as a probiotic for human and animal consumption. If ingested probiotics 

possess resistant gene that would be a source of transfer of that gene to the bacteria in the 

human gut. In this way, probiotics give birth to antibiotic resistant pathogens (Saarela et al., 

2000). In this perspective, B. longum can be consumed safely after antibiotic therapy for 

maintaining the balance of gut microflora (Haghshenas et al., 2014). 

This approach limits the spread of antibiotic resistant genes in the food chain (Delgado et al., 

2005). A continuous attention should be given while selecting a probiotic strain which should 

be free from transferable antibiotic resistance genes. Now a days, consumers are more aware 

of health and nutritional aspects of food. It is one of the important challenge to provide safe, 

nutritious and healthy food to the consumer. So, probiotic food products should be safe and 

well documented in such a way to provide health boosting effect and all the benefits of 

probiotics (Temmerman et al., 2003). 

4.8.7. Proteolytic activity 

Proteolysis is one of the essential biochemical process in the development of dairy based 

products specially cheese. It is the process involved in the breakdown of proteins in peptides 

and amino acids by the action of protease. It is important feature of probiotics to produce 

extracellular proteases. This enzyme hydrolyzes milk proteins and provides essential amino 

acids for the growth of probiotics. As a result, changes occurs in the taste, texture, aroma and 

nutritional profile of fermented products. In the current study, B. longum BL-05 was analyzed 

for its proteolytic activity to consider it as a functional starter in dairy based products. The B. 

longum BL-05 was grown in skim milk agar plates and incubated at 37oC for 48 h. The results 

illustrated that B. longum BL-05 had good proteolytic activity and produced clear zone (Figure 

4.6).  
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Current results are in concord with research investigations of Donkor et al. (2007), they 

delineated that Lb. delbrueckii spp. Bulgaricus Lb 1466, S. thermophiles St 1342, B. lactis 

B94, Lb. casei L26, Lb. casei Lc 279, Lb. acidophilus La 4962, Lb. acidophilus L10 and B. 

longum Bl 536 were able to grow and hydrolyze milk proteins. Ong et al. (2007) expounded 

that probiotics i.e. Lb. casei, Lb. paracasei. Lb. acidophilus and Bifidobacterium spp. affect 

proteolytic activity and produce organic acids during development of cheddar cheese. 

Likewise, Bergamini et al. (2009) explicated the utilization of Lb. paracasei, Lb. acidophilus 

and B. lactis in semi hard cheese due to their proteolytic activity. Moreover, Nielsen et al. 

(2001) reported that B. lactis B94 displayed significantly high (p<0.05) proteolytic activity in 

soymilk and produced free amino acids after 24 to 48 h of fermentation. Proteolytic activity in 

soymilk is highly strain specific and increases as the fermentation time increases. The 

production of amino acids and peptides were used by microorganisms for their growth and 

survival. In contrast to present outcome, Ong et al. (2007) illustrated that Bifidobacterium spp. 

was less proteolytic as compare to LAB but it exhibited proteolytic activity as compare to 

control. When primary products of proteolysis were available, it was rapidly hydrolyzed by 

Bifidobacterium spp. to further produce peptides and amino acids. 

In the development of dairy products specially cheese, proteolytic system is very important. 

As cheese is one of the most frequently use dairy product and it is a promising vehicle in the 

effective delivery of probiotics. Milk is low in free amino acid and peptides. Probiotics depends 

on proteolytic system of milk for their growth and activity. During fermentation of milk, 

protein is metabolized by proteolytic enzymes (proteinases, peptidases) into free amino groups 

and peptides (Vijayakumar et al., 2015). LAB and Bifidobacterium are most frequently used 

probiotics in the development of fermented dairy products. They proteolytic enzymes i.e. 

peptidases, proteinases and aminopeptidases at intracellular and extracellular level which 

affect the proteolytic system (Ong et al., 2006; Bergamini et al., 2009). Proteolysis strongly 

influences the bacterial growth in dairy system and it is important to achieve minimum 

recommended level 106 to 107 CFU/mL of probiotics to provide positive health benefits 

(Talwalkar and Kailasapathy, 2004).  
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Figure 4.5: Antibiotic susceptibility  

 

 

 

 

Figure 4.6: Proteolytic activity  
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Yet, there is need to study this aspect in more detail to explore probiotics utilization in dairy 

products to improve consumer acceptability. In this concern, the incorporation of dairy based 

isolated probiotics have been suggested to increase the ripening and sensory characteristics of 

cheese (Hynes et al., 2003; Di Cagno et al., 2006). Proteolytic activity of probiotics would be 

an extra edge in the selection of probiotics beside its health benefits. Studies related to the 

impact of technological approaches, i.e. immobilizations of probiotics or incorporation of 

protein hydrolysate is a good strategy to improve probiotics viability during cheese preparation 

(Bergamini et al., 2009). 

4.8.8. Tolerance to simulated gastric juice (SGJ) 

Survival of probiotics in gastrointestinal conditions is one of the important screening parameter 

to be consider a microorganism as probiotics. The probiotics should colonize and survive in 

the GIT to provide functional and health boosting benefits (Zhang et al., 2014). It is explicated 

from the mean squares (Table 4.17) that tolerance to gastric juice differed significantly 

(p<0.05) with respect to pH and incubation time as well as their interaction. 

The viability of B. longum BL-05 was studied in the presence of gastric juice at pH 2, 2.5 and 

samples were withdrawn after 0, 1, 2 and 3 h. Means regarding viability of B. longum BL-05 

(Table 4.18) indicated that viable cells count were ranged from 4.96±0.20 to 8.74±0.35 log 

CFU/mL at different pH and incubation time. pH revealed a significant impact on viability 

exhibiting a decreasing trend. Maximum viable cell count was observed at pH 2.5 while least 

were recorded at pH 2. There was a significant decrease in viability of B. longum BL-05 as a 

function of incubation time. Maximum viability was observed after 1 h of incubation time 

while least was recorded after 3 h of incubation. pH and incubation time interactively produced 

significant results. It was obvious that viability varied significantly (p<0.05) as the pH 

decreased and incubation time increased. Maximum viability was documented at pH 2.5 after 

1 h of incubation time while the minimum was observed at pH 2 after 3 h of incubation time.  

Vijayakumar et al. (2015) isolated Lb. plantarum KCC-24 and evaluated its probiotic potential. 

They explicated that Lb. plantarum KCC-24 indicated good survival to gastric juice at pH 2 

and 3 after 3 h of incubation. Similarly, Ren et al. (2104) demarcated that all the isolated strains 

of LAB exhibited excellent resistant at pH 2 and viable cell count was > 108 CFU/mL after 3 

h of incubation.  
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Table 4.17: Mean squares for B. longum BL-05 tolerance to gastric juice at different pH 

 SOV df Viable cells count 

Treatments (A) 3 13.0357** 

Incubation time (B) 1 2.3064** 

A x B 3 0.4827** 

Error 16 0.0900 

Total 23  

  ** = Highly significant (p < 0.01) 

 

 

Table 4.18: Means for B. longum BL-05 tolerance to gastric juice at different pH 

Treatments Incubation time (h) Means 

 0 1 2 3  

pH 2.0 8.74±0.35a 6.27±0.27c 5.45±0.23cd 4.96±0.20d 6.35±1.67b 

pH 2.5 8.57±0.39a 7.45±0.36b 6.21±0.25c 5.67±0.26cd 6.97±1.29a 

Means 8.65±0.12a 6.86±0.83b 5.83±0.53c 5.31±0.50d  

  Values are expressed as mean + SD (n=3) 

  Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 
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Likewise, Vinderola and Reinheimer (2003) stated that LAB and Bifidobacterium could 

survive well in gastric transit but the capacity to survive in GIT varies from strain to strain with 

in the same species. Another author, Muganga et al. (2015) also expounded that there was a 

decreased in the viability of tested strain after 3 h of incubation in gastric juice at pH 2.5. The 

decreased in the viability and survival is due to the presence of pepsin enzyme and low gastric 

juice pH (Casarotti and Penna, 2015). The probiotics should with stand harsh gastrointestinal 

conditions (gastric juice and bile salt) to exert positive health benefits to the humans. Gastric 

juice and bile salts resistant is considering one of the prime criteria in the selection of 

probiotics. LAB can easily survive in high acid foods with minimal cell reduction (Liu et al., 

2011). Bifidobacterium species isolated from human origin are more sensitive to acidic or 

gastric conditions of GIT as compare to animal sources (Sanz, 2007). Instead of this sensitivity, 

bifidobacteria are capable of exerting health benefit even after exposure to acidic conditions 

or if present in very less number (Jia et al., 2010). 

4.8.9. Production of exopolysaccharides (EPS) 

Microorganisms produce various biopolymers by utilizing complex to simple substrates. These 

biopolymers are called exopolysaccharides, which have different chemical properties and 

molecular weight. These exopolysaccharides may be homopolysaccharides or 

heteropolysaccharides. The results presented in (Table 4.19) illustrated that B. longum BL-05 

produced high yield of EPS (129+5.2 mg/L). 

Current results for production of EPS by B. longum are in consensus with the verdicts of Audy 

et al. (2010), they probed the effect of different sugars (glucose, lactose, galactose and fructose) 

on EPS production. The results depicted that B. longum was able to produce EPS and grow 

better in the presence of sugar. The production of EPS increased as the amount of carbon source 

(sugar) increased in the medium. Maximum amount of EPS produced in the presence of lactose 

(1080±120 mg/L) followed by glucose, galactose and fructose (616±93, 564±165, 512±63 

mg/L) respectively after 24 h of fermentation with no pH control. Similarly, Salazar et al. 

(2008) isolated eleven EPS producing Bifidbacterium strains and evaluated their bifidogenic 

effect as a potential fermentable substrate for the growth of gut microflora. They also 

investigated that the production of short chain fatty acid (SCFA) was more in case of EPS, 

inulin and glucose samples as compare to control. Prasanna et al. (2012) screened various 

Bifidobacterium strains and reported that Bifidobacterium strains were able to propagate in low 
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fat milk. They also isolated, purified, characterized EPS and reported that Bifidobacterium 

contributes towards the texture, viscosity of fermented milk due to high production of EPS. 

Among all the Bifidobacterium strains, B. longum subsp. infantis CCUG 52486 was the highest 

EPS producing strain and yielded 138 mg/L of EPS. Another group of researchers Audy et al. 

(2010) they recorded that B. longum subsp. longum strain produced highest yield (616 mg/L) 

when supplemented with glucose. Among Bifidobacterium strains, B. logum is the most 

frequently cited probiotics due to comparatively high yield of EPS being produced. Moreover, 

Alp and Aslim (2010) isolated Bifidobacterium spp. from breast milk and feces samples, they 

expounded that pH and bile salt effect the production of EPS in the colon. Similarly, Ren et al. 

(2014) investigated acid and bile salt tolerance of different EPS producing strains and revealed 

that the highest EPS producing strains were LGG (287 mg/L), CICC 23174 (282 mg/L) 

followed by CGMCC 1.557 (259 mg/L) and CGMCC 1.2625 (259 mg/L) also exhibited good 

acid and bile salt tolerance. However, the low EPS producing strains CICC 20296 (63 mg/L) 

and CICC 6233 (52 mg/L) also tolerated well acidic and bile salts conditions. The amount of 

EPS produced by probiotics significantly affected in the presence of acidity and bile salt. 

Additionally, LGG, CICC, CGMCC 1.557 and CGMCC EPS producing strain could be used 

in fermented products.  

Probiotics secrete EPS extracellularly as a microbial polysaccharide on the surface of 

probiotics which are involved in the cell attachment. Theses polysaccharides play important 

role in the fermentation and physiologic activity of the host. (Kang et al., 2011). EPS producing 

probiotics are important for their functionality in the biological system (Chabot et al., 2001; 

Vinderola et al., 2006). EPS play important role in the protection, colonization and act as 

intermediaries to establish association between bacteria and host (Hidalgo-Cantabrana et al., 

2016). Capsular structure of EPS plays important role in the protection of probiotics from harsh 

environmental condition like gastric juice, bile salt etc. High yielding EPS strains could survive 

well in high acidic and bile salts conditions. In this way, EPS promotes bacterial growth and 

survival in the presence of acid, bile salt (Alp and Aslim, 2010) and serve as a growth substrate 

for gut microflora (Salazar et al., 2009). EPS provide protection against antibacterial 

ingredients i.e. phagocytosis and bacteriophage attack (Sabir et al., 2010). The utilization of 

microbial EPS may also contribute towards rheological properties of the product such as 

viscosity. In this context, EPS produced by Bifidobacterium strains can be considered as a 
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natural, bio-based additive and preferred over animal or plant based stabilizers (Boels et al., 

2001). 

4.8.10. Auto-aggregation assay 

Bacterial auto-aggregation is the process in which bacteria interact with each other physically 

and also settle down in a liquid suspension. The results presented in (Table 4.19) delineated 

that B. longum BL-05 revealed strong auto-aggregation activity (86.3+1.81%) in vitro.  

The recent results are in accord with the research exploration of Canzi et al. (2005), they probed 

Bifidobacterium strains cell surface properties through cell hydrophobicity, auto-aggregation 

or co-aggregation ability, adhesion to hydrocarbons and measuring the contact angle. They 

explicated that all the isolated Bifidobacterium strains exhibited auto-aggregation activity, 

among them B. bifidum displayed more than 89% auto-aggregation by producing a clear 

supernatant and precipitation. Similarly, Del Re et al. (2000) isolated 13 B. longum strains 

from human gastric juice and intestine, they documented that 5 strains (B7, B8, B10, B1604 

and B2352) were aggregating immediately and exhibited a high auto-aggregation (>80%) 

forming precipitate along with clear solution. Moreover, Rahman et al. (2008), also explored 

13 strains of 4 different Bifidobacterium spp. for their auto-aggregation ability and surface 

hydrophobicity.  

Auto-aggregation is the cell-cell interaction between proteins, glycoproteins, lipoteichoic acid 

and carbohydrates present in the bacterial cell wall (Marcotte et al., 2004; Lebeer et al., 2008; 

Golowczyc et al., 2009; Mackenzie et al., 2010). Auto-aggregation ability of probiotics is easy, 

effective and reproducible tool in the preliminary selection of probiotics. There is a strong 

relation between the adhesion and auto-aggregation ability to enterocytes in Bifidobacterium. 

However, adhesion ability cannot be observed in the absence of auto-aggregation even strains 

possess strong cell surface hydrophobicity. In this context, auto-aggregation assay is the basic 

preliminary step in the selection of potentially probiotic strains able to adhere intestinal 

epithelium (Tareb et al., 2013). As auto-aggregation is strongly related to adhesion, it promotes 

binding of probiotics to the intestinal lining. As a result of this binding, it acts as a barrier and 

pathogens are unable to colonize. This adhesion of probiotics to the intestinal cell is essential 

for pathogen omission and immunomodulation (Turpin et al., 2012). The probiotics with 

aggregating phenotypes survive longer in the gastrointestinal tract than non-aggregating 

phenotypes. Therefore, auto-aggregation and adhesion of probiotics to intestinal mucosa 
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provides a competitive advantage, which is important to maintain the microbiota balance in 

the gut (Servin and Coconnier, 2003). 

4.8.11. Cell surface hydrophobicity 

Cell surface hydrophobicity of probiotics is one of the most significant factors that influences 

bacterial attachments to the surfaces. The results presented in Table 4.20 stated that B. longum 

BL-05 revealed cell surface hydrophobicity which is due to the fact that it has better 

colonization ability. The affinity towards ethyl acetate (8.9+0.08%) is low as compared to 

xylene (56.80+1.9%) and chloroform (38.72+0.8%).  

Xu et al. (2009) delineated cell surface property of Lb. acidophilus ADH, B. longum B6, Lb. 

rhamnosus GG, Lb. paracasei, Lb. brevis, Lb. casei, Pediococcus acidilactici and Leuconostoc 

mesenteroides. The results elucidated that B. longum B6 illustrated the highest value for 

hydrophobicity (53.6%) followed by Lb. rhamnosus GG (46.5%). In this regard, B. longum 

was the potential microorganism to be used as probiotics for human consumption due to better 

colonization in GIT and better adhesion to epithelial lining of the host. Moreover, Rahman et 

al. (2008) also examined 13 strains of 4 different Bifidobacterium spp. for their auto-

aggregation ability and cell surface hydrophobicity. They delineated that among all 

Bifidobacterium spp. B. longum presented high cell surface hydrophobicity. Likewise, 

Georgieva et al. (2016) elucidated that most strains of B. longum displayed good auto-

aggregation ability, cell surface hydrophobicity and good competency to adhere with Caco-2 

cells. The hydrophobic and hydrophilic interaction is due to protein and polysaccharides 

present on bacterial cell surface. There are number of factors (i.e. interaction with protein, fatty 

acid, production of EPS) that contributes towards the adhesion, hydrophobicity, auto-

aggregation properties of probiotics with host cell (Polak-Berecka et al., 2014).  

Auto-aggregation ability and cell surface hydrophobicity are two important adhesion 

properties of probiotics. Actually, Autoaggregation ability and cell surface hydrophobicity are 

indirect methods to evaluate the adhesion of bacterial cell to the intestinal lining. There is a 

direct relationship between auto-aggregation, cell surface hydrophobicity and adhesion ability 

(Pan et al., 2006). In LAB and Bifidobacterium spp. cell surface hydrophobicity is extensively 

used to examine their ability to bind with different hydrocarbons (Kos et al., 2003; Vinderola 

et al., 2004; Collado et al., 2008). The surface properties play a very important role to evaluate 

the probiotics interaction with host epithelial lining and with other gut microflora. It also 
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affects probiotics survival, adhesion to host cell, interaction with their own species and with 

other bacteria as well (Lebeer et al. 2008; Kleerebezem et al. 2010). Adhesion of probiotics 

with host cell depends upon surface hydrophobic properties, van der waals forces and 

electrostatic balance in the host (Boonaert and Rouxhet, 2000). Hydrophobicity is important 

property and it is the first interaction between the epithelial cells or mucous (Schillinger et al., 

2005). In literature, result also explicated that in vitro estimation of hydrophobic properties is 

not a reliable approach to judge their interaction and auto-aggregation behavior within the host 

cell. There is still need to study it in vivo, for better understanding of this interaction.  

4.8.12. Antioxidant properties of probiotics 

Free radicals are as unavoidable molecules that produced during metabolic process. These 

molecules are reactive, unstable and rapidly oxidize when exposed to high temperature and 

environment causing oxidative damage. A well-established antioxidant defense system is 

needed to scavenge free radicals. The DPPH activity and resistance to hydrogen peroxide are 

commonly used methods to identify free radical scavenging activates (Vijayakumar, 2013).  

4.8.12.1. DPPH free radical scavenging activity 

The 2,2, diphenyl-1-picrylhydrazyl (DPPH) assay has been widely adopted method for 

estimating the antioxidant potential of an extract, compound or in biological system. In this 

method, extract or compound is mixed with DPPH solution and absorbance is recorded after a 

pre-defined time period. The results presented in Table 4.19 illustrated that B. longum BL-05 

exhibited strong antioxidant activity (54.6+0.49%) in vitro.  

The outcomes are in line with the verdicts of Xu et al. (2011), who isolated B. animalis from 

faeces samples and evaluated the antioxidant potential of two fractions of EPS in vitro and in 

vivo. They stated that two EPS fractions (EPSa & EPSb) have antioxidant potential but among 

them EPSb offered strong DPPH activity than EPSa. The difference between these two fraction 

antioxidant activities might be due to difference in structure, composition and chain linkage. 

In vitro result exhibited that the both EPS fractions (EPSa and EPSb) have antioxidant activity, 

free radical scavenging activity and have ability to prevent from linoleic acid peroxidation. 

DPPH activity of EPS increased as the production of EPS increased and presented similar  
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Table 4.19: Probiotic potential of B. longum BL-05 

Properties  Results 

EPS production 129+5.2 mg/L 

Auto-aggregation 86.3+1.81% 

DPPH free radical scavenging activity 54.6+0.49% 

  Values are expressed as mean + SD (n=3) 

 

 

Table 4.20: Cell surface hydrophobicity of B. longum BL-05 

Cell surface hydrophobicity Results (%) 

Xylene 56.80+1.9 

Chloroform 38.72+0.8 

Ethyl acetate 8.9+0.08 

  Values are expressed as mean + SD (n=3) 
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activity as ascorbic acid. Similarly, Lin and Chang, (2000) delineated that both Lb. acidophilus 

ATCC4356 and B. longum ATCC15708 had antioxidant activity. B. longum ATCC15708 

delineated high DPPH radical scavenging activity 52.1% as compared to Lb. acidophilus 

ATCC4356. Vijayakumar et al. (2015) isolated Lb. plantarum KCC-24 and evaluated its 

probiotic potential. Lb. plantarum KCC-24 exhibited good DPPH activity and results are 

comparable with ascorbic acid. Likewise, Shen et al. (2011) documented antioxidant activity 

of B. animalis 01 both in vitro and in vivo. The results illustrated that culture supernatant 

exhibited highest DPPH radical scavenging activity (73.11%) as compared to MRS broth, 

intact cells and intracellular cell free extract.  

Likewise, Wang (2006) elucidated LAB and Bifidobacterium fermented soymilk had higher 

antioxidative activity than un-fermented soymilk. Nevertheless, these studies represented the 

antioxidative ability in vitro and indicating antioxidant activity of intact cells or cell free extract 

which may also include many other cell components and metabolic products. There is still need 

to study this activity in vivo. Synthetic antioxidants have serious health implications regarding 

their safety and long term utilization. Synthetic antioxidants i.e. butylated hydroxytoluene 

(BHT) and butylated hydroxyanisole (BHA) have toxic and carcinogenic effects (Soubra et 

al., 2007). Therefore, it is the need of the day to explore non-toxic, natural and low cost 

antioxidants as substitute to synthetic antioxidant in pharmaceutical and food industries. In this 

context, utilization of probiotics with DPPH radical scavenging activity is good approach to 

get rid of synthetic antioxidants.  

4.8.12.2. Resistance to hydrogen peroxide 

Resistance to hydrogen peroxide is very much important because it is reactive oxygen species 

(ROS). It may damage tissues, as a result tissue and organ functionality may be lost. It is 

explicated from the mean squares (Table 4.21) that viability of B. longum BL-05 differed 

significantly (p<0.05) with respect to concentration of H2O2 and incubation time. However, 

their interaction was observed to be non-significant. The viability of B. longum BL-05 was 

studied at different H2O2 concentration (0.5, 1.0, 1.5 mM) and samples were withdrawn after 

0, 30 and 60 min intervals. The means regarding viability of B. longum BL-05 (Table 4.22) 

indicated that viable cells count were ranged from 6.98±0.3 to 8.60±0.3 log CFU/mL at 

different concentrations H2O2 and incubation time. H2O2 revealed a significant impact on 
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viability exhibiting a decreasing trend. Maximum viable cells count were observed at 0.5 Mm 

H2O2 while least were recorded at 1.5 Mm H2O2. There was a significant decrease in viability 

of B. longum BL-05 as a function of incubation time. Maximum viability was observed after 

30 min of incubation time while least was recorded after 60 min of incubation. However, H2O2 

concentration and incubation time interactively produced non-significant results.  

The present results for resistance to hydrogen peroxide are in concord with previous literature. 

Vijayakumar et al. (2015) isolated Lb. plantarum KCC-24 and evaluated its probiotic potential. 

The H2O2 effect on the viability of isolated Lb. plantarum KCC-24 was investigated. The 

results illustrated that isolated bacteria exhibited moderate resistant against H2O2 and viability 

decreased as the concentration of H2O2 increased. Similarly, Gagnon et al. (2004) isolated 

bifidobacteria from infant’s feces to improve probiotic formulae. The results documented that 

infant isolates RBL 82, RBL 461 and RBL 81 exhibited resistance up to 10 ug/mL of H2O2 

while RBL 460 and RBL 71 exhibited more resistance up to 20 ug/mL of H2O2. 

Recently a large number of LAB and Bifidobacteium have been reported for their antioxidative 

properties. Antioxidant status is exclusively related to blood and other body tissues or organs. 

It is considered that host gut microbiota should tolerate exogenous and endogenous oxidative 

stress. The probiotics antioxidant activity protects host gut microbiota from the attack of free 

radicals and probiotics propagation, colonization in the GIT. Additionally, probiotics 

possessing antioxidant activity play important role in the prevention of diabetes, gut ulcers, 

carcinogenesis and cardiovascular diseases (Kaushik et al., 2009). Metal ions related with 

several chronic diseases i.e. cancer, coronary heart disease, arthritis and etc. Therefore, 

probiotics, apart from their antioxidant and free radical scavenging activities also exhibit metal 

chelating activity (Kheadr et al., 2007). 

4.8.13. Depletion of sodium nitrite 

Nitrite is used as an additive in a number of fermented products i.e. fermented sausages and 

fermented vegetables. It is still considered undesirable in food products due to its safety 

concerns. It is recognized as carcinogenic and teratogenic substance due to its high oxidative 

and reductive activities. There is need to eliminate nitrite during fermentation. The results 

propounded in Table 4.23 revealed that B. longum BL-05 had ability to deplete nitrite 

(89±1.69%).  
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Table 4.21: Mean squares for viable count of B. longum BL-05 at different concentration of 

H2O2 

SOV df Resistant to H2O2 

Treatments (A) 2 1.39* 

Incubation time (B) 2 2.25* 

A x B 4 0.13 NS 

Error 18 0.11 

Total 26  

* = Significant (p < 0.05) 

NS = Non-Significant (p > 0.05) 

 

Table 4.22: Mean for viable count (log CFU/mL) of B. longum BL-05 at different concentration 

of H2O2 

Concentration of  

H2O2 

Incubation time (min) Means 

(mM) 0 30 60  

0.5 8.60±0.3 8.24±0.4 8.01±0.3 8.28±0.29a 

1.0 8.17±0.3 7.63±0.3 7.15±0.3 7.65±0.51b 

1.5 8.34±0.4 7.37±0.3 6.98±0.3 7.56±0.70b 

Means 8.37±0.21a 7.74±0.44b 7.38±0.55b  

  Values are expressed as mean + SD (n=3) 

 

Table 4.23: Depletion of sodium nitrite by B. longum BL-05   

Parameter Results (%) 

Sodium nitrite depletion 89±1.69 

  Values are expressed as mean + SD (n=3) 
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Present outcomes are in consensus with the research studies of Ren et al. (2014), they 

investigated eight indigenous LAB strains. The results explicated that highest sodium nitrite 

depletion was exhibited by Lb. plantarum (93%) followed by Lb. lactis (93%), Lb. bulgaricus 

(91%), Lb. acidophilus (91%), Lb. salivarius subsp. salicinius (88%) and Lb. rhamnosus 

(87%). While the lowest depletion was observed for CICC 6233 and CICC 20296 were 83% 

and 84% respectively. Likewise, Tiso et al. (2015) suggested that gut microbiota reduces 

nitrate into nitrite, nitric oxide and ammonia. Similarly, Liu et al. (2014) probed the role of Lb. 

casei subsp. rhamnosus LCR 6013 in pickle fermentation. The result elucidated that nitrite 

level after 120 h of fermentation with Lactobacillus was significantly lower than control.  

Moreover, Sobko et al. (2005) also stated that gut microbiota significantly depleted nitrate and 

nitrite into nitric oxide. The instant outcomes are in concord with the verdicts of Esmaeilzadeh 

et al. (2012), they characterized different LAB for their ability to deplete nitrite during 

fermentation. Nitrite depletion by Lb. fermentum, Lb. plantarum and Leu. mesentroides were 

99.3%, 91.7%, and 75% respectively. Lb. plantarum depleted nitrite from 120 to 10 mg/L at 

the end of incubation. While in case of mixed culture, the values recorded for nitrite depletion 

(Lb. plantarum and Lb. fermrntum), (Lb. plantarum and Leu. mesentroides), (Lb. fermenum 

and Leu. mesentroides) were 98.3%, 83.3% and 89.2% respectively. Lb. plantarum and Lb. 

fermentum mixture depleted nitrite from 120 to 10 mg/L at the end of fermentation. 

Bifidobacterium comprises more than 90% of infant’s GIT. Human breast milk contains 

particularly high level of nitrite and is considered one of the potential dietary source of nitrite 

(Jones et al., 2014). Nitrate is converted into nitrite, then further degraded into nitrogenous 

molecules i.e. ammonia, urea, NO and nitrogen gas by the action of bacteria in saliva, stomach, 

small and large intestine. Nitrite is commonly used as a food additive and has been widely 

found in various food products. It is an important N-nitrosamines precursor, which potentially 

causes cancer and methemoglobinemia when nitrite containing food consumed on daily basis. 

Nitrites also react with amines (protein degradation products) to form N nitroso compounds. 

The presence of nitrite and nitrate in GIT depends upon various aspects i.e. type of bacteria, 

colonization in the gut, balance between diet and metabolic pathway of nitrogen oxidation 

(Tiso et al., 2015). The probiotics strains could be selected as a potential agent to inhibit the 

conversion of nitrite to nitrosamines. However, nitrites are frequently used in meat industry to 
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inhibit the growth of Clostridium botulinum as well as a coloring and flavoring agent (Yan et 

al., 2008).  

4.8.14. Antagonistic activity 

Probiotics are helpful in the treatment and prevention of various pathogenic diseases. This is 

due to their antagonistic effect, organic acids, peptides, immunomodulation and inhibition of 

pathogens by means of binding with mucous cell. Antagonistic activity is also related to the 

synthesis of protein or bacteriocins like compounds (Tambekar et al., 2009). 

4.8.14.1. Antimicrobial activity 

Bifidobacterium strains are supposed to produce antimicrobial substances i.e. bacteriocins that 

can impede the growth and activity of different pathogens. The results presented in Table 4.24 

illustrated the strong antimicrobial activity of B. longum BL-05 against Escherichia coli, 

Salmonella, Staphylococcus aureus, H. pylori was observed and their zone of inhibition were 

(14±0.1 mm), (12±0.1 mm), (9±0.1 mm), (10±0.2 mm) respectively.  

Current results for antimicrobial activity of B. longum BL-05 were in accord with the outcome 

of Anandharaj and Sivasankari (2014), they documented that the antimicrobial activity of 

Lactobacillus strains against P. aeruginosa ATCC 15442, C. albicans ATCC 90028, E. coli 

ATCC 25922, K. pneumonia ATCC 13883 and S. aureus ATCC 25923. The results delineated 

that all the isolated strains had the ability to limit the growth of gram negative bacteria. 

Likewise, Poltavska and Kovalenko, (2012) isolated 13 Bifidobacterium strains from human 

and evaluated their antimicrobial activity. They expounded that Bifidobacterium strains were 

able to produce bacteriocin which were effective against pathogens. B. bifidum 174 and 

Bifidobacterium spp. 278 produced highest antimicrobial substances as compared to rest of the 

strains. Similarly, Collado et al. (2005) explicated that antimicrobial peptides produced from 

Bifidobacterium strains had strong antagonist activity against both antibiotic sensitive and 

antibiotic resistant H. pylori. Antimicrobial peptides could be one of the effective mechanism 

to combat H. pylori infectious diseases.  

Probiotics are helpful in the management of GIT infections. They exert positive effect against 

antibiotic associated diarrhea, travel diarrhea and rotavirius. They exhibited strong 

antimicrobial activity against pathogens belonging to genera Clostridium, Listeria, Salmonella 

and Escherichia (Toure et al., 2003; Gagnon et al., 2004). The antimicrobial activity is due to 
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the production of lactic acid and acetic acid or antimicrobial compounds (bacteriocins) 

(Tambekar et al., 2009). Theses antimicrobial substances are proteinases in nature and 

produced by various Bifidobacterium spp. Bifidocin B is bacteriocin produced by B. bifidum 

NCFB1454 able to limit a wide range of pathogens. Additionally, B. longum, B. longum Bb-

46 and B. lactis Вb-12 produced bacteriocin i.e. bifilong, bifilong Bb-46 and bifilact Bb-12 

respectively (Poltavska and Kovalenko, 2012). 

4.8.14.2. Antifungal activity  

Probiotics produce certain types of antifungal metabolites. Antifungal activities of probiotics 

also depend on microbial community, composition, environment and growth conditions. The 

results presented in Table 4.25 illustrated that B. longum BL-05 exhibited excellent antifungal 

activates against A. fumigatus (13±0.29mm), A. oryzae (16±0.14mm) and F. oxysporum 

(10±0.26mm). 

The current results of antifungal activity are in coherence with the research investigations of 

Tropcheva et al. (2014), they isolated four different strains (KR3, KR4, KR51 and KR53) of 

Lb. breve from traditional fermented curd yoghurt like products. The results explicated that 

strains displayed good antifungal activity against Penicillium, Aspergillus, Fusarium, and 

Trichoderma genera. Similarly, Ajah et al. (2016) studied antifungal activity of different 

probiotics along with seaweed extract. The results delineated that probiotics and seaweeds had 

significant antifungal activity against Candida albicans and it could be potentially used in the 

treatment of C. albicans infection. Likewise, Bayankaram and Sellamuthu, (2016) elucidated 

antifungal activity of four probiotics Lb. rhamnosus, Lb. plantarum, Lb. delbrueckii subsp. 

lactis, Lb. brevis against A. parasiticus and A. flavus. The results explicated that Lb. delbrueckii 

subsp. lactis documented maximal antifungal reduction (67.43%) and antiaflatoxigenic 

reduction (94.33%) against A. flavus. Whereas Lb. brevis depicted antifungal reduction 

(69.38%) and antiaflatoxigenic reduction (96.12%) against A. parasiticus. Moreover, Ilavenil 

et al. (2015) isolated four LAB strains (KCC25, KCC26, KCC27 and KCC28). The results 

delineated strong antifungal activity against P. roqueforti, A. fumigatus, B. elliptica, F. 

oxysporum and P. chrysogenum respectively.  

The antifungal activity of Bifidobacterium strains are an advantage to be used in food industry 

as a potential biopreservative against fungus and mould. Many fungal genera i.e. Penicillium, 

Aspergillus, Fusarium, and Trichoderma are associated with food chain contamination and 
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Table 4.24: Antimicrobial activity of B. longum BL-05 

Pathogens Zone of inhibition (mm) 

Escherichia coli, 14±0.13 

Salmonella 12±0.11 

Staphylococcus aureus 9±0.17 

H. pylori 10±0.25 

  Values are expressed as mean + SD (n=3) 

 

Table 4.25: Antifungal activity of B. longum BL-05 

Fungus Zone of inhibition (mm) 

A. fumigatus 13±0.26 

A. oryzae 16±0.14 

F. oxysporum 10±0.29 

  Values are expressed as mean + SD (n=3) 
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human health implications. Fusarium species are often found in foods and feeds, especially on 

cereal grains (Nicolaisen et al., 2009). Different fermented products are easily exposed to these 

spoilage organisms due to low pH, as the low pH is suitable for the growth and proliferation 

of fungus (Delavenne et al., 2012). In this context, B. longum BL-05 can be potentially used 

as an antifungal, bioprotective and biopreservative agent in the development of fermented 

products. 

4.8.15. Cholesterol reduction 

Elevated level of cholesterol leads to serious health problems such as cardiovascular disease, 

heart stroke, heart attack and many more. The purpose is to consume such type of food products 

that assimilate cholesterol and decrease its level in the body. It is explicated from the mean 

squares (Table 4.26) that cholesterol removal percentage differed significantly (p<0.05) with 

respect to bile salts and incubation time as well as their interaction. Means regarding 

cholesterol removal of B. longum BL-05 (Table 4.27) indicated that cholesterol removal were 

ranged from 13±0.53% to 63±2.58%. The results depicted that cholesterol removal was 

maximum in the presence of bile salt as compared to control. There was a significant increase 

in cholesterol removal as a function of incubation time. Maximum cholesterol removal was 

observed after 24 h of incubation time while least was recorded after 6 h of incubation. Bile 

salts and incubation time interactively produced significant results. It was obvious that 

cholesterol removal varied significantly (p<0.05) in the presence of bile salts and as the 

incubation time increased.  

The results of current outcomes of cholesterol reduction are in concord with the research work 

of Miremadi et al. (2014), they evaluated 14 probiotics strains for their cholesterol lowering 

effect. The results explicated that different probiotics strains illustrated different percentage of 

cholesterol assimilation at different incubation time. The highest values for cholesterol 

assimilation (34-65%) were observed after 24 h of incubation followed by 12 h (25-47%) and 

6 h (13-40%) respectively. Probiotic strains BL5022, LA2404, LA2410 and BB5286 indicated 

significantly higher cholesterol removal capacity (65, 62, 60 and 52%, respectively) after 24 h 

of incubation time. Similarly, Abd El-Gawad et al. (2005) evaluated that the cholesterol 

reduction of B. longum Bb-46 fortified buffalo milk yogurts. They fed 48 hypercholesterolemic 

male albino rats (80-100g) with 50 g yoghurt containing 0.07% (w/v) probiotics for 35 

consecutive days. They delineated that probiotic fortified yoghurt significantly reduced total 
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cholesterol level by 50.3%, triglycerides by 51.2% and LDL by 56.3% as compared to control. 

Likewise, Xiao et al. (2003) explicated the effect of low fat yoghurt fortified with B. longum 

BL1 (108 CFU/g) on cholesterol level of thirty-two subjects (cholesterol level 220-280 mg/dL, 

aged 28-60 years old, weight 55.4-81.8 kg). The results illustrated that there was a momentous 

reduction in serum total cholesterol level, LDL cholesterol and triglycerides as compared to 

control after 4 weeks. Whereas, in case of control HDL cholesterol level increased significantly 

(14.5%).  

High cholesterol level has several health implications i.e. high risk of cardiovascular ailments 

which is the major cause of death. Use of drug in the treatment of hypercholesterolemia have 

several side effects. Therefore, it is the need of the day to use natural, cost effective methods 

to reduce serum cholesterol. Consumers are more concerned to use safe and alternate products 

for hypercholesterolemia that reduce dependence on drug therapy which may have certain side 

effects (Ren et al., 2014). In this context, use of supplementing diets with probiotic strains is 

one of the effective and promising strategies to reduce serum cholesterol. The probiotics should 

tolerate high bile salts conditions (Anandharaj and Sivasankari, 2014). It is not only essential 

for survival and colonization of probiotics in the GIT but also for assimilation of cholesterol 

in the presence of bile salts (Kumar et al., 2013). 

4.8.16. Prebiotics utilization 

Prebiotics are non-digestible food ingredients, play vital role in the growth and activity of 

probiotics. Prebiotics not hydrolyzed in the gastrointestinal tract and act as a potential 

fermentable substrate for LAB and Bifidobacterium. The results presented in Table 4.28 

illustrated that B. longum BL-05 presented excellent growth and viability in the presence of 

prebiotics as compared to control. Maximum growth was observed in the presence of inulin 

(9.31±0.18 CFU/mL) followed by pectin (9.15±0.27 CFU/mL), FOS (9.07±0.26 CFU/mL) and 

maltodextrin (8.75±0.07 CFU/mL). 

The current research investigations are in concord with the verdict of Mehanna et al. (2013), 

they isolated 250 strains of LAB from human milk and evaluated their probiotic potential. They 

explicated that prebiotics i.e. green tea, artichoke leaves and green bell pepper stimulate the 

growth and viability of probiotics. Artichoke was considered as the best fermentable substrate 

and probiotics which presented highest growth rate as compared to green tea and green bell 

pepper.  
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Table 4.26: Mean squares for cholesterol reduction (%) with and without bile salts  

SOV df Cholesterol reduction 

Treatments (A) 1 1800.00* 

Incubation time (B) 2 1494.50* 

A x B 2 175.50* 

Error 12 2.68 

Total 17  

* = Significant (p < 0.05) 

 

Table 4.27: Mean for squares for cholesterol reduction (%) with and without bile salts  

Treatments Incubation time (h) Means 

 6 12 24  

Without bile salt 13±0.53e 23±1.01d 34±1.46c 23.33±10.5b 

With bile salt 21±0.96d 46±2.25b 63±2.58a 43.33±21.1a 

Means 17±5.65c 34.5±16.2b 48.5±20.5a  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p < 0.05) 

 

Table 4.28: Growth of B. longum BL-05 in control and prebiotics supplemented MRS broth at 

37oC after 24 h 

Prebiotics Growth (log CFU/mL) 

Control  7.51±0.06 

Inulin 9.31±0.18 

FOS 9.07±0.26 

Maltodextrin 8.75±0.07 

Pectin 9.15±0.27 

  Values are expressed as mean + SD (n=3) 
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Likewise, Muganga et al. (2015) investigated probiotic potential of 9 LAB strains and their 

application in the development of synbiotic yoghurt. They evaluated the growth of isolated 

LAB in the presence of inulin and soybean oligosaccharide (SBO). LGG strains exhibited 

maximum growth whereas CCFM47 growth was less in the presence of SBO. All the isolated 

strains revealed least growth in the presence of inulin as a carbon source. Similarly, Liong and 

Shah, (2005b) elucidated the cholesterol lowering effect of Lb. casei ASCC 292 in the presence 

of six prebiotics i.e. fructooligosaccharide (FOS), mannitol, maltodextrin, sorbitol, inulin and 

high amylose maize. The results illustrated that Lb. casei ASCC 292 along with prebiotics 

(maltodextrin and FOS) was the most effective for the removal of cholesterol as compared to 

rest of the prebiotics.  

Yeo and Liong (2010) investigated the growth of Lb. casei ATCC 393, Lactobacillus spp. 

FTDC 2113, Lb. acidophilus FTDC 8033, Lb. acidophilus ATCC 4356, B. longum FTDC 8643 

and Bifidobacterium FTDC 8943 with prebiotic fructo-oligosaccharides (FOS), mannitol, 

inulin, pectin and maltodextrin. All probiotics strains had viability > 7 log CFU/mL after 24 h 

of incubation. B. longum FTDC 8643 displayed maximum growth 9.10 log CFU/mL in the 

presence of inulin followed by pectin and FOS. Theses prebiotics are mostly carbohydrates 

with varying molecular structure occurring in human and animal diet in the form of dietary 

fiber (Gaggia et al., 2010). FOS, inulin and oligo-fructose are most commonly used prebiotics 

due to various technological functions i.e. fat replacer, low calorie, improve sensory profile of 

a product and stimulate the growth of probiotics (Kumar et al., 2009). Prebiotics modulate gut 

microflora, maintain microbial balance, improve mineral absorption and reduce absorption of 

fat, consequently, exerting positive health benefits to the host’s health. Due to various health 

benefits of prebiotics, these are frequently used in the development of synbiotic food products 

(Nagpal et al., 2007).  

4.9. Encapsulation of Bifidobacterium longum BL-05 

Encapsulation is a technique which entraps active ingredient in the carrier wall material and 

protects it from harsh environmental conditions. In this context, encapsulation of probiotics 

can serve as a protective coating, bacteria can survive during processing, tolerate low pH of 

stomach, bile salts and release at appropriate site i.e. small intestine. The Bifidobacterium 

longum BL-05 were encapsulated with different concentration of whey protein concentrate and 

pectin (Figure 4.7). The encapsulated matrices were evaluated for different parameters i.e. 
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tolerance to simulated gastric juice, bile salts, storage stability, released study, size, 

morphology, color analysis and textural properties. 

4.9.1. Encapsulation efficiency (EE) and yield 

Encapsulation efficiency is defined as number of cells entrapped during encapsulation. The 

viable cells count of B. longum BL-05 with five different wall materials combinations before 

and after encapsulation was presented in Table 4.29. The mean squares indicated significant 

(p<0.05) differences for encapsulation efficiency and yield for all bead formulations.  

The means (Table 4.30) indicated that all the bead formulations presented good encapsulation 

efficiency (> 85%). This was due to encapsulating materials whey protein concentrate (WPC) 

and pectin (PE) which provide protective coating around the bacterial cells. This may also 

protect disruption of bacterial cell wall, as a result, viability and encapsulation efficiency 

increased. The results explicated that there was a significant difference (p<0.05) in the 

encapsulation efficiency of different treatments ranging from 85.49±3.50% to 95.21±2.19%. 

However, the combination of WPC and PE showed significantly (p<0.05) high values for 

encapsulation efficiency. The highest encapsulation efficiency was recorded in E5 

(95.21±2.19%) followed by E4 (93.23±1.02%). The lowest value of encapsulation efficiency 

was documented in E1 with 1.51±0.05 cycle log reduction. The encapsulation efficiency 

increased as the total polymer concentration increased, that’s why, E5 presented high 

encapsulation efficiency as compared to rest of treatments. All the treatments indicated high 

encapsulation efficiency with one or less than one log reduction in the viable cells count. All 

the beads contained more than 107 CFU/g of viable cells. For colonization of probiotics it is 

suggested that viable cells count should be 107 to 109 CFU/g (Mattila-Sandholm et al., 2002).  

The outcomes of current study are in accord with the verdict of Chotiko and Sathivel et al. 

(2016), they used pectin and rice bran for microencapsulation of Lb. plantarum. The 

encapsulation efficiency increased as the total polymer concentration increased. Their results 

were in the range of 83.23 ± 3.41% to 95.44 ± 1.22%. Encapsulation efficiency is directly 

related to the sphericity of beads. The beads showed more sphericity, had more encapsulation 

efficiency. As the beads are more sphere, there is better entrapment of live cells and less cell 

loss during gelation and extrusion process. Their results expounded that use of pectin as a wall 

material increased encapsulation efficiency, due to its composition and structure. The bacterial 

size is 0.2µm (diameter) and 2-8 µm (in length). In this context, pectin has the capacity to  
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Table 4.29: Mean squares for Encapsulation Efficiency (EE) and yield 

SOV df EE Yield 

Treatments  4 45.7269* 38.7474* 

Error 10 4.0664 4.0515 

Total 14   

* = Significant (p < 0.05) 

 

 

Table 4.30: Means for viable cell count B. longum BL-05 before and after encapsulation, 

Encapsulation Efficiency (EE), log reduction of viable cells (LRVC) and yield of different 

beads formulations  

Bead 

formulations 

 

Before 

encapsulation 

N0 

(log 

CFU/mL) 

After 

encapsulation 

N 

(log CFU/g) 

Encapsulation 

Efficiency 

(EE) % 

Log 

reduction of 

viable cells 

(LRVC) 

(log  

CFU/mL) 

Yield (g/mL 

CS) % 

E1 10.41±0.11 8.90±0.02 85.49±3.50c 1.51±0.05a 86.76±3.51c 

E2 9.80±0.15 8.71±0.12 88.87±1.42bc 1.09±0.07b 88.10±1.41bc 

E3 9.35±0.13 8.68±0.14 92.83±0.37ab 0.67±0.01c 89.26±0.35abc 

E4 9.61±0.08 8.98±0.08 93.23±1.02ab 0.65±0.08c 93.12±1.02ab 

E5 9.40±0.04 8.95±0.11 95.21±2.19a 0.45±0.01d 94.46±2.17a 

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

E1= 100% whey protein concentrate  

E2= 75% whey protein concentrate + 25% pectin   

E3= 50% whey protein concentrate + 50% pectin 

E4= 75% whey protein concentrate + 25% pectin  

E5= 100% pectin  
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entrap a large number of cells as compared to other wall materials (White et al., 2010). In 

another study, Xu et al. (2016) elucidated that encapsulated Lb. casei in pea protein isolates 

(PPI) produced high encapsulation yield (85.69%). It simply expounded that the effectiveness 

of protein to be used as encapsulating material. Similarly, Cabuk and Harsa et al. (2015) 

encapsulated Lb. acidophilus NRRL-B 4495 with whey protein and whey protein-pullulan as 

encapsulating material. Similar to current results, they reported high encapsulation efficiency 

with whey protein (93.57%) and whey protein-pullulan (93.72%). 

Yield of beads increased as the concentration of total polymer cell suspension mixture 

increased. Moreover, as the polymer concentration increased, the weight of beads increased. 

The mean squares presented in Table 4.27 illustrated that yield differ significantly (p<0.05) 

with respect to bead formulations. The means (Table 4.28) illustrated that the highest yield was 

observed in E5 (94.46.76±2.17) followed by E4 (93.12±1.02). The results of current 

investigation of yield are in accord with the research investigation of Sandoval-Castilla et al. 

(2010), they developed different formulations with alginate and pectin as encapsulating agent 

for encapsulation of Lb. casei. They elucidated that the yield (g beads/mL cell suspension) was 

ranged from 50.9 to 80.0. The higher yield 80.0 g beads/mL cell suspension was found in the 

formulations which contain higher pectin concentration. Therefore, due to strong polymer 

matrix and gel networking, E5 provided better protection to B. longum BL-05, exhibited higher 

encapsulation efficiency and yield. The results of encapsulation efficiency and yield illustrated 

that the B. longum BL-05 did not undergo any damage during microencapsulation through 

external ionic gelation process. Microencapsulation through extrusion is easy, convenient and 

adequate technique for microencapsulation of probiotics with better entrapment of live cells. 

4.9.2. Survival of free and encapsulated B. longum BL-05 in simulated gastric juice (SGJ) 

It is assumed that B. longum BL-05 must survive, reach alive to GIT and colonize in the 

intestine to offer positive health benefits to the host. One of the major challenge is the survival 

of probiotics at low gastric pH (1.5-3) (Kos et al., 2000). The main objective of encapsulation 

is to improve the survival and viability of probiotics. The mean squares (Table 4.31) exhibited 

that the viability of B. longum BL-05 in SGJ differ significantly with respect to encapsulating 

materials and incubation time as well as their interaction.  
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Means regarding viability of B. longum BL-05 (Table 4.32) indicated that viable cells count 

were ranged from 3.21±0.04 to 10.65±0.09 log CFU/mL among treatments during different 

incubation time. Wall materials revealed a significant impact on viability, exhibiting increasing 

trend as the concentration of pectin increased. The maximum survival was observed in E4 

(9.70±0.12 CFU/g) and least was recorded in E1 (9.21±0.05 CFU/g). There was a significant 

decrease in viability of B. longum BL-05 as a function of incubation time. Encapsulated B. 

longum BL-05 exhibited resistance to gastric juice as compare to un-encapsulated cells (free 

cells). Among the encapsulated treatments, viability of B. longum BL-05 maintained for 30 

min and after that steady decrease was observed. Maximum viability was observed after 60 

min of incubation time while least was recorded after 120 min of incubation. Wall materials 

and incubation time interactively produced significant results. Maximum survival was 

observed in E4 (7.96±0.19 CFU/g) followed by E3 (7.45±0.19 CFU/g) and least was recorded 

in E1 (6.10±0.12 CFU/g) after 120 min of incubation time. In E4 minimum 1.74 log cycle 

reduction from 9.70 to 7.96 log CFU/g after 120 min exposure to gastric juice was observed. 

The maximum reduction was observed in E1 followed by E5. It seems from results that gastric 

juice was easy to enter in the pin whole of the beads prepared from whey protein concentrate 

and pectin alone. The use of whey protein concentrates and pectin in combination provided 

better protection as shown in E2, E3 and E4. Therefore, encapsulated Bifidobacterium showed 

good survival in acidic environment as compared to free cells. 

The present research findings are in concord with the results of Zou et al. (2011), they 

delineated that alginate-pectin beads provide better protection to B. bifidum F-35. Similarly, 

the findings of Rokka and Rantamaki (2010) and De Castro-Cislaghi et al. (2012) elucidated 

that whey protein encapsulated probiotics can better tolerate to acidic condition, as a result 

viability increased. Likewise, Jantzen et al. (2013) reported survival of Lb. reuteri in gastric 

juice increased 32% by using whey protein as encapsulating material compared to free cells. 

Earlier, Krasaekoopt et al. (2003) encapsulated Lb. casei in alginate-pectin polymer and 

reported alginate-pectin polymer offered better protection to probiotics. Various authors 

(Mokarram et al., 2009; Nazzaro et al., 2009; Sabikhi, et al., 2010; Shi et al., 2013) have 

reported similar results that the use of biopolymers as encapsulating material contribute better 

protection to probiotics as compared to free cells when exposed to acidic conditions. Whey 

protein is a suitable and effective wall material due to its buffering capacity and tolerance to  
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Table 4.31: Mean squares for viable cells count of B. longum BL-05 (log CFU/mL) in the 

presence of simulated gastric juice (SGJ) 

SOV df Viable cells count 

Treatments (A) 2 52.8751* 

Incubation time (B) 5 6.5675* 

A x B 10 3.8785* 

Error 36 0.01 

Total 53  

* = Significant (p < 0.05) 

 

Table 4.32: Means for viable cell count of B. longum BL-05 (log CFU/mL) in the presence of 

simulated gastric juice (SGJ) 

Treatment Incubation time (min) Means 

 0 60 120  

NE 10.65±0.09a 4.84±0.13i 3.21±0.04j 6.23±3.91f 

E1 9.21±0.05c 6.43±0.07gh 6.10±0.13h 7.24±1.70e 

E2 9.26±0.03c 7.60±0.10ef 7.29±0.16f 8.05±1.05c 

E3 9.31±0.07bc 7.96±0.15de 7.45±0.19f 8.24±0.96b 

E4 9.70±0.12b 8.21±0.10d 7.96±0.19de 8.62±0.94a 

E5 9.45±0.19bc 6.81±0.14g 6.23±0.12h 7.49±1.71d 

Means 9.59±0.54a 6.97±1.24b 6.37±1.70c  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

NE= Non-encapsulated (Free cells) 

E1= 100% whey protein concentrate  

E2= 75% whey protein concentrate + 25% pectin   

E3= 50% whey protein concentrate + 50% pectin 

E4= 75% whey protein concentrate + 25% pectin  

E5= 100% pectin   
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Figure 4.7: Viable cell count of B. longum BL-05 (log CFU/mL) in the presence of simulated 

gastric juice (SGJ). E1= 100% whey protein concentrate, E2= 75% whey protein concentrate + 

25% pectin, E3= 50% whey protein concentrate + 50% pectin, E4= 75% whey protein concentrate 

+ 25% pectin, E5= 100% pectin 
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low pH. The solubility of whey protein increases as the pH increases (Pelegrine and 

Gasparetto, 2005; Gbassi et al., 2009; Dissanayake et al., 2013). Alginate-pectin beads were 

responsible for network complexity, high gel strength at low pH and prevent from leakage of 

core material (Walkenstrom et al., 2003; Madziva et al., 2005). 

4.9.3. Survival of free and encapsulated B. longum BL-05 in bile salts  

A microorganism should be considered as a probiotic if it survives the harsh environmental 

conditions of GIT (i.e. low pH and bile salts in the upper portion of intestine). Bile salts passes 

through the cell membrane of bacteria, causes damage to bacterial protein, DNA and other 

intracellular components consequently cells no longer alive (Begley et al., 2005). 

Encapsulation is the most effective and promising technique to increase the survival of 

probiotics due to protection of encapsulating materials. The mean squares (Table 4.33) 

explicated that viability of B. longum BL-05 in bile salts solution differed significantly with 

respect to encapsulating materials and incubation time as well as their interaction. 

Means regarding viability of B. longum BL-05 (4.34) indicated that viable cells count were 

ranged from 6.13±0.05 to 10.91±0.03 log CFU/mL among different beads formulations during 

different incubation time. Wall materials revealed a significant impact on viability, exhibiting 

increasing trend as the concentration of pectin increased. The maximum survival was observed 

in E4 (9.48±0.02 CFU/g) and least was recorded in E3 (9.29±0.08 CFU/g). There was a 

significant decrease in viability of B. longum BL-05 as a function of incubation time. 

Encapsulated B. longum BL-05 exhibited resistance to bile salts as compared to non-

encapsulated cells (free cells). Among the encapsulated treatments, viability of B. longum BL-

05 maintained after 240 min of incubation time. Maximum viability was observed after 60 min 

of incubation time while least was recorded after 240 min of incubation. Wall materials and 

incubation time interactively produced significant results. Maximum survival was observed in 

E4 (7.73±0.03 CFU/g) followed by E3 (7.34±0.04 CFU/g) and least was recorded in E1 

(6.13±0.05 CFU/g) after 120 min of incubation time. Combination of whey protein concentrate 

and pectin confered better protection to B. longum BL-05 from bile salts. In E4, minimum (1.75 

log cycle) reduction while in E1 maximum reduction (3.65 log cycle) was recorded. It was 

revealed from the results, Bifidobacterium was sensitive to bile salts but in all the tested beads 

the viable cells count was > 106 log CFU/g which can colonize easily in the intestine. Therefore, 
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encapsulated Bifidobacterium explicated good survival to stimulated intestinal fluid as 

compared to free cells. Pectin offered better protection, restrict the diffusion of acid and bile 

as compared to whey protein concentrate beads. The increased viable count in E4 was due to 

limited penetration of gastrointestinal fluid into the core material maintaining the viability and 

stability of probiotics.  

The results of current verdicts are in consensus with the research exploration of Eckert et al. 

(2017), they elucidated that encapsulation of Lb. plantarum by using dairy whey, offer 

protection from harsh conditions of simulated intestinal fluid (SIF). The minimum reduction 

of 0.67 log CFU/g was observed and this protection might be due to interaction of protein and 

lactose. Similarly, Rajma et al. (2012) delineated that denatured whey protein encapsulated 

probiotics improve viability as compared to untreated whey protein after 4 h exposure to bile 

salts. This was might be due to film forming behavior of denatured protein which resulted 

limited penetration of SIF.  Likewise, Bustamante et al. (2017) demarcated that encapsulated 

LAB showed relatively high viability as compared to unencapsulated LAB in 2% bile salts. 

Earlier, Dolly et al. (2011) investigated gradual decline in the viability of Lb. plantarum after 

4 h exposure to gastrointestinal conditions (low pH and bile salts). Recently, Liu et al. (2016), 

came out with similar results that the free cells lose their viability when exposed to 3% bile 

salts solution after 30 min of exposure. Instead of this, encapsulated Lb. rhamnosus 

encapsulated in whey protein and isomalto-oligosaccharide as a wall materials showed better 

protection against bile salts solution. Around 2.4 and 3.1 log CFU/g reduction was absorbed 

after 90 min exposure.  

In another research investigation, Yao et al. (2017) recorded the effect of 3 % bile salts on free, 

alginate encapsulated and gelatin-alginate encapsulated Lb. salivarious Li01. They 

documented that the free cells were dead after 40 min exposure in SIF, whereas, encapsulated 

probiotics remain stable in the same conditions. In this context, Chabuk and Harsa et al. (2015) 

used polysaccharides with whey protein in combination for encapsulation of Lb. acidophilus 

and concluded that increased survival rates in bile salts solution could be attributed due to 

incorporation of polysaccharides. Likewise, Chotiko and Sathivel et al. (2016) encapsulated 

Lb. plantarum using pectin and rice bran as encapsulating agent. It was reported that after 24 

h of incubation in SIF, pectin and rice bran capsules provided better protection than pectin 

alone or free cells.  
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Table 4.33: Mean squares for viable cell count of B. longum BL-05 (log CFU/mL) in the 

presence of bile salts 

SOV Df Viable cells count 

Treatments (A) 2 34.8259* 

Incubation time (B) 5 10.5383* 

A x B 10 2.3360* 

Error 36 0.0049 

Total 53  

* = Significant (p < 0.05) 

 

Table 4.34: Means for viable cell count of B. longum BL-05 (log CFU/mL) in the presence of 

bile salts 

Treatments Incubation Time (min) Means 

 0 60 120 180 240  

NE 10.91±0.03c 7.12±0.09mn 5.49±0.02q 4.21±0.08r 3.08±0.02s 6.16±3.05e 

E1 9.78±0.05b 8.32±0.12hi 7.14±0.01mn 6.74±0.07o 6.13±0.05p 7.62±1.44e 

E2 9.34±0.03de 8.56±0.03g 8.10±0.06i 7.13±0.08mn 7.29±0.06lm 8..08±0.91c 

E3 9.29±0.08de 8.96±0.07f 8.26±0.07i 7.42±0.06kl 7.34±0.04klm 8.25±0.88b 

E4 9.48±0.02cd 9.21±0.17e 8.69±0.04g 7.54±0.03jk 7.73±0.03j 8.53±0.86a 

E5 9.67±0.11bc 8.51±0.03gh 7.45±0.10kl 6.95±0.04no 6.23±0.05p 7.78±1.32d 

Means 9.74±0.60a 8.44±0.72b 7.52±1.14c 6.66±1.23d 6.32±1.70e  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

NE = Non-encapsulated (Free cells) 

E1= 100% whey protein concentrate  

E2= 75% whey protein concentrate + 25% pectin   

E3= 50% whey protein concentrate + 50% pectin 

E4= 75% whey protein concentrate + 25% pectin  

E5= 100% pectin  
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Figure 4.8: Viable cell count of B. longum BL-05 (log CFU/mL) in the presence of bile salt. E1= 

100% whey protein concentrate, E2= 75% whey protein concentrate + 25% pectin, E3= 50% whey 

protein concentrate + 50% pectin, E4= 75% whey protein concentrate + 25% pectin, E5= 100% 

pectin 
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Previously, Sandoval-Castilla et al. (2010) encapsulated Lb. casei in alginate-pectin and 

exposed to bile salts condition for 6 h. They demarcated that calcium/alginate/pectinate beads 

network provided better protection to Lb. casei against bile salts as compared to alginate and 

pectin alone after 6 h exposure. Among all the combination, the one in which there was high 

concentration of pectin, presented better survival and viability as compared to others.  

4.9.4. Storage stability of free and encapsulated B. longum BL-05 at 4oC 

The storage stability of probiotics is very imperative. In the commercialization of probiotics 

products, the cells should be viable during storage. The results of mean squares (Table 4.35) 

illustrated that storage stability of B. longum BL-05 differed significantly with respect to 

encapsulating materials and storage as well as their interaction. 

Means regarding viability of B. longum BL-05 (Table 4.36) indicated that viable cells count 

were ranged from 2.91±0.06 to 10.72±0.20 log CFU/mL among different beads formulations 

during storage. Viability varied significant with respect to wall materials combinations. All the 

encapsulated B. longum BL-05 treatments represented viability > 7 log CFU/g as compared to 

free cells. The maximum survival was observed in E3 (10.72±0.20 CFU/g) and least was 

recorded in E5 (9.20±0.10 CFU/g). There was a significant decrease in viability of B. longum 

BL-05 as a function of storage. Among all the encapsulated treatments, maximum viability 

was observed after 7 days while least was recorded after 28 days of storage. Bead formulations 

and storage time interactively produced significant results. Maximum survival was observed 

in E3 (8.21±0.15 CFU/g) followed by E4 (8.14±0.11 CFU/g) and least was recorded in E5 

(7.21±0.15 CFU/g) after 28 days of storage. 

The findings of current research are in concord with the verdict of Brinques and Ayub et al. 

(2011) who encapsulated Lb. plantarum by using different wall materials in combination. They 

elucidated that free cells lost their viability after 38 days of storage as compared to 

encapsulated cells. Among different formulation of encapsulated wall materials, the Lb. 

plantarum encapsulated in pectin exhibited better viability and stability during storage.  In this 

context, pectin beads indicated better viability at 4oC (refrigeration condition). Similarly, 

Cabuk and Harsa et al. (2015) encapsulated Lb. acidophilus NRRL-B 4495 with whey protein 

and pullulan as encapsulating material. Free cells lost their viability and 4.04 log reduction was  
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Table 4.35: Mean squares for viable cell count of B. longum (log CFU/mL) at 4oC during 

storage 

SOV d f Viable cells count  

Treatments (A) 4 31.0753* 

Incubation time (B) 5 24.7843* 

A x B 20 3.0160* 

Error 60 0.0127 

Total 89  

* = Significant (p < 0.05) 

 

Table 4.36: Means for viable cell count of B. longum BL-05 (log CFU/mL) at 4oC during 

storage 

Treatments Storage (days) Means 

 0 7 14 21 28  

NE 10.18±0.06bc 8.64±0.07ijk 5.41±0.07p 3.12±0.06q 2.91±0.06q 6.05±3.26e 

E1 10.67±0.08a 9.81±0.15def 9.64±0.10fg 8.71±0.13ijk 7.94±0.12mn 9.31±1.05b 

E2 10.48±0.04ab 9.96±0.13cd 9.54±0.08efg 8.45±0.12jkl 7.81±0.11f 9.24±1.09b 

E3 10.72±0.20a 10.14±0.05bcd 9.86±0.16cde 8.47±0.16jkl 8.21±0.15lm 9.48±1.08a 

E4 9.86±0.03cde 9.45±0.02fg 8.41±0.11kl 8.21±0.02lmn 8.14±0.11lmn 8.81±0.78c 

E5 9.20±0.10gh 8.91±0.09hi 8.78±0.16ij 8.14±0.03lmn 7.21±0.15o 8.44±0.79d 

Means 10.18±0.58a 9.48±0.60b 8.57±1.66c 7.51±2.16d 7.03±2.05e  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

Non-encapsulated (NE)= Free cell 

E1= 100% whey protein concentrate  

E2= 75% whey protein concentrate + 25% pectin   

E3= 50% whey protein concentrate + 50% pectin 

E4= 75% whey protein concentrate + 25% pectin  

E5= 100% pectin  
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Figure 4.9: Storage stability of free and encapsulated B. longum BL-05 at 4oC. E1= 100% whey 

protein concentrate, E2= 75% whey protein concentrate + 25% pectin, E3= 50% whey protein 

concentrate + 50% pectin, E4= 75% whey protein concentrate + 25% pectin, E5= 100% pectin 
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observed after 4 weeks’ storage at 4oC. While encapsulated cells had viable cell count more 

than 7 log CFU/g under same conditions. Likewise, Oliveira et al. (2007) expounded that 

encapsulation by using coacervation trailed by drying procedure for encapsulation of Lb. 

acidophilus LAC 4 by using pectin/casein polymer system. They recorded initial viable cell 

count 9.16 log CFU/g and after 30 days’ storage the viable cell count was 8.92 log CFU/g. 

Additionally, Rodrigues et al. (2011) also delineated the protective effect of whey protein 

encapsulation and found more than 9 log CFU/g viability of microspheres after 180 days of 

storage at 5oC. The current research findings could be correlated with the outcomes of other 

authors (Fung et al., 2010; Su et al., 2011; Zou et al., 2011; Lopez-Rubio et al., 2012; Shi et 

al., 2013; Coghetto et al., 2016). They delineated that the survival of microencapsulated 

probiotics was better than that of non-encapsulated bacteria during storage. Hence, it may be 

concluded that whey protein concentrate and pectin could significantly improve stability of B. 

longum BL-05 at 4oC during long term storage. The fermented probiotic products should be 

stored at 4oC. Therefore, current results strongly suggested that encapsulation through 

extrusion is one of the promising technique to maintain the viability of probiotics in food 

system during storage.  

4.9.5. Release of encapsulated B. longum BL-05 in simulated intestinal fluid (SIF) 

Release of encapsulated probiotics in intestine is one of the important objective of 

encapsulation. Encapsulated bacteria should be released in the small intestine so that it 

provides certain health benefits to the host. The results of mean squares (Table 4.37) explicated 

that release profile of B. longum BL-05 differed significantly with respect to encapsulating 

materials and release time as well as their interaction. 

The free and encapsulated B. longum BL-05 were exposed to SIF for a period of 150 min and 

release profile of different encapsulated treatments was recorded. Means regarding release 

profile of B. longum BL-05 (Table 4.38) were ranged from 20±0.98% to 100±3.60% among 

different beads formulations during release time. Release profile varied significant with respect 

to wall materials combinations and 100% release was observed in E1, E2 and E3. There was a 

significant increase in release profile of B. longum BL-05 as a function of time. Among all the 

encapsulated treatments, maximum release was observed after 60 min while least was recorded 

after 30 min. Bead formulations and release time interactively produced significant results. 

The E1, E2, and E3 have fast cell releasing behavior and could be fully released within 150 min. 
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After 90 min of exposure to SIF, they released more than 90%. The cells released due to 

degradation of whey protein and pectin hydrogel network. The crosslinking density of hydrogel 

decreases, leading to structural degradation and hydrolysis of protein. However, in E4 and E5 

beads, the release was not as quick due to denser polymer structure of pectin. The concentration 

of pectin was more in E4 and E5, it took more time for structural degradation as compared to 

E1, E2, and E3. The release mechanism was due to erosion and swelling of polymer hydrogel 

when exposed to SIF. It is concluded that the polymer concentration not only affects the 

protection to adverse condition but also affected the release profile of encapsulated B. longum 

BL-05. As high concentration provided better protection to acidic condition but reduced release 

rate.  

The results of current findings are in accord with the research investigation of Shi et al. (2013), 

they studied the release profile of Lb. bulgaricus encapsulated in alginate-milk. Their results 

explicated that all the encapsulated probiotics released after 60 min exposure to SIF while there 

was a quick release during 30 to 60 min. Similarly, Cabuk and Harsa et al. (2015) explicated 

that release of probiotics was increased as the exposure time increased. They probed that 70% 

encapsulated bacteria released from whey protein-pullulan beads after 1 h and the viable count 

was 9.41 log CFU/g after 7 h. While in case of whey protein microcapsule, 88.75% bacteria 

released after 1 h and complete release was occurred after 3 h of incubation with viable count 

9.11 CFU/g. The release of cells from the protein was much quicker due to the presence of 

protein digestible enzyme in the intestine that collapse the polymer matrix (Doherty et al., 

2011). Like pullulan, in current investigation pectin was used which is a low digestible 

polysaccharides and degradable by microbial enzyme in the intestine. Likewise, Wang et al. 

(2016) encapsulated Lb. plantarum by using sodium alginate-skim milk as wall materials with 

or without inulin. The results delineated that inulin-sodium alginate had quick release as 

compared to sodium alginate beads. The quick release of probiotics is important to provide 

expected healthy outcomes to the host.  

Pectin is a polysaccharide, so it formed denser/thick wall beads as compare to whey protein 

concentrate. The pectin beads were larger in size with more density which limit the diffusion 

of SIF. Larger diameter microcapsules have low volume to surface area ratio. Therefore, they 

cannot undergo polymer degradation in the same manner as the small size microcapsule, as a 

result the release of probiotics may be prolonged (Klemmer et al., 2011; Wang et al., 2014). 
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Table 4.37: Mean squares for release profile (%) of B. longum BL-05 in SIF 

SOV df Release profile 

Treatments (A) 2 24150.4* 

Incubation time (B) 5 1068.2* 

A x B 10 57.6* 

Error 36 5.4 

Total 53  

* = Significant (p < 0.05) 

 

Table 4.38: Means for release profile (%) of B. longum BL-05 in SIF 

Treatments Release time (min)  Means 

 0 30 60 90 120 150  

E1 ND 40±1.64h 98±2.45a 100±3.30a 100±2.80a 100±3.60a 7.3±42.96a 

E2 ND 35±1.43hi 89±2.75bcd 98±1.37a 100±2.90a 100±2.40a 70.3±42.58b 

E3 ND 30±1.38ij 85±2.29cde 94±3.47ab 98±1.27a 100±2.70a 67.8±42.32c 

E4 ND 25±1.10jk 75±2.92fg 82±3.36def 87±2.69bcde 90±2.97bc 59.8±37.84d 

E5 ND 20±0.98k 70±1.96g 76±3.57fg 80±1.68ef 81±3.32ef 54.5±35.25e 

Means ND 30±7.90d 83.4±11.14c 90±10.48b 93±9.05a 94.2±8.55a  

ND= Not detected 

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

E1= 100% whey protein concentrate  

E2= 75% whey protein concentrate + 25% pectin   

E3= 50% whey protein concentrate + 50% pectin 

E4= 75% whey protein concentrate + 25% pectin  

E5= 100% pectin  
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Figure 4.10: Release profile of B. longum BL-05 (log CFU/mL) in simulated intestinal fluid (SIF). 

E1= 100% whey protein concentrate, E2= 75% whey protein concentrate + 25% pectin, E3= 50% 

whey protein concentrate + 50% pectin, E4= 75% whey protein concentrate + 25% pectin, E5= 

100% pectin 
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As the concentration of polymer increases the protection also increases but reduces its release 

rate due to formation of denser membrane (Shi et al., 2013). The release profile of encapsulated 

Felix O1 reduced significantly as the concentration of alginate and CaCO3 increased in the gel 

matrix (Ma et al., 2012).  

4.9.6. Characterization of beads  

4.9.6.1. Size of beads 

The size of B. longm BL-05 beads is very important factor in encapsulation technology. 

Composition of polymer (encapsulating materials) affects the size and shape of beads. The 

mean squares (Table 4.39) explicated that size of beads differs significantly (p<0.05) among 

all the bead formulations. The means (Table 4.40) illustrated that the diameter of beads ranged 

from 1.39±0.05 to 2.42±0.10 mm. E1 showed significantly lower diameter (1.39±0.05 mm) 

than E2, E3, E4 and E5. The larger bead diameter was observed in E5 (2.42±0.10 mm) which was 

not significantly different from E3 (2.03±0.09 mm) and E4 (2.25±0.11 mm). As the polymer 

concentration increases the diameter increases. Therefore, the size of E5 was larger because the 

concentration of pectin was more as compared to rest of the bead formulations. Microcapsules 

produced from whey protein concentrate (E1) were small in size and not uniform. In current 

study, comparatively large beads were formed which was not only capable of achieving good 

cell loading but also provide better protection against harsh environment. 

Polysaccharides contribute towards the sphericity and elasticity of microcapsules than that of 

whey protein concentrate alone. The results of current investigation are in concord with the 

verdict of Sandoval-Castilla et al. (2010), they delineated similar results regarding the size of 

microcapsule of Lb. casei encapsulated in alginate pectin. Beads formed with 3.5% polymer 

showed large size as compared to bead produced from 0.5% polymer concentration. Likewise, 

Klemmer et al. (2011) demarcated similar results while working on pea protein based 

encapsulated wall material for the delivery of probiotics and prebiotics. They reported that 

higher concentration of protein along with prebiotics leads towards larger size microcapsules. 

Valero-Cases and Frutos (2015) expounded that as the concentration of polymer increases, the 

size of bead increases. They concluded that microcapsules with 2% inulin showed large 

diameter as compared to the microcapsules with 0 or 1% inulin. The average size of 
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microcapsules was observed as 1.86 mm to 2.25 mm by using the same method (extrusion) 

and same diameter syringe 21 G.  

The results are in harmony with the exploration of Muthukumarasamy et al. (2006), they used 

needle 21 G for encapsulation of Lb. reuteri in alginate and obtained average size 2.37mm of 

microcapsules. The size of microcapsules also depends upon the type of wall material used. In 

another study, Nualkaekul et al. (2012) recorded that the average size of microcapsule was 2.9 

mm by using different wall materials. The microcapsules produced through extrusion 

technology were uniform and homogeneous as compared to emulsion technique. The size of 

microcapsules depends on polymer concentration, syringe diameter, concentration of CaCl2, 

stirring speed, distance between hardening solution and syringe (Voo et al., 2011; Valero-

Cases and Frutos, 2015). The size of microcapsules is an important character to be considered 

in the development of food product because larger particles have detrimental effect on the 

quality and texture of food (De Lara Pedroso et al., 2012). 

4.9.6.2. Scanning electron microscopy (SEM) 

Scanning electron microscope images of free cells showed that B. longum BL-05 were V or Y 

shaped rods (Figure 4.8. k). Shape and morphological structure of microcapsules were depicted 

through scanning electron microscopy (Figure 4.8. a-j). SEM images illustrated that pectin 

significantly (p<0.05) contributes towards the septicity of beads than whey protein concentrate. 

This difference was due to crosslinking occurring in each bead formation. The bead prepared 

from different formulations have different shape and size depending upon the type of wall 

materials used (Figure 4.8. a, c, e, g, i). Structural collapse was absorbed in all the tested beads 

but it was more prominent in E1 and E2 which was due to freeze drying process. During freeze 

drying, the water evaporated from the microcapsules and resulted in the structural collapse and 

cracks. In case of pectin based microcapsules, these structural collapse and fractures were less 

visible due to pectin matrix which provides mechanical strength and allow beads to remain in 

the shape during drying process. Topography revealed that, beads in which high concentration 

of whey protein concentrate was used as a wall material (E1 and E2), were not smooth and holes 

throughout the surface with multi-cavities (Figure 4.8. a, c). The walls were irregular, wrinkles 

with visible cavities and channels on the surface (Fig. 2 b, d) which might be due to rapid loss 

of water during freeze drying. As the concentration of pectin increased, the microcapsules were 

comparatively smooth, compact and homogeneous structure (Figure 4.8. e, g, i). The film 
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forming characteristics of pectin which provided better protection and structure to beads as 

compare to whey protein concentrate alone. As the concentration of pectin increased the 

surface became smooth, without cavities, wrinkles and sphericity of beads increased (Figure 

4.8. f, h, j). Pectin is effective barrier and helps to stop diffusion of acid, bile and prevent 

release of bacteria from the capsules. SEM images revealed that in all the bead formulations, 

B. longum BL-05 cells were efficiently encapsulated and not visible on the external surface of 

microcapsules even at high magnification. 

The results of current study are in consensus with the verdict of Lopez-Rubio et al. (2012), 

they worked on encapsulation of bifidobacteria in food hydrocolloids through electrospinning. 

Likewise, Cabuk and Harsa et al. (2015) conducted research by using polysaccharides and 

whey protein encapsulating agent. They found that microcapsules with polysaccharides wall 

material have better and smooth structure as compared to whey protein encapsulated 

probiotics. Pectin microcapsules presented spherical shape without visible surface cracks and 

holes as compared to whey protein concentrate microcapsules. Yao et al. (2017) explicated 

similar results while encapsulating Lb. salivarious Li01 in alginate and gelatin. SEM results 

exhibited that freeze drying changed the morphology of microcapsules. The beads appeared 

wrinkly and shrunken due to loss of moisture. Similarly, Huiyi et al. (2013) demarcated that 

the spherical shape of beads is important to maintain the textural property of food products 

with better protection to encapsulated probiotics.  

In another study, Pitigraisorn et al. (2017) who used fluidized bed drying process for drying of 

Lb. acidophilus microcapsule and reported that structural collapse occurred due to removal of 

water. Pereira and Hunenberger (2006) delineated that dehydration through freeze drying 

collapsed the surface and produced cracks on calcium pectinate gel beads. Freeze dried beads 

contain whey protein concentrate as encapsulating agent were like broken glass, fractured or 

fragmented structure (Ezhilarasi et al., 2013). Finding of current study could be concomitant 

with the results of Chotiko and Sathivel (2016), they analyzed the morphology of freeze dried 

pectin rice bran capsule coated with or without whey protein concentrate. After freeze drying, 

the size of microcapsules decreased with roughly spherical in shape and visible channels 

(Cheow et al., 2016).  
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Figure 4.11: Bead formulations 

E1= 100% whey protein concentrate  

E2= 75% whey protein concentrate + 25% pectin   

E3= 50% whey protein concentrate + 50% pectin 

E4= 75% whey protein concentrate + 25% pectin  

E5= 100% pectin  
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Figure 4.12: Scanning electron microscopy images  

(a-b) E1= 100% whey protein concentrate, (c-d) E2= 75% whey protein concentrate + 25% pectin, (e-f) E3= 50% 

whey protein concentrate + 50% pectin, (g-h) E4= 75% whey protein concentrate + 25% pectin, (i-j) E5= 100% 

pectin, k) non-encapsulated cells. (Arrows showed that holes and concavities) 
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If the surface is irregular, rough with cavities, the wall material didn’t provide enough 

protection to probiotics resulting in the loss of beads integrity and shape. In case of pectin 

based microcapsules there was no visible surface dents and holes which supports pectin to be 

used as wall material in encapsulation. Presence of pores has several disadvantages i.e. quick, 

easy diffusion of water, gastric and intestinal fluid, leakage of cells out the matrix, beads 

integrity and shape lose (Anil and Harjinder, 2007; Rathore et al., 2013). The microcapsules 

wall is smooth, compact and firm, without cracks on the surface, which provides a protective 

barrier for probiotics and also limit the damage by external factors (Tonon et al., 2011). 

4.9.6.3. Moisture content 

Moisture content is one of the important quality parameter during storage of probiotics 

products. Moisture content directly affects storage stability and viability of probiotics (Ying et 

al., 2010). The mean squares (Table 4.39) regarding moisture illustrated that moisture differed 

significantly with respect to encapsulating materials. The means (Table 4.40) indicated that the 

moisture content ranged from 76.31±0.99% to 84.56±1.94%. E5 indicated significantly high 

moisture content 84.56±1.94% followed by E4 (82.34±1.56%) while the least was recorded in 

E1 76.31±0.99%. The moisture content increased as the percentage of pectin increased in all 

bead formulations.  

The current outcomes are in accord with the research investigation of Chabuk and Harsa et al. 

(2015), they encapsulated Lb. acidophilus by using pullulan and whey protein as encapsulating 

material to provide protection from harsh gastrointestinal conditions. They explicated that the 

moisture content of pullulan and whey protein microcapsules was 82.36%. The storage 

stability of a product depends upon its moisture content (Lian et al., 2002; Corcoran et al., 

2004). Similarly, Holkem et al. (2017) delineated that the moisture content of microcapsules 

containing Bifidobacterium Bb-12 prepared from ionic gelation with sodium alginate was 

96.15%. Moisture is an important factor that affects the stability of microcapsules throughout 

the storage (Heidebach et al., 2010). Moisture content and matrix composition is very critical 

aspect regarding cell viability during storage (Hoobin et al., 2013). High water activity and 

moisture content decreases the viability of microorganism during prolonged storage due to 

lipid oxidation of wall materials (Santivarangkna et al., 2008). Low water activity and moisture 

content contribute towards better physical properties of microcapsules, good storage stability 

and probiotics viability (Meng et al., 2008; Golowczyc et al., 2010; Chan et al., 2011).  
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Table 4.39: Mean squares for diameter and moisture content of different bead formulations 

SOV df Diameter 

(mm) 

Moisture 

(%) 

Treatments  4 0.51399* 32.6836* 

Error 10 0.00811 2.8108 

Total 14   

* = Significant (p < 0.05) 

 

 
 Table 4.40: Means for diameter and moisture content of different bead formulations  

Bead formulations 

 

Diameter 

(mm) 

Moisture 

(%) 

E1 1.38±0.05d 76.31±0.99c 

E2 1.74±0.08c 78.26±2.03bc 

E3 2.03±0.08b 79.14±1.66bc 

E4 2.25±0.11ab 82.34±1.56ab 

E5 2.42±0.10a 84.56±1.94a 

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

E1= 100% whey protein concentrate  

E2= 75% whey protein concentrate + 25% pectin   

E3= 50% whey protein concentrate + 50% pectin 

E4= 75% whey protein concentrate + 25% pectin  

E5= 100% pectin  
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4.9.6.4. Color (L*, a* and b* values) 

Color is an important factor to be considered in the development of a new product. The utmost 

care is taken in the selection of constituents so that the consumers acceptability towards a 

product not affect negatively. Color of a food product affected due to its ingredients color. In 

present investigations, color of beads provided an important information about its use and 

application in food products. The mean squares (Table 4.41) illustrated that the color tonality 

of beads containing B. longum differed significantly (p<0.05) with respect to the color of 

encapsulating material.  

The means (Table 4.42) indicated a significant difference (p < 0.05) among the color values 

(L* = 88.60 to 88.93, a* = 0.06 to 0.08 and b* = 13.56 to 13.63) for all the treatments. The L* 

value of all the bead formulations were high due to lighter color of whey protein except E5. E5 

contained citrus pectin which displayed comparatively yellowish color. All the beads showed 

negative value for a* parameter except E5 which showed positive value. With respect to 

parameter b*, all the beads exhibited positive value indicating a tendency of yellow color. b* 

value increased as the ratio of citrus pectin increased consequently, the yellow color intensity 

increased. This results were expected because citrus pectin shows a hue between creamy to 

yellow color and contributes towards yellowish intensity. Therefore, if whey protein 

concentrates and pectin beads incorporated into food product, they least interfere with the 

product color characteristics. Hence, it could be concluded from the present information that 

the wall materials significantly (p<0.05) color of all the bead formulations. Color of 

encapsulated beads is important parameter to determine the quality and acceptability of a 

probiotics product. Color affects the appearance and consumer choice of a product. Color of 

final product depends upon the color of its ingredients (Holkem et al., 2016). 

4.9.6.5. Textural properties of beads 

Textural properties are very much important for utilization of encapsulated B. longum BL-05 

in the development of product. The mean squares (Table 4.43) regarding textural properties of 

beads illustrated that hardness and resilience differed significantly (p<0.05) with respect to 

encapsulating material. While cohesiveness and springiness represented non-significant results 

(p>0.05).  
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Table 4.41: Mean squares for Color (L*, a*, b*) values of different bead formulations  

SOV df L* a* b* 

Treatments  4 6.79652* 1.32871* 7.41849* 

Error 10 0.02596 0.05207 0.02594 

Total 14    

* = Significant (p < 0.05) 

 

 Table 4.42: Means for color (L*, a*, b*) values of different bead formulations 

Bead formulations L* a* b* 

E1 90.99±0.14b -0.53±0.03c 6.89±0.22d 

E2 91.34±0.02b -0.61±0.01d 8.14±0.10c 

E3 92.31±0.28a -0.58±0.02cd 10.15±0.12b 

E4 92.54±0.13a -0.37±0.04b 6.89±0.22d 

E5 88.76±0.09c 0.96±0.01a 10.75±0.07a 

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

L*: lightness; a*: redness; b*: yellowness 

E1= 100% whey protein concentrate  

E2= 75% whey protein concentrate + 25% pectin   

E3= 50% whey protein concentrate + 50% pectin 

E4= 75% whey protein concentrate + 25% pectin  

E5= 100% pectin  
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The means (Table 4.44) exhibited that hardness, cohesiveness, springiness and resilience 

increased with increased concentration of pectin. The maximum values for hardness, 

cohesiveness, springiness and resilience were 2.14±0.09 N, 0.87±0.03 N, 0.99±0.04 N and 

0.67±0.02 N respectively were observed in E5. While the minimum values for hardness, 

cohesiveness, springiness and resilience were observed in E1 beads 0.54±0.02 N, 0.81±0.03 N, 

0.90±0.03 N and 0.47±0.02 N respectively. There was a gradual increase in the values of 

hardness, cohesiveness, springiness and resilience as the concentration of pectin increased 

from E2 to E5. The softer texture of E1, E2, E3, and E4 could be attributed to the presence of 

whey protein concentrate.  

The current outcomes are in concord with the verdict of Chotika and Sathivel et al. (2016), 

they expounded that the beads containing rice bran had softer texture as compared to beads 

which contained only pectin. Pectin based beads have high value of hardness, springiness and 

cohesiveness as compared to pectin and rice bran beads. Similarly, Sandoval-Castilla et al. 

(2010) explicated the textural property by using alginate/pectin as encapsulating agent for Lb. 

casei through extrusion. The values recorded for hardness, cohesiveness, springiness, 

resilience were (0.45±0.01 to 2.08±0.20 N), (0.81±0.02 to 0.89±0.01), (0.89±0.02 to 

0.99±0.03) and (0.44±0.01 to 0.64±0.02) respectively. The results explicated that alginate 

beads exhibited less values for hardness, cohesiveness, springiness and resilience as compare 

to pectin beads. The beads contained whey protein concentrate have smooth and soft texture. 

The protein is broken up by the action of water and acts as a lubricant by providing softness 

and smoothness to the beads (Liu et al., 2008). Likewise, the fat present in whey also acts as a 

lubricant, by changing the gel firmness, as a result break down forces diminished (Pereira et 

al., 2006). However, fat also increases viscosity of gel by changing lubrication properties as a 

result of low friction coefficient (Chojnicka et al., 2012). Sala et al., (2009) stated that gel 

textural properties also depend on type of wall materials used for encapsulation and as the 

viscosity increases gel deformation decreases. The textural properties of beads are affected due 

to wall materials type, concentration, composition and combination.  Additionally, the 

difference in the beads texture occurred due to cross linkage and polymer reaction between 

calcium-alginate-pectinate, calcium-alginate, calcium-pectinate and protein-pectinate. By 

varying the ratio of different biopolymer resulted variation in mechanical, physical and textural 

properties of beads (Sandoval-Castilla et al., 2010). 



 

129 
 

Table 4.43: Mean squares for textural properties of different beads formulations 

SOV df Hardness 

(N) 

Cohesiveness 

(Ratio) 

Springiness 

(Ratio) 

Resilience 

(Ratio) 

Treatments  4 1.46976* 0.00156NS 0.00429NS 0.01695* 

Error 10 0.00380 0.00140 0.00187 0.00066 

Total 14     

* = Significant (p < 0.05) 

NS = Non-Significant (p > 0.05) 

 
Table 4.44: Means for textural properties of different beads formulations  

Beads 

formulation 

Hardness (N) Cohesiveness 

(Ratio) 

Springiness 

(Ratio) 

Resilience (Ratio) 

E1 0.54±0.02d 0.81±0.03 0.90±0.03 0.47±0.02d 

E2 0.74±0.03c 0.83±0.04 0.96±0.04 0.53±0.02cd 

E3 0.86±0.03c 0.85±0.03 0.98±0.04 0.58±0.03bc 

E4 1.76±0.08b 0.83±0.04 0.99±0.05 0.60±0.03b 

E5 2.14±0.09a 0.87±0.03 0.99±0.04 0.67±0.02a 

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

E1= 100% whey protein concentrate  

E2= 75% whey protein concentrate + 25% pectin   

E3= 50% whey protein concentrate + 50% pectin 

E4= 75% whey protein concentrate + 25% pectin  

E5= 100% pectin  
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4.10. Compositional analysis and mineral profile of oat and barley 

Oat and barley were evaluated for moisture, ash, crude fiber, crude fat, crude protein and 

nitrogen free extract (NFE) (Table 4.45). The means indicated that the moisture, ash, crude 

fiber, crude fat, crude protein and nitrogen free extract (NFE) were 7.80±0.32%, 3.79±0.17%, 

2.43±0.10%, 5.15±0.09%, 13.40±0.57%, 67.43±2.76% respectively in oat flour. While the 

values recorded for moisture, ash, crude fiber, crude fat, crude protein and nitrogen free extract 

(NFE) in barley flour were 9.98±0.40%, 2.14±0.09%, 6.51±0.28%, 2.28±0.04%, 11.45±0.49% 

and 67.64±2.77% respectively. The mineral content (Table 4.46) recorded for oat flour were 

56±1.84 mg/100g (calcium), 6.10±0.25 mg/100g (sodium), 426±10.65 mg/100g (phosphorus), 

374±8.60 mg/100g (magnesium), 176±3.69 mg/100g (potassium), 3.70±0.17 mg/100g (zinc), 

1.36±0.06 mg/100g (copper), 4.70±0.23 mg/100g (manganese) and 3.70±0.16 mg/100g (iron). 

Likewise, the mineral content (Table 4.46) demarcated for barley flour were 31±1.02 mg/100g 

(calcium), 13±0.53 mg/100g (sodium), 260±6.50 mg/100g (phosphorus), 131±3.01 mg/100g 

(magnesium), 456±9.57 mg/100g (potassium), 2.71±0.12 mg/100g (zinc), 0.43±0.01 mg/100g 

(copper), 1.99±0.09 mg/g (manganese) and 3.40±0.15 mg/g (iron). 

The findings of current study are concord with previous investigations with minor differences 

owed by varieties and environmental conditions. Ahmad et al. (2009) explicated proximate 

composition of oat cultivar (Avon) and expounded that the moisture, crude protein, crude fat, 

crude fiber and ash were 7.67%, 13.27%, 5.18%, 2.45% and 3.81% respectively.  The current 

outcomes are in consensus with the verdict of Din et al. (2009), they elucidated compositional 

analysis of barley and demarcated that the moisture, crude protein, crude fat, crude fiber and 

ash were 9.98, 11.65%, 2.31%, 6.75% and 2.22% respectively. Similarly, Drakos et al. (2017) 

documented that the moisture, protein, fat and ash were 11.53%, 9.52%, 6.14% 1.15% 

respectively in barley. Likewise, Baik and Ullrich (2008) elucidated that whole barley grain 

consists of 8 to17% protein, 3.6 to 9% β-glucans, 2 to 3% lipids and 1.5 to 3% minerals. 

However, difference in composition might be due to differences in genotypes, cultivars, 

environment and analytical procedure. Cereals (wheat, oat, barley and rye) are the primary 

source of β-glucans in human diet (Wood, 2007). Among cereal grains, oat and barley 

contribute highest β-glucan content ranging 2-7.5% in oat and 2-11% in barley (Demirbas, 

2005). 
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 Table 4.45: Chemical composition of oat and barley flour 

Parameter Oat (%) Barley (%) 

Moisture  7.80±0.32 9.98±0.40 

Ash 3.79±0.17 2.14±0.09 

Crude fiber 2.43±0.10 6.51±0.28 

Crude fat 5.15±0.09 2.28±0.04 

Crude protein 13.40±0.57 11.45±0.49 

NFE 67.43±2.76 67.64±2.77 

Values are expressed as mean + SD (n=3) 

 

 Table 4.46: Mineral profile of oat and barley flour 

Minerals contents Oat (mg/100g) Barley (mg/100g) 

Ca 56±1.84 31±1.02 

Na 6.1±0.25 13±0.53 

P 426±10.65 260±6.50 

Mg 374±8.60 131±3.03 

K 176±3.69 456±9.57 

Zn 3.7±0.17 2.71±0.12 

Cu 1.36±0.06 0.43±0.01 

Mn 4.7±0.23 1.99±0.09 

Fe 3.7±0.16 3.4±0.15 

Values are expressed as mean + SD (n=3) 
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The outcomes of current study are in consensus with the verdict of Ahmad et al. (2014), they 

reported mineral content in oat i.e. Ca (54 mg/100g), Fe (5 mg/100g), Mn (177 g/100g) and K 

(429 mg/100g). Butt et al. (2008) also reported oat mineral content Ca, P, Fe, Zn were 60%, 

372%, 3.8% and 3.9% respectively. Youssef et al. (2016) expounded mineral content in barley 

as Ca (54.70 mg/100g), Mg (120.67 g/100mg), Na (5.35 g/100mg), K (350 g/100mg), P 

(472.57 g/100mg), Fe (13.76 g/100mg), Mn (4.42 g/100mg), Cu (1.33 g/100mg) and Zn (3.44 

g/100mg). Newman and Newman (2008) explicated mineral content in barley and documented 

Ca (33 g/100mg), Mg (133 g/100mg), P (264 g/100mg), K (452 g/100mg), Na (12 g/100mg), 

Cu (0.49 g/100mg), Fe (3.6 g/100mg), Zn (2.77 g/100mg) and Mn (1.94 g/100mg). Barley 

contains 2-3% mineral content which is mostly present in pericarp, embryo and aleurone 

regions. The most abundant macro elements found in barley are P, K and Si while Fe, Mn and 

Zn are among the micro elements. Embryo contains high content of Mn (>30%) while aleurone 

had the highest concentration of Mg. Zn, Cu and Fe distributed in the ventral side as compared 

to dorsal side (Marconi et al., 2000).  

4.11. Phytochemical screening  

Phytochemicals are non-nutritional compounds derived from plants. They have several 

protective and disease preventing health benefits i.e. helpful in the prevention and treatment of 

chronic heart diseases, hypertension, diabetes, cancer, etc (Surh, 2003). A wide range of 

phytochemicals are present in oat and barley grains. The results presented in Table 4.47 

revealed that total phenolic content (TPC) in oat & barley was 0.68±0.03 mg GAE/g, 17.2±0.75 

mg GAE/g and DPPH for oat & barley was 0.72±0.02% and 23.87±0.57% respectively.  

Sandhu et al. (2017) evaluated the effect of roasting on physical, functional and antioxidant 

properties of five oat cultivars. They explicated that TPC & DPPH varied significantly among 

different oat verities ranging from 1744 to 2687 µg GAE/g & 11.9% to 15.3% respectively.  

Similarly, Chen et al. (2018) expounded phenolic content, antioxidant activity and anti-

proliferative capacity of nine oat varieties. The results elucidated that TPC varied significantly 

ranging from 52.82 to 64.57 mg GAE/100 g of dry weight. Likewise, Zhao et al. (2010) 

investigated TPC of nine oat verities ranging from 239 to 662 mg GAE/g. Walters et al. (2018) 

demarcated phenolic acids and antioxidant activity of oats. The results depicted that TPC of 

aqueous methanol (MeOH-H2O) extracts were ranging from 318.8 to 890.7 mg GAE/g while 

for ethyl acetate (EtOAc) extracts 62.2 to 119.9 mg GAE/g. In another study, TPC of eight 
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barley verities ranged from 3070 to 4439 µg FAE/g (Sharma and Gujral, 2010). Madhujith and 

Shahidi (2009) also stated that the TPC in barley was 2.63 to 4.51 mg of ferulic acid equivalents  

(FAE)/g. Bonoli et al. (2004) documented TPC in barley as 0.18 to 0.68 mg GAE/g flour. 

Sharma (2012) expounded that antioxidant activity (17-24%) in barley flour was higher than 

other cereal gains. The difference in TPC and antioxidant might be due to extraction, solvent, 

difference in extraction method, varietal differences, genetic variation, environmental 

conditions, degree of ripeness and testing methods (Xu and Chang, 2012).  

Phenolics are non-nutritive secondary metabolites synthesized by crops and are important for 

human health due to several biological functionalities i.e. antioxidant, anti-inflammatory, 

modulation of immune system, prevention against cardio-vascular diseases, diabetes, cancer 

etc (Fagerlund et al., 2009). Oat is very important cereal grain that contains many 

phytochemicals with antioxidant activity i.e. phenolic acids, flavonoids, tocols and phytic acid 

(Chen et al., 2018). The barley grains contained higher phenolic content as compared to oat 

and wheat (Zielinski and Kozlowska, 2000; Zilic et al., 2011). There is a strong relationship 

between phenolic compounds and antioxidant activity of cereal grains. Phenolic compounds 

are widely accounted for antioxidant capacity in oat and barley (Zielinski and Kozlowska, 

2000; Deng et al., 2012). Barley is very good source of phenolic compounds and has a strong 

antioxidant activity as compared to other cereal grains. Phenolic compounds may be free or in 

bound form i.e. benzoic acid, cinnamic acid, quinines, chalcones, flavonols, flavones, 

flavanones, amino phenolic compounds and pro-anthocyanidins (Shahidi, 2009). 

4.12. Prebiotic screening of oat and barley flour 

Cereal grains specially oat and barley act as non-digestible carbohydrates, utilized by gut 

microbiota as potential prebiotics for their growth and activity. “Synbiotic” is defined as 

combination of probiotics and prebiotics which is a novel approach to improve host’s health. 

The means presented in Table 4.48 revealed that B. longum survived well at temperature 37oC 

in the presence of oat and barley extract as compared to 25oC. Table 4.49 illustrated that B. 

longum BL-05 was able to grow at 4, 5, 6 and 7 pH but growth was high at pH 6-7. B. longum 

BL-05 was able to grow well in the presence of oat and barley extract under refrigeration 

conditions (Table 4.50). It is illustrated from mean squares (Table 4.51, Table 4.54) that B. 

longum BL-05 showed significant (p<0.05) results when exposed to bile salt and SGJ as well 

as their interaction. 
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The means regarding bile salt tolerance of B. longum BL-05 in the presence of oat and barley 

(Table 4.52, Table 4.53) illustrated that the values for viability of B. longum BL-05 in oat 

samples ranged from 7.48±0.33 to 8.55±0.35 CFU/mL and in barley samples 6.51±0.10 to 

8.49±0.22 CFU/mL after 240 min of incubation. There was a significant reduction in the viable 

count in of oat control samples from 8.67±0.36 to 5.17±0.09 CFU/mL and from barley control 

samples 8.57±0.35 to 5.46±0.15 CFU/mL. While the samples in which oat and barley extract 

used exhibited minimum reduction (< 1 log CFU/mL). In this way, oat and barley act as a 

substrate for the growth and activity of B. longum BL-05. The means regarding tolerance to 

simulated gastric juice in the presence of oat and barley (Table 4.55, Table 4.56) explicated that 

the viability of B. longum BL-05 in oat samples ranging from 6.51±0.28 to 8.49±0.22 CFU/mL 

and in barley samples 6.92±0.09 to 8.34±0.30 CFU/mL. There was a significant reduction in 

the viable count in case of oat control samples 8.78±0.36 to 2.46±0.09 CFU/mL and from 

8.67±0.18 to 2.21±0.06 CFU/mL in case of barley control samples. The samples in which oat 

and barley used as a substrate exhibited minimum reduction and the cell count was above the 

recommended probiotics requirement (> 6 log CFU/mL).  

The outcomes of current study are in close harmony with the research investigations of 

Revathy et al. (2011), they demarcated that the growth of probiotics in presence of oat, barley 

and wheat as a prebiotic. The results explicated that growth of Lactobacillus at 37oC is more 

as compared to 25oC because most of probiotic enzymes were activated at body temperature. 

They also stated that maximum growth was found at pH 6 and in the presence of barley, 

probiotics showed more growth followed by oat and wheat. The Lactobacillus were able to 

survive well at refrigeration conditions in the presence of oat and barley as prebiotics. They 

documented similar results that the probiotics exhibited more growth in the presence of barley 

as compared to rest of two prebiotics (oat and wheat). Oat and barley is a excellent source of 

β-glucans, so probiotics survive well in refrigeration conditions in the presence of prebiotics.  

Similarly, Kalpa and Preetha (2016), investigated the effect of different prebiotics (corn, oats, 

oat bran and asparagus) on the growth and activity of Lactobacillus species. They explicated 

that oat can be used potential prebiotics that pass through the upper part of the gastro-intestinal 

tract and selectively promote the growth of colonic bacteria. Likewise, Patel et al. (2004) 

evaluated the effect of malt, wheat and barley extracts as potential prebiotic on Lb. reuteri, Lb. 

acidophilus and Lb. plantarum in the presence of 2% bile salt. All the strains exhibited good 
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Table 4.47: Phytochemical screening of oat and barley flour 

Parameter TPC (mg GAE/g) DPPH (%) 

Oat  0.68±0.03 17.2±0.75 

Barley  0.72±0.02 23.87±0.57 

Values are expressed as mean + SD (n=3) 

 

Table 4.48: Growth of B. longum in the presence of prebiotics (oat and barley) at different 

temperature 

Temperature  Oat Barley 

25oC + + 

37oC ++ ++ 

(+) = Good growth 

(++) = Excellent growth 

Table 4.49: Growth of B. longum in the presence of prebiotics (oat and barley) at different pH 

pH Oat Barley 

4 + + 

5 + + 

6 ++ ++ 

7 ++ ++ 

(+) = Good growth 

(++) = Excellent growth 
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Table 4.50: Growth of B. longum in the presence of prebiotics (oat and barley) under 

refrigeration condition (4oC) 

Temperature  Oat Barley 

4oC + + 

(+) = Good growth 

 

Table 4.51: Mean squares for effect of oat and barley as prebiotics on viable count of B. 

longum in the presence of bile salt   

SOV df Oat Barley 

Treatments (A) 1 3.5971* 2.8519* 

Incubation time (B) 1 15.6637* 10.5469* 

A x B 1 4.4287* 4.5757* 

Error 8 0.1004 0.0521 

Total 11   

* = Significant 
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Table 4.52: Means for the effect of oat as prebiotics on viable cell count (CFU/mL) of B. 

longum in the presence of bile salt  

 Incubation time (min) Means 

 0 240  

Control  8.67±0.36a 5.17±0.09c 6.92±0.21b 

Oat extract  8.55±0.35a 7.48±0.33b 8.02±0.01a 

Means 8.61±0.03a 6.32±0.16b  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

 

Table 4.53: Means for the effect of barley as prebiotics on viable cell count (CFU/mL) of B. 

longum in the presence of bile salt  

 Incubation time (min) Means 

 0 240  

Control  8.57±0.35a 5.46±0.15c 7.02±0.13b 

Barley extract 8.31±0.22a 7.67±0.10b 7.99±0.08a 

Means 8.44±0.08a 6.56±0.03b  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 
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Table 4.54: Mean squares for effect of oat and barley as prebiotics on viable cell count of B. 

longum in the presence SGJ (pH 2) 

SOV df Oat Barley 

Treatments (A) 1 10.6032* 14.3883* 

Incubation time (B) 1 51.6675* 46.5708* 

A x B 1 14.1267* 19.0512* 

Error 8 0.0692 0.0355 

Total 11   

* = Significant 

 

Table 4.55: Means for the effect of oat as prebiotics on the viable count (log CFU/mL) of B. 

longum in the presence of SGJ (pH 2) 

 Incubation time (min) Means 

 0 180  

Control  8.78±0.35a 2.46±0.32b 5.62±0.01a 

Oat extract 8.49±0.39a 6.51±0.09c 7.50±0.21b 

Means  8.630.03a 4.48±0.16b  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 
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Table 4.56: Means for the effect of barley as prebiotics on the viable count (log CFU/mL) of B. 

longum in the presence of SGJ (pH 2) 

 Incubation time (min) Means 

 0 180  

Control  8.67±0.18a 2.21±0.06c 5.44±0.02b 

Barley extract 8.34±0.30a 6.92±0.09b 7.63±0.08a 

Means  8.50±0.08a 4.56±0.14b  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 
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survival in the presence of prebiotics as compared to control (without prebiotics). Among them 

Lb. acidophilus presented maximum tolerance to bile salt. Tolerance of Lb. acidophilus 

improved significantly in the presence of malt (2.46 CFU/mL) followed by wheat (2.45 

CFU/mL) and barley extract (2.40 CFU/mL). It was concluded that cereals extract had a 

protective effect which reduces toxic effect of bile salt. Likewise, Michida et al. (2006) 

expounded the effect of cereal extract (malt and barley) on the growth and viability of Lb. 

plantarum under gastrointestinal conditions (gastric juice and bile salt). The results explicated 

that cereals extract improve tolerance & viability of probiotics when exposed to gastric juice 

and bile salt conditions.  

β-glucans are water soluble dietary fiber present in many cereal grains (oat, barley, sorghum, 

wheat, triticale and rice). It is found in the cell wall of aleurone and sub-aleurone layer of 

cereals (Holtekjolen et al., 2006; Mayo et al., 2008). Additionally, β-glucans are highly 

fermentable substrate for intestinal microbiota and stimulate the growth as well as activity of 

microorganisms by the production of lactic acid (Blaut, 2002; Snart et al., 2006; Kedia et al., 

2008). In this regard, β-glucans act as a prebiotics and the mixture/combination of probiotics 

and prebiotics is called synbiotics. In this mixture prebiotics act as food for probiotics, 

improving the growth and survival of probiotics in GIT (Sims et al., 2014). Synbiotics provide 

synergistic effect of probiotics and prebiotics, improving colonization of probiotics in the 

presence of prebiotics. Synbiotic is more effective approach than probiotics and prebiotics 

alone in improving health of patients suffering from ulcerative colitis, cancer and many other 

diseases (Liong, 2008; Fujimori et al., 2009). 

Prebiotics are non-digestible food ingredient which selectively stimulate the growth of 

probiotics in GIT (Gibson et al., 2004). This effect improves the survival and growth of 

Lactobacillus and Bifidobacterium. Bifidobacterium strains are more resistant to harsh 

conditions of gastrointestinal tract. Recently various health benefits are recorded in this context 

i.e. improving gut health, maintaining microbial balance, improving immune system, cancer 

prevention, assimilation of cholesterol, reducing risk of cardiovascular diseases, production of 

antimicrobial compounds, resolving the problem of constipation and obesity (Patel and Goyal, 

2012). Cereals are most suitable fermentable substrate (prebiotics) for the development of 

novel cereal based probiotics (Lactobacillus and Bifidobacterium) products (Rozada-Sanchez 

et al., 2008). Addition of cereal extract aided in the growth and survival of probiotics in the 
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presence of gastric juice and bile salt. Cereals grans contains un-digestible carbohydrates i.e. 

β-glucans, resistant starch, stachyose, fructo-oligosaccharides and raffinose 

(Charalampopoulos et al., 2002) which protect from bile salt (Perrin et al., 2000). 

4.13. Physicochemical analysis of cereals based synbiotic beverage  

4.13.1. pH 

pH is negative log of hydrogen ion concentration. In lactic acid fermentation, pH decreases as 

the storage time increases due to production organic acids by lactic acid bacteria (LAB). The 

mean squares (Table 4.57) explicated that pH of cereals based synbiotic beverage differed 

significantly (p<0.05) with respect to treatments and storage time. However, non-significant 

interaction was observed. 

The means given in Table 4.58 depicted that pH range was 3.87±0.08 to 4.67±0.02 among 

different treatments during storage. The pH varied significantly among the treatments and 

maximum pH was recorded in T1 (4.67±0.02) followed by T2 (4.61±0.03) while the minimum 

value was observed in T1 (4.48±0.01). The storage time also revealed a significant impact on 

pH exhibiting a decreasing trend as the storage progressed. Maximum pH was witnessed at 0 

day while the least was recorded after 28 days. The pH decreased as storage time increased in 

all the fermented beverage treatments and the lowest pH (3.87±0.08) was observed in T5, 

followed by T4 (3.91±0.01) after 28 days of storage. 

The outcomes of present study are in consensus with the verdict of Coda et al. (2012a), they 

developed yogurt like beverages by using a mixture of cereals (emmer, barley, oat, rice) along 

with soy and grape juice. The results explicated that the values of pH ranged from 3.72±0.15 

to 4.03±0.17. Similarly, Agil and Hosseinian (2012) used triticale bran as prebiotics in the 

development of yoghurt like beverage and evaluated effect of prebiotic on physicochemical 

properties of product. The results illuminated that pH decreased gradually to 4.5 with 28 days 

of storage. Acidity of triticale samples increased as compared to control because bacteria 

utilized triticale bran as a potential prebiotic. Consequently, yogurt pH decreased and acidity 

increased due to production of lactic acid. Recently, Adinsi et al. (2017) developed and 

analyzed the quality parameter of fermented cereal based beverages developed from maize and 

sorghum. The outcomes expounded that the pH ranged from 3.6±0.2 to 4.1±0.1 among all the 

cereal based fermented beverages. Likewise, Matejcekova et al. (2017) developed probiotic 
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 Table 4.57: Mean squares for physicochemical analysis of cereals based synbiotic beverage  

SOV df pH Titratable 

acidity 

TSS Vitamin C 

Treatments (A) 4 0.08551* 0.39234* 0.06064* 0.09620* 

Storage time (B) 4 0.91990* 0.05316* 3.66350* 0.40832* 

A x B 16 0.00096NS 0.00113NS 0.00055NS 0.00205NS 

Error 50 0.00307 0.00068 0.00240 0.00182 

Total 74     

* = Significant (p < 0.05) 

NS = Non-Significant (p > 0.05) 

 

 Table 4.58: Means for pH of cereals based synbiotic beverage during storage 

Treatments Storage time (days) Means 

 0 7 14 21 28  

T1 4.67±0.02 4.51±0.05 4.37±0.01 4.21±0.07 4.00±0.05 4.35±0.02a 

T2 4.61±0.03 4.45±0.04 4.29±0.04 4.17±0.05 3.98±0.07 4.30±0.01ab 

T3 4.58±0.01 4.42±0.07 4.25±0.05 4.11±0.07 3.96±0.01 4.26±0.03bc 

T4 4.53±0.08 4.37±0.06 4.20±0.04 4.07±0.08 3.91±0.01 4.21±0.02c 

T5 4.48±0.01 4.31±0.02 4.15±0.03 3.97±0.06 3.87±0.08 4.15±0.02d 

Means 4.57±0.02a 4.41±0.02b 4.25±0.01c 4.10±0.02d 3.94±0.03e  

Values are expressed as mean + SD (n=3) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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co-culture fermented product from buckwheat and documented that pH decreased as the 

storage time increased.   

pH is very important physicochemical parameter to determine the safety and quality of 

fermented beverages. pH is directly related to microbiological stability of a product against 

food borne pathogens because the pH value below 3.8 inhibits the growth of food spoilage 

bacteria (Battey and Schaffner, 2001; Salmeron et al., 2014). Previous studies reported that in 

cereal based fermented beverages, pH below 3.5 can be easily achieved by using 1% (v/v) 

inoculum of Lb. plantarum and Lb. acidophilus. The pH (3.5-4.0) has been reported to impede 

the growth of enterobacteriaceae and other pathogens. However, pH < 3.7 inhibits the growth 

of coliforms (Muyanja et al., 2003). Fermented food products with pH 3.5-4.5 helps to increase 

the pH of GIT and improve the survival of the probiotics (Kailasapathy and Chin, 2000; Zarate 

et al., 2000). pH also influences the acceptability and organoleptic characteristics of a product. 

In case of lactic acid fermented beverages, the pH ranged 3.0-4.5, but as far as the consumer 

acceptability is concerned it should be greater than 3.5 (Salmeron et al., 2015). 

4.13.2. Titratable acidity (TA) 

Acidity is expressed as total percentage of lactic acid production. The production of acid 

increases as the storage time increases. In lactic acid fermented products, lactic acid is 

produced by the action of lactic acid bacteria. The mean squares (Table 4.57) explicated that 

acidity of cereals based synbiotic beverage differed momentously (p<0.05) with respect to 

treatments and storage time. However, non-momentous interaction was witnessed.  

The means given in  

Table 4.59 depicted that acidity ranged from 0.34±0.01 to 0.90±0.04% among different 

treatments during storage. The acidity varied significantly among the treatments and maximum 

acidity value was recorded in T5 (0.45±0.02%) followed by T4 (0.43±0.02%) while the 

minimum acidity was found in T1 (0.34±0.01%). The storage time also revealed a significant 

impact on acidity exhibiting increasing trend as the storage progressed. Maximum acidity was 

noted after 28 days followed by 21 days of storage while least acidity was observed at 0 day. 

The acidity increased as the storage proceeded in all the fermented beverage treatments and 

maximum acidity (0.90±0.04%) was observed in T5, followed by T4 (0.87±0.04%) after 28 

days. 
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The results of current study are in close harmony with the research finding of Salmeron et al. 

(2015), they developed probiotic cereals (malt, oat and barley) based beverages and evaluated 

their physicochemical properties. The results explicated that titratable acidity (TA) was higher 

in barley based beverage (0.08-0.12%) as compared to oat based beverages (0.04-0.07%). 

Similarly, Ray et al. (2016) developed traditional fermented beverage from barley, wheat, rice 

and sorghum. They recorded TA in the range of 0.35 to 0.44% among all the treatments. 

Recently, Akin and ozcan, (2017) prepared fermented milk beverages by using soy protein 

isolate, pea protein isolate, wheat gluten and rice protein. They also studied physicochemical 

and sensory properties along with storage. They reported that due to the activity of probiotics, 

pH decreased and acidity increased throughout the storage. The differences in acidity values 

among different substrates is due to the distinct amounts of sugars available within these 

substrates which are mainly transformed to organic acids by lactic acid bacteria, consequently, 

lowering the pH and increasing the acidity (Salmeron et al., 2015). 

The trend of pH is opposite to the trend of tiratable acidity i.e. as the pH decreased, acidity 

increased. Temperature and fermentation time also affect physicochemical properties of a 

product. The prolonged fermentation results in low pH and higher titratable acidity (Altay et 

al., 2013). The required pH and acidity results can easily be achieved in a very short time by 

using co-culture fermentation. The use of more than one or combined cultures have lower pH 

and higher titratable acidity values than single cultures. The titratable acidity increased from 

0.06% to 0.48% after 24 h of fermentation with co-culture fermentation (Do Amaral Santos et 

al., 2014). pH and total titratable acidity contributes towards the acidic taste of fermented 

cereal beverages (Coda et al., 2011). The fermentation also has preservative effect due to 

production of antimicrobial substances and high acidity values due to production of organic 

acids (Arici and Daglioglu, 2002).  

4.13.3. Total soluble solids (TSS) 

Sugar is utilized by LAB and Bifidobacterium to produce lactic acid as a result acidity increase, 

pH and TSS decreases. The mean squares (Table 4.57) presented that total soluble solids of 

cereals based synbiotic beverage differed momentously (p<0.05) with respect to treatments 

and storage time. However, non-momentous interaction was observed.  
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Table 4.59: Means for titratable acidity (%) of cereals based synbiotic beverage during storage 

Treatments                                  Storage time (days)  Means 

 0 7 14 21 28  

T1 0.34±0.01 0.42±0.02 0.51±0.01 0.67±0.02 0.71±0.01 0.53±0.01e 

T2 0.36±0.01 0.47±0.01 0.57±0.02 0.69±0.03 0.74±0.01 0.56±0.01d 

T3 0.39±0.02 0.51±0.02 0.60±0.01 0.71±0.03 0.79±0.03 0.60±0.01c 

T4 0.43±0.02 0.56±0.03 0.64±0.03 0.73±0.01 0.87±0.04 0.64±0.01b 

T5 0.45±0.02 0.58±0.02 0.69±0.02 0.77±0.01 0.90±0.02 0.67±0.01a 

Means 0.39±0.01e 0.50±0.01d 0.60±0.01c 0.71±0.01b 0.80±0.01a  

Values are expressed as mean + SD (n=3) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 

Table 4.60: Means for TSS (oBrix) of cereals based synbiotic beverage during storage 

Treatments                                  Storage time (days) Means 

 0 7 14 21 28  

T1 0.69±0.02 0.64±0.03 0.62±0.01 0.58±0.02 0.56±0.01 0.61±0.01e 

T2 0.98±0.03 0.96±0.03 0.89±0.02 0.85±0.03 0.81±0.01 0.89±0.01d 

T3 1.25±0.05 1.21±0.04 1.19±0.02 1.15±0.04 1.07±0.05 1.17±0.01c 

T4 1.76±0.06 1.73±0.07 1.69±0.06 1.64±0.03 1.60±0.08 1.68±0.02b 

T5 1.84±0.07 1.80±0.07 1.76±0.05 1.74±0.02 1.67±0.03 1.76±0.02a 

Means 1.30±0.02a 1.26±0.02ab 1.23±0.01bc 1.19±0.01cd 1.14±0.03d  

Values are expressed as mean + SD (n=3) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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The means given in Table 4.60 illustrated that total soluble solids ranged from 0.56±0.01 to 

1.84±0.07 oBrix among different treatments during storage. The total soluble solids varied 

significantly among different beverage treatments and the maximum total soluble solids were  

recorded in T5 (1.84±0.07 oBrix) followed by T4 (1.76±0.06 oBrix) while the least were found 

in T1 (0.69±0.02 oBrix). The storage time also revealed a significant impact on total soluble 

solids exhibiting a decreasing trend as the storage progressed. Maximum TSS were 

documented at 0 day followed by 7 days of storage while minimum total soluble solids were 

reported after 28 days. The total soluble solids decreased as storage time increased in all the 

treatments and minimum total soluble solids (0.56±0.01 oBrix) were observed in T1, followed 

by T2 (0.81±0.01 oBrix) after 28 days. 

The current results are in accord with the verdict of Salmeron et al. (2015), they developed 

cereal based fermented probiotics beverage from malt, barley and oat. The results demarcated 

that maximum value for TSS was recorded in malt beverage (2.75±0.58 to 3.10±0.12 oBrix) 

followed by barley (0.94±0.06 to 1.76±0.05 oBrix) and oat beverage (0.39±0.01 to 0.64±0.58 

oBrix) after 10 h fermentation. Similarly, Hiwilepo-van Hal et al. (2013) prepared marula juice 

and assessed the effect of temperature-time on physicochemical, antioxidant and total phenols 

content of juice. The results expounded that sugar content decreased from 11.8% to 2.6% as 

the fermentation time increased. Recently, Kaprasob et al. (2017) fermented cashew apple 

juice by using different LAB (Lb. plantarum, Lb. casei and Lb. acidophilus). They stated that 

total sugar, reducing sugar decreases significantly during fermentation and maximum 

reduction in total sugar was found in case of Lb. plantarum as compared to others LAB. Ding 

and Shah (2008) investigated the change in oBrix of orange juice inoculated with free or 

encapsulated probiotics. They elucidated that the oBrix decreases 2.6% in orange juice 

inoculated with free cell and 1.1% in case of encapsulated probiotics after 6 weeks of storage. 

This difference in TSS indicated that free probiotics utilized sugar faster than entrapped 

probiotics.  

During fermentation process, disaccharides are broken down into monosaccharides i.e. glucose 

and fructose by the action of microbial enzymes (Dlamini and Dube, 2008). Oat beverage has 

lower value for TSS as compare to barley beverage. In case of barley, maltose is broken down 

into simple sugar (i.e. glucose) at the end of fermentation. Consequently, the fermented cereal 

based beverages are comparatively low in sugar. The decrease in sugar content during 
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fermentation is not only the bioconversion of sugar into lactic acid but also due to utilization 

of sugar for the growth and metabolic activity of probiotics (Rakin et al., 2007).  

4.13.4. Vitamin C 

The mean squares (Table 4.57) explicated that vitamin C content of cereals based synbiotic 

beverage differed momentously (p<0.05) with respect to treatments and storage time. 

However, non-momentous interaction was observed. 

The means given in Table 4.61 depicted that vitamin C ranged from 0.87±0.04 mg/100g to 

1.51±0.05 mg/100g among treatments during storage. The vitamin C varied significantly 

among different beverage treatments and the maximum vitamin C was recorded in T1 

(1.51±0.05 mg/100g) followed by T2 (1.36±0.03 mg/100g) while the least vitamin C was found 

in T5 (1.07±0.03 mg/100g). The storage time also revealed a significant impact on vitamin C 

exhibiting a decreasing trend as the storage progressed. Maximum vitamin C content was 

recorded at 0 day followed by 7 days of storage while minimum vitamin C content was 

observed after 28 days of storage. The vitamin C content decreased as a function of storage 

time in all the fermented beverage treatments and minimum vitamin C content (0.87±0.04 

mg/100g) was observed in T5, followed by T4 (0.91±0.03 mg/100g) after 28 days of storage. 

The outcomes of present study are in consensus with the verdict of Coda et al. (2012a), they 

developed yogurt like beverages by using emmer, barley, oat, rice along with soy and grape 

juice. They explicated that the vitamin C content were in the range of 2.15 mmol/L to 3.28 

mmol/L. Vitamin C content decreased as the fermentation time increased. Similarly, Moldovan 

et al. (2011) expounded that germination of cereal grains increases vitamin C content. They 

demarcated that vitamin C content in oat grain (4.4-4.7 mg/100g) was more after germination 

as compare to barley grains (3.5-4.5 mg/100g). Vitamin C is well known and most abundant 

antioxidant in plants. In liquids vitamin C act as a reducing agents and prevent from oxidation 

(Mcgregor et al., 2006). Vitamin C also give protection to the plant from adverse 

environmental conditions such as drought stress and UV radiations. In plants ascorbic acid can 

be synthesis through mixed fermentation. GDP-galactose phosphorylase is the enzyme involve 

in the synthesis of vitamin C. There are a number of factors effects the content of vitamin c in 

plants are soil, climate, time of harvesting, developmental phase, storage, fermentation 

conditions and etc (Moldovan et al., 2011).  
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4.13.5. Viscosity 

Viscosity is the measure of resistance to flow and expressed in poise, centipoises (cP) and 

Pascal (Pa). The mean squares (Table 4.62) explicated that viscosity of cereals based synbiotic 

beverage differed momentously (p<0.05) with respect to treatments, storage time as well as 

their interaction. 

The means given in Table 4.63 depicted that viscosity ranged from 660±9.24 to 1047±0.07 

mPa among treatments during storage. The viscosity varied significantly among different 

beverage treatments and maximum viscosity was recorded in T5 (1047±13.61 mPa) followed 

by T4 (1010±14.14 mPa) while the least viscosity was found in T1 (871±16.54 mPa). The 

storage time also revealed a significant impact on viscosity exhibiting a decreasing trend as the 

storage progressed. Maximum viscosity was noted at 0 day followed by 7 days of storage while 

least viscosity was witnessed after 28 days. The viscosity decreased as the storage time 

increased in all the fermented beverage treatments and minimum viscosity (660±9.24 mPa) 

was observed in T1, followed by T2 (735±6.61 mPa) after 28. 

The outcomes of current study are in accord with the research investigations of Coda et al. 

(2012a), they developed beverages by using emmer, barley, oat, rice along with soy and grape 

juice. The results delineated that barley based beverage exhibited higher viscosity (1006±18 

mPa) as compared to oat based beverage (700±10 mPa) after 8h of fermentation. They also 

reported that viscosity decreased as the storage time increased but decrease was minimum in 

case of barley based fermented beverage as compared to oat based beverage after 30 days of 

storage. Similarly, Gupta et al. (2010) developed oat based fermented beverage through Lb. 

plantarum and reported viscosity 1000 mPa. Likewise, Walsh et al. (2010) expounded that 

cereal based yoghurt like beverage viscosity should be in the range 500 to 1300 mPa. 

Viscosity is an important physical and sensory parameter regarding juices/beverages. A 

beverage should be drinkable and appealing, neither too much viscous nor too much watery. 

In case of cereal based beverages, viscosity increased due to high content of β-glucans. In oat 

and barley grains, β-glucans are present in high amount as compared to other cereal grains. So, 

increase in viscosity in case of cereal based beverages specially oat and barley was prominent 

even when use in very low amount (Lyly et al., 2004; Papageorgiou et al., 2005). The 

viscoelastic properties of gel changed due to type and concentration of ingredients used in the 

preparation of beverage. Viscosity also changes due to change in pH and acidity of food matrix 
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during fermentation process (Hongsprabhas, 2001). Viscosity decrease as the storage 

proceeded due to increase in acidity and decreases in pH. Phase separation occurs during 

storage of fermented beverages which can be prevented or delayed by increasing total solids 

or incorporation of stabilizer (Remeuf et al., 2003). 

4.13.6. Water holding capacity (WHC) 

Water holding capacity is the capacity of food materials to hold or own water present in their 

matrix, when subjected to various unit operations like homogenization, stirring, centrifugation, 

pressing or heating. The mean squares (Table 4.62) explicated that water holding capacity of 

cereal based synbiotic beverage differed momentously (p<0.05) with respect to treatments and 

storage time. However, non-momentous interaction was documented. 

The means given in Table 4.64 illustrated that water holding capacity ranged from 

65.92±0.71% to 78.41±1.01% among treatments during storage. The water holding capacity 

varied significantly among different beverage treatments and the maximum water holding 

capacity was recorded in T5 (65.92±0.71%) followed by T4 (77.34±1.08%) while the least 

water holding capacity was found in T1 (71.92±1.36%). The storage time also revealed a 

significant impact on water holding capacity exhibiting a decreasing trend as the storage 

progressed. Maximum water holding capacity was recorded at 0 day followed by 7 days of 

storage while least water holding capacity was witnessed after 28 days. The water holding 

capacity decreased as a function of storage in all the fermented beverage treatments and 

minimum water holding capacity (65.92±0.71%) was observed in T1, followed by T2 

(66.76±0.46%) after 28 days.  

The outcomes of current study are in consensus with the verdict of Luana et al. (2014), they 

developed yoghurt like beverage from oat flakes. They expounded that the water holding 

capacity ranged from 48 to 67%. This difference in the water holding capacity was due to 

difference in starter culture, substrate and ingredients. Similarly, Coda et al. (2012a) developed 

beverage by using emmer, barley, oat, rice along with soy and grape juice. They explicated 

that oat and barley based beverage exhibited almost similar water holding capacity 89.3% and 

88.1% respectively after 8h of fermentation. They also reported that water holding capacity 

decreased as the storage time increased. 
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Table 4.61: Means for vitamin C content (mg/100g) of cereals based synbiotic beverage during 

storage 

Treatments                                  Storage time (days) Means 

 0 7 14 21 28  

T1 1.15±0.05 1.42±0.05 1.35±0.04 1.29±0.04 1.21±0.05 1.35±0.11a 

T2 1.36±0.03 1.30±0.04 1.28±0.03 1.24±0.03 1.15±0.05 1.26±0.07b 

T3 1.24±0.05 1.20±0.03 1.18±0.04 1.14±0.03 1.11±0.03 1.17±0.05c 

T4 1.10±0.03 1.08±0.05 1.01±0.03 0.98±0.03 0.91±0.03 1.01±0.07d 

T5 1.07±0.03 1.02±0.04 0.96±0.02 0.90±0.02 0.87±0.04 0.96±0.08e 

Means 1.25±0.18a 1.20±0.14b 1.15±0.14c 1.11±0.12d 1.05±0.15e  

Values are expressed as mean + SD (n=3) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 

 

Table 4.62: Mean squares for physicochemical analysis of cereals based synbiotic beverage  

SOV Df Viscosity Water holding capacity 

Treatments (A) 4 122851* 122.747* 

Storage time (B) 4 79089* 93.401* 

A x B 16 965* 0.809NS 

Error 50 153 1.089 

Total 74   

* = Significant (p < 0.05) 

NS = Non-Significant (p > 0.05) 
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 Table 4.63: Means for viscosity (mPa) of cereals based synbiotic beverage during storage 

Treatments Storage time (days) Means 

 0 7 14 21 28  

T1 871±16.54fg 801±16.82ij 742±9.64k 677±11.50lm 660±9.24m 750.20±3.69d 

T2 945±14.17de 893±10.18f 847±17.87gh 709±11.34kl 735±6.61k 825.80±4.24c 

T3 984±10.82bc 961±11.14cde 870±11.31fg 835±15.86ghi 791±5.53j 888.20±3.66b 

T4 1010±14.14ab 974±12.07bcd 892±8.02f 798±16.75ij 820±6.56hij 898.80±4.22b 

T5 1047±13.61a 1007±11.98b 933±13.06e 821±13.13hij 865±9.51fg 934.60±1.64a 

Means 971.4±2.04a 927.2±1.07a 856.8±1.84ab 768.0±4.66d 774.2±1.77d  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

152 
 

 Table 4.64: Means for WHC (%) of cereal based synbiotic beverage during storage 

Treatments Storage time (days) Means 

 0 7 14 21 28  

T1 71.92±1.36 69.25±1.43 67.17±0.82 66.48±0.97 65.92±0.71 68.14±0.32e 

T2 73.10±1.09 71.92±0.79 69.21±1.37 68.15±0.88 66.76±0.46 69.82±0.33d 

T3 75.62±0.83 73.41±0.81 70.77±0.85 69.11±1.10 67.54±0.36 71.29±0.26c 

T4 77.34±1.08 74.67±0.90 71.49±0.58 70.94±1.28 69.71±0.43 72.80±0.34b 

T5 78.41±1.01 76.26±0.89 74.21±0.98 73.12±1.02 71.16±0.60 74.53±0.021a 

Means 75.27±0.19a 73.10±0.04b 70.57±0.16c 69.56±0.38c 68.12±0.13d  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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Likewise, Mafteia et al. (2013) developed new fermented soy product and reported that water 

holding capacity decreased as the storage time increased. Water holding capacity of a product 

links with its textural and sensory properties. In the development of new fermented non-dairy 

beverage, texture and consistency play a very important role regarding consumer acceptability 

(Martensson and Holst, 2000). Cereal flour when mixed with water, provide thick porridge like 

texture due to high content of β-glucans. Thus, cereal based beverages have relatively high 

viscosity and WHC as compared to other juices and beverages (Lorri and Svanberg, 2009). 

4.14. Phytochemical screening test 

4.14.1. Total phenolic content (TPC) 

Mean squares (Table 4.65) explicated that total phenolics content of cereal based synbiotic 

beverage differed momentously (p<0.05) with respect to treatments and storage time. 

However, non-momentous interaction was observed. 

The means given in Table 4.66 illustrated that total phenolic content ranged from 0.73±0.02 to 

2.24±0.05 mg GAE/g among treatments during storage. The total phenolic content varied 

significantly among different beverage treatments and the maximum total phenolic content was 

recorded in T5 (2.24±0.05 mg GAE/g) followed by T4 (2.21±0.03 mg GAE/g) while the least 

total phenolic content was found in T1 (2.09±0.02 mg GAE/g). The storage time also revealed 

a significant impact on total phenolic content exhibiting a decreasing trend as the storage 

progressed. Maximum total phenolic content was recorded at 0 day followed by 7 days while 

minimum total phenolic content was observed after 28. The total phenolic content decreased 

as a storage progressed in all the fermented beverage treatments and minimum antioxidant 

activity (0.73±0.02 mg GAE/g) was observed in T1, followed by T2 (0.78±0.02 mg GAE/g) 

after 28 days of storage. 

The results of current study are in close harmony with the verdict of Wang et al. (2014), they 

expounded that the effect of Bacillus subtilis and Lb. plantarum on TPC, antioxidant activity 

and total flavonoids content of cereals. They also compared the results of fermented with non-

fermented cereals. The results explicated that content of total phenolic and total flavonoids in 

fermented cereal extracts was higher than the non-fermented cereals. Similarly, Duenas et al. 

(2005) delineated that fermentation of cowpeas with Lb. plantarum modified phenolic content 

and enhanced antioxidant activity as compared to unfermented cowpeas. Similarly, Coda et al. 
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(2012) demarcated that total phenolic content in oat and barley based beverage were 2.20±0.02 

mg GAE/g and 2.05±0.04 mg GAE/g respectively. During fermentation process, the enzymes 

both from cereal and probiotics i.e. (xylanase, amylase and proteases) change the composition 

of cereal grains. Consequently, the bound phenolic release due to enzymatic activities and 

phenolic content increase (Loponen et al., 2004; Katina et al., 2007). Due to metabolic activity 

of starter culture, the bioactive compounds modified or changed during fermentation process. 

The b-glucosidase enzyme from microbes hydrolyze the flavonoids, phenolic and enhances 

their biological activity (Bhatia et al., 2002). Selection of starter culture is very much important 

and directly related to TPC and antioxidant activity. Dorcevic et al. (2010) illustrated that the 

content of total phenolic in cereal grains were related to the type of microorganism used for 

fermentation. The results expounded that total phenolic content in the cereals fermented with 

Lb. rhamnosus were higher than cereals fermented with Saccharomyces cerevisiae. Therefore, 

it is concluded that fermentation is a process which enhances flavonoid content, total phenolic 

content and consequently increase antioxidant activity. These fermented products can be used 

in the treatment of various chronic diseases (Del Rio et al., 2013). 

4.14.2. Antioxidant activity 

The antioxidant activity is the measure of DPPH free radical scavenging activity. The mean 

squares (Table 4.65) explicated that antioxidant activity of cereal based synbiotic beverage 

differed momentously (p<0.05) with respect to treatments and storage time. However, non-

momentous interaction was observed. 

The means given in Table 4.67 illustrated that the antioxidant activity ranged from 24.6±0.34% 

to 51.7±0.67% among treatments during storage. The antioxidant activity varied significantly 

among different beverage treatments and the maximum antioxidant activity was recorded in 

T5 (51.7±0.67%) followed by T4 (50.2±0.70%) while the least antioxidant activity was found 

in T1 (46.2±0.01%). The storage time also revealed a significant impact on antioxidant activity 

exhibiting a decreasing trend as the storage progressed. Maximum antioxidant activity was 

recorded at 0 day followed by 7 days while minimum antioxidant activity was observed after 

28 days. The antioxidant activity decreased as storage time progressed in all the treatments and 

minimum antioxidant activity (24.6±0.34%) was observed in T1, followed by T2 (25.6±0.23%) 

after 28 days. 
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Table 4.65: Mean squares for total phenolic content (TPC) and antioxidant activity of cereals 

based synbiotic beverage  

SOV df Total phenolic content Antioxidant activity 

Treatments (A) 4 4.84951* 1098.30* 

Storage time (B) 4 0.13019* 78.45* 

A x B 16 0.00459NS 0.41NS 

Error 50 0.00107 0.41 

Total 74   

* = Significant (p < 0.05) 

NS = Non-Significant (p > 0.05) 

 

Table 4.66: Means for total phenolic content (mg GAE/g) of cereals based synbiotic beverage 

during storage 

Treatments Storage time (days)  Means 

 0 7 14 21 28  

T1 2.09±0.02cd 1.74±0.03hi 1.36±0.04l 0.91±0.02op 0.73±0.02r 1.36±0.01e 

T2 2.13±0.03bcd 1.79±0.03gh 1.40±0.03kl 0.95±0.02op 0.78±0.02qr 1.41±0.01d 

T3 2.18±0.02abc 1.87±0.05fg 1.47±0.03jk 0.99±0.03no 0.80±0.01qr 1.46±0.01c 

T4 2.21±0.03ab 1.94±0.05ef 1.51±0.01j 1.07±0.02n 0.85±0.01pq 1.51±0.01b 

T5 2.24±0.05a 2.03±0.04de 1.68±0.05i 1.21±0.03m 0.87±0.01pq 1.60±0.01a 

Means 2.17±0.01a 1.87±0.01b 1.48±0.01c 1.02±0.01d 0.80±0.003e  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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The results of current exploration are in accord with the verdict of Agil and Hosseinian (2012), 

they used triticale bran as prebiotics in the development of yoghurt like beverage and evaluated 

that triticale exhibited strong antioxidant activity. Soluble dietary fiber in triticale bran has dual 

functionality i.e. acts as potential prebiotic, improves gut microflora and also acts as 

antioxidant specially after fermentation by gut microbiota (Perez-Jimenez and Saura-Calixto, 

2005). Similarly, Coda et al. (2012) developed yogurt like beverage by using emmer, barley, 

oat, rice along with soy and grape juice. They explicated that antioxidant activity of oat and 

barley beverage were 51.8% and 50.3% respectively. In another study, Luana et al. (2014) 

developed yoghurt like beverage from oat flakes. They expounded that the DPPH activity of 

fermented oat beverage was higher (83.5-85.8%) than control (73.3%). Wang et al. (2014) 

demarcated that antioxidant activity of cereal increased with fermentation. Likewise, Juan and 

Chou (2010) investigated that black soybean fermentation with B. subtilis it improved total 

phenolic content, antioxidant activity, and total flavonoid content. Likewise, Duenas et al. 

(2012) delineated that B. subtilis enhanced the production of isoflavone, thereby enhancing 

antioxidant activity of fermented soybean. The consumption of cereal grains increased because 

it contains phytochemicals and antioxidants which contribute towards various health benefits. 

The high antioxidant activity of cereals is due to total phenolic and flavonoid content. The 

components of cereals i.e. phenolic compounds, flavonoid, tocopherol, carotenoids and 

vitamin C contribute towards high antioxidant activity (Wang et al., 2014).  

4.15. Microbiological analyses 

4.15.1. Total plate count 

The mean squares (Table 4.68) explicated that total plate count of cereal based synbiotic 

beverage (Figure 4.9) differed significantly (p<0.05) with respect to treatments and storage 

time. However, interaction was found to be non-significant.  

The means given in Table 4.69 illustrated that total plate count ranged from 6.68±0.17 to 

8.71±0.18 CFU/mL among treatments during storage. The total plate count varied significantly 

among different beverage treatments and the maximum total plate count was recorded in T4 

(8.58±0.12 CFU/mL) followed by T3 (8.47±0.09 CFU/mL) while the least was found in T2 

(8.30±0.12 CFU/mL). The storage time also revealed a significant impact on total plate count 

exhibiting a decreasing trend as the storage progressed. During 0 to 7 days of storage, the total  
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Table 4.67: Means for antioxidant activity (%) of cereals based synbiotic beverage during 

storage 

Treatments Storage time (days) Means 

 0 7 14 21 28  

T1 46.2±0.01 42.6±0.89 39.7±0.51 32.9±0.55 24..6±0.34 37.2±0.32e 

T2 47.6±0.71 44.7±0.51 40.1±0.84 34.8±0.55 25.6±0.23 38.5±0.23d 

T3 48.5±0.53 46.4±0.53 42.6±0.55 36.7±0.69 27.2±0.19 40.2±0.18c 

T4 50.2±0.70 47.2±0.58 43.8±0.39 37.2±0.78 28.9±0.23 41.4±0.22b 

T5 51.7±0.67 48.7±0.58 45.3±0.63 38.7±0.61 31.4±1.48 42.9±0.38a 

Means 48.8±0.29a 45.9±0.03b 42.3±0.08c 36.0±0.25d 27.3±0.55e  

Values are expressed as mean + SD (n=3) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 

Table 4.68: Mean squares for microbilological analysis of cereals based synbiotic beverage  

SOV df Total plate count Viable cell count Survival in SGJ 

Treatments (A) 4 5.14334* 1.93514* 224.075* 

Storage Time (B) 4 0.51656* 0.11960* 281.342* 

A x B 16 0.02587NS 0.00590NS 4.156NS 

Error 50 0.04233 0.03884 2.861 

Total 74    

* = Significant (p < 0.05) 

NS = Non-Significant (p > 0.05) 
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Table 4.69: Means for total plate count Log10 CFU/mL of cereals based synbiotic beverage 

during storage 

Treatments                                  Storage time (days) Means 

 0 7 14 21 28  

T1 8.41±0.11 8.63±0.18 8.61±0.26 8.18±0.25 7.23±0.20 8.21±0.06ab 

T2 8.30±0.12 8.38±0.17 8.35±0.18 7.81±0.18 6.68±0.17 7.90±0.02c 

T3 8.47±0.09 8.67±0.27 8.60±0.21 8.27±0.25 7.31±0.16 8.26±0.07a 

T4 8.58±0.12 8.71±0.18 8.68±0.08 8.31±0.16 7.54±0.09 8.36±0.04a 

T5 8.34±0.19 8.42±0.09 8.39±0.24 7.97±0.23 6.77±0.45 8.02±0.13bc 

Means 8.42±0.03a 8.56±0.07a 8.52±0.06a 8.10±0.02b 7.15±0.13c  

Values are expressed as mean + SD (n=3) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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plate count increased after that a steady decrease was observed throughout the storage. 

Maximum total plate count was recorded at 7 day followed by 14 days while minimum was 

observed after 28 days of storage. The total plate count decreased as storage progressed in all 

the treatments and minimum (6.68±0.17 CFU/mL) was observed in T2, followed by T5 

(6.77±0.45 CFU/mL) after 28 days. 

The results of current investigations are in accord with the verdict of Battistini et al. (2017), 

they developed fermented soybean milk through fermentation of probiotics (Lb. acidophilus, 

B. animalis) and used S. thermophiles as a co-culture. They explicated that cell count in all the 

beverage treatments decreased during storage of 28 days. Similarly, Ghosh et al. (2015) 

developed rice based fermented beverages and the microbiological results expounded that after 

5 days of fermentation total cell count decreased. In another study, Coda et al. (2012) 

developed yogurt like beverage by using emmer, barley, oat, rice along with soy and grape 

juice. They explicated that after 30 days of storage at 4oC cells count decreased. Likewise, 

Vehedi et al. (2008) developed fruit yoghurt by using apple and strawberries. They delineated 

that total plate count increased up to 7 days after that it decreased throughout the storage. The 

microorganisms require proper conditions for their growth and metabolic functions. As the 

fermentation progressed, substrate depleted which is further no more available consequently 

viable count decreases. The decrease in cell count is also due to the production of fermentable 

metabolites (i.e. organic acids) which are harmful for microorganisms (Benedetti et al., 2016).  

4.15.2. Probiotic viability and survival 

4.15.2.1. Viable cells count 

The mean squares (Table 4.68) explicated that viable cell count of cereal based synbiotic 

beverage (Figure 4.10) differed momentously (p<0.05) with respect to treatments and storage 

time. However, non-momentous interaction was observed.  

The means given in Table 4.70 depicted that viable cells count ranged from 8.27±0.23 to 

9.34±0.10 CFU/mL among treatments during storage. The viable cells count varied 

significantly among different beverage treatments and the maximum viability was recorded in 

T3 (9.34±0.10 CFU/mL) followed by T5 (9.30±0.21 CFU/mL) while the least was found in T1 

(9.16±0.12 CFU/mL). The storage time also revealed a significant impact on viable cells count 

exhibiting a decreasing trend as the storage progressed. A steady decrease in viable cells count 
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was observed as the storage progressed but the viable cells count of probiotics was more than 

108 CFU/mL in all the treatments. Maximum viable cells count was documented at 0 day 

followed by 7 days while minimum was witnessed after 28 days. The viable cells count 

decreased as a function of storage time in all the treatments and minimum (8.27±0.23 CFU/mL) 

was observed in T1, followed by T2 (8.34±0.21 CFU/mL) after 28 days of storage.  

The results of current study are in accord with the verdict of Agil et al. (2013), they used lentil 

as a prebiotic in the development of yoghurt and evaluated the effect of lentils on probiotic 

growth, pH and titratable acidity in yogurt. The results explicated that lentil improved the 

growth and survival of probiotics during 28 days of storage. Similarly, Rathore et al. (2012) 

developed barley and malt beverage through Lb. acidophilus and Lb. plantarum fermentation. 

They reported that after 24 h of fermentation, the viable cell count was 7.91 to 8.69 log 

CFU/mL. The results demarcated malt and barley selectively stimulated the growth, activity 

of probiotic and maintained overall microbial counts. Likewise, Shoji et al. (2013) delineated 

that there was a significant reduction in viable cells count of free Lb. acidophilus (4.4 and 4.9 

log CFU/mL) while encapsulated probiotics maintained their viability (7.9 and 7.5 log CFU/g) 

throughout 28 days of storage. High viable cells counts are essential in some products to get 

the desired acidification, which directly affect sensory characteristics of a product, improve 

shelf-life and prevent from contamination. The organic acids produced during fermentation 

process have inhibitory effect on the growth and activity of probiotics due to increased acidity 

that inhibits many metabolic functions (Limon et al., 2015). In another study, viability of 

probiotics ranged 6 to 8 log CFU/mL after 4 weeks of storage at 4oC (Vasiljevic and Shah, 

2008). Therefore, encapsulation is a promising technique to improve survival of probiotics up 

to 120 days at 7 and 37oC (Oliveira et al., 2007). 

4.15.2.2. Survival in simulated gastric juice (SGJ) 

The mean squares (Table 4.68) explicated that the survival of probiotics in cereal based 

synbiotic beverage in the presence of SGJ differed momentously (p<0.05) with respect to 

treatments and storage time. However, non-momentous interaction was recorded. 

The means given in Table 4.71 depicted that survival in SGJ ranged from 67.69±1.55% to 

84.45±1.26% among treatments during storage. The viability varied significantly among 

different beverage treatments and the maximum survival was recorded in T2 (84.45±1.26%) 

followed by T1 (81.51±1.08%) while the least was found in T5 (76.91±1.76%). The storage  
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Figure 4.13: Total plate count 

 

 

 

Figure 4.14: Viable cell count 
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Table 4.70: Means for viable cell count Log10 CFU/mL of cereals based synbiotic beverage 

during storage 

Treatments Storage time (days) Means 

 0 7 14 21 28  

T1 9.16±0.12 8.78±0.18 8.69±0.27 8.38±0.26 8.27±0.23 8.65±0.06b 

T2 9.20±0.13 8.81±0.18 8.70±0.19 8.40±0.19 8.34±0.21 8.69±0.02ab 

T3 9.34±0.10 9.10±0.28 8.95±0.22 8.48±0.26 8.51±0.19 8.87±0.07a 

T4 9.28±0.13 8.83±0.18 8.74±0.08 8.42±0.16 8.40±0.10 8.73±0.04ab 

T5 9.30±0.21 8.97±0.10 8.90±0.26 8.45±0.24 8.43±0.14 8.80±0.06ab 

Means 9.25±0.04a 8.89±0.07b 8.79±0.07b 8.42±0.03c 8.38±0.05c  

Values are expressed as mean + SD (n=3) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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Table 4.71: Means for survival of probiotics in synbiotic beverage in the presence of SGJ 

during storage 

Treatments Storage time (days) Means 

 0 7 14 21 28  

T1 81.51±1.08 80.17±1.68 78.11±2.44 76.55±2.40 74.39±2.08 78.14±0.56b 

T2 84.45±1.26 82.78±1.77 79.47±1.74 77.24±1.80 76.16±1.98 80.02±0.26ab 

T3 78.24±0.86 74.34±2.31 70.79±1.77 69.72±2.16 67.69±1.55 72.15±0.57a 

T4 79.00±1.10 77.20±1.64 74.51±0.73 70.10±1.40 71.25±0.92 74.41±0.36ab 

T5 76.91±1.76 71.47±0.80 69.61±2.06 65.39±1.89 63.49±1.07 69.37±0.55ab 

Means 80.02±0.34a 77.19±0.65b 74.49±0.62c 71.80±0.29d 70.59±0.51d  

Values are expressed as mean + SD (n=3) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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time also revealed a significant impact on survival exhibiting a decreasing trend as the storage 

progressed. A steady decrease in survival was observed as the storage progressed. Maximum 

survival was documented at 0 day followed by 7 days while minimum was observed after 28 

days of storage. The survival decreased as storage time increased in all the treatments and 

minimum (63.49±1.07%) was observed in T5, followed by T3 (67.69±1.55%) after 28 days of 

storage.  

The results of current study are in accord with the verdict of Wang et al. (2009), they developed 

soymilk plus bovine milk fermented product and evaluated the gastric tolerance of probiotics. 

They explicated that Lb. casei exhibited good tolerance to SGJ and SIF when incorporated in 

soymilk and bovine milk. The viability of probiotics was > 108 CFU/mL at 4oC throughout 

storage of 28 days. Similarly, Freire et al. (2017c) developed goat milk based fermented 

beverage and evaluated the survival of Lb. rhamnosus and S. thermophilus under 

gastrointestinal conditions. The results expounded that the survival of Lb. rhamnosus and S. 

thermophiles was more than 108 log CFU/mL in SGJ. Likewise, Bernat et al. (2015) developed 

almond milk and inulin based non-dairy probiotic products. The results delineated that the 

survival of Lb. reuteri was 51±7% in SGJ. A probiotic should tolerate harsh gastrointestinal 

conditions (acidic pH and bile salt) and maintain the viable cells count (Blanquet-Diot et al., 

2012). In order to provide positive health benefits to host health, probiotics should contain 109 

log CFU probiotic per portion of food (Hill et al., 2014). The high survival and viability of 

probiotics is due to presence of prebiotics (Capela et al., 2006). The presence of food 

matrices/dietary fiber i.e. prebiotics may have protective effect on the viability of probiotics 

during gastric transit (Sendra et al., 2016). 

4.16. Organic acids (lactic acid and acetic acid) 

The mean squares (Table 4.72) explicated that lactic acid and acetic acid of cereal based 

synbiotic beverage differed momentously (p<0.05) with respect to treatments and storage time. 

Interaction was found to be momentous for lactic acid while non-momentous for acetic acid. 

The means given in Table 4.73 depicted that lactic acid ranged from 0.08±0.02 to 2.57±0.04 

g/L among treatments during storage. The lactic acid varied significantly among different 

beverage treatments and the maximum lactic acid was recorded in T5 (1.76±0.04 g/L) followed 

by T4 (1.47±0.02 g/L) while the least was found in T1 (0.08±0.02 g/L). The storage time also 

revealed a significant impact on lactic acid exhibiting increasing trend as the storage 
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progressed. Minimum lactic acid was recorded at 0 day followed by 7 days while maximum 

lactic acid was recorded after 28 days of storage. The maximum lactic acid (2.57±0.04 g/L) 

was observed in T1, followed by T2 (2.21±0.02 g/L) after 28 days of storage. The means given 

in Table 4.74 depicted that acetic acid ranged from 0.55±0.01 to 0.87±0.01 g/L among 

treatments during storage. The acetic acid varied significantly among different beverage 

treatments and the maximum acetic acid value was recorded in T5 (0.81±0.01 g/L) followed by 

T4 (0.80±0.01 g/L) while the least was found in T1 (0.55±0.01g/L). The storage time also 

revealed a significant impact on acetic acid exhibiting increasing trend as the storage 

progressed. Minimum acetic acid was recorded at 0 day followed by 7 days while maximum 

acetic acid was recorded after 28 days of storage. The maximum acetic acid (0.87±0.01 g/L) 

was observed in T5, followed by T4 (0.85±0.01 g/L) after 28 days of storage. 

The results of current study are in accord with the verdict of Battistini et al. (2017), they 

developed soybean milk through fermentation of probiotics (Lb. acidophilus La-5, B. animalis 

Bb-12) and used S. thermophiles as co-culture. They explicated that lactic acid and acetic acid 

concentration increased as the storage progressed. The highest content of lactic acid (2.59g/L) 

and acetic acid (0.47g/L) was observed in the beverage which contained inulin.  Gupta and 

Bajaj et al. (2017) developed oat flour based probiotic beverage. They expounded that lactic 

acid concentration increased both in case of room temperature (25oC) storage and refrigeration 

storage (4oC). The increase was more prominent in case of room temperature (1.32% to 2.16% 

w/v) as compared to refrigeration temperature (0.90% to 1.74% w/v) after 4 weeks of storage. 

Similarly, Russo et al. (2016) delineated that lactic acid and acetic acid increased in oat based 

fermented beverage during 21 days of storage as 15mg/100g and 1.3mg/100g respectively.  

Recently, Freire et al. (2017a) introduced fermented rice-maize based beverage using Lb. 

plantarum CCMA 0743, Torulaspora delbrueckii CCMA 0235 and Lb. acidophilus LACA. 

They demarcated that lactic acid 3.6 to 3.7 g/L and acetic acid 0.4 g/L to 0.5 g/L in rice-maize 

fermented beverage after 3 days of fermentation. Luana et al. (2014) explicated that lactic acid 

and acetic acid were not detected in un-fermented oat flakes beverages whereas, Lb. plantarum 

fermented oat flakes beverage the content of lactic acid and acetic acid was 27.3±1.5 and 

4.2±0.8 mM respectively. Salmeron et al. (2015) developed probiotic cereals based beverage 

and evaluated that content of lactic acid was higher in barley based fermented beverage 

(1.38±0.23 to 1.66±0.09 g/L) as compared to oat based fermented beverage (0.52±0.05 to  
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Table 4.72: Mean squares for organic acids (lactic acid and acetic acid) of cereals based 

synbiotic beverage  

SOV df Lactic acid Acetic acid 

Treatments (A) 4 2.08144* 0.00825* 

Storage time (B) 4 3.62770* 0.18255* 

A x B 16 0.04272* 0.00011NS 

Error 50 0.00150 0.00036 

Total 74   

* = Significant (p < 0.05) 

NS = Non-Significant (p > 0.05) 

 

Table 4.73: Means for lactic acid (g/L) of cereals based synbiotic beverage during storage 

Treatments Storage time (days)  Means 

 0 7 14 21 28  

T1 0.08±0.02p 0.58±0.01o 0.87±0.02n 1.29±0.04l 1.45±0.04jk 0.85±0.01e 

T2 0.97±0.01n 1.29±0.02l 1.34±0.02kl 1.62±0.03i 1.78±0.04gh 1.40±0.01d 

T3 1.15±0.01m 1.37±0.04jkl 1.48±0.03j 1.97±0.06j 2.10±0.04cde 1.61±0.01c 

T4 1.47±0.02j 1.68±0.03hi 1.84±0.01g 2.07±0.04def 2.21±0.02bc 1.85±0.01b 

T5 1.76±0.04gh 1.98±0.02ef 2.16±0.06cd 2.31±0.06b 2.57±0.04a 2.15±0.01a 

Means 1.08±0.01e 1.38±0.01d 1.53±0.01c 1.85±0.01b 2.02±0.01a  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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Table 4.74: Means for acetic acid (g/L) of cereals based synbiotic beverage during storage 

Treatments Storage time (days) Means 

 0 7 14 21 28  

T1 0.55±0.01 0.57±0.01 0.58±0.01 0.60±0.01 0.62±0.02 0.58±0.002d 

T2 0.64±0.01 0.65±0.01 0.67±0.01 0.69±0.01 0.70±0.02 0.67±0.003c 

T3 0.74±0.02 0.74±0.02 0.76±0.01 0.78±0.02 0.79±0.02 1.76±0.002b 

T4 0.80±0.01 0.82±0.01 0.83±0.03 0.84±0.01 0.85±0.01 1.82±0.008a 

T5 0.81±0.01 0.83±0.01 0.86±0.02 0.86±0.02 0.87±0.01 1.84±0.004a 

Means 0.70±0.01d 0.72±0.01cd 0.74±0.01bc 0.75±0.01ab 0.76±0.01a  

Values are expressed as mean + SD (n=3) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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1.66±0.09 g/L). There was a non-significant difference observed in acetic acid content in theses 

2 beverages. Lactic acid is the final product of both homo or hetero-fermentative 

microorganisms during fermentation (Decock and Cappelle, 2005). Lb. plantarum is a 

facultative hetero-fermentative bacterium which produces lactic acid and acetic acid in 

significant amount during pentose phosphate pathway (Rathore et al., 2012). While acetic acid 

is mostly produced by Bifidobacterium as a result of carbohydrate metabolism (Battistini et 

al., 2017). Both Bifidobacterium and Lactobacillus contribute towards the organoleptic 

properties of a fermented product due to production of organic acids. Formation of organic 

acids in cereals based fermented products is due to fermentation of sugar and starch which may 

also depend upon the type of culture used (Gamel et al., 2015). The production of organic acids 

during fermentation inhibit the growth of intestinal pathogens (Strus et al., 2001). 

4.17. Sugars (glucose, fructose and maltose) 

The mean squares (Table 4.75) explicated that sugars (glucose, fructose and maltose) of cereals 

based synbiotic beverage differed momentously (p<0.05) with respect to treatments and 

storage time. However, interaction was recorded momentous for glucose and maltose while 

non-momentous for fructose.  

The means given in Table 4.76 depicted that glucose ranged from 4.80±0.12 to 8.10±0.11 g/L 

among treatments during storage. The glucose varied significantly among different beverage 

treatments and the maximum value was recorded in T1 (8.10±0.11 g/L) followed by T5 

(7.91±0.18 g/L) while the least was found in T2 (7.20±0.11 g/L). The storage time also revealed 

a significant impact on glucose exhibiting decreasing trend as the storage progressed. 

Maximum glucose content was recorded at 0 day followed by 7 days while minimum glucose 

was recorded after 28 days of storage. The minimum value of glucose (4.80±0.12 g/L) was 

observed in T2, followed by T3 (4.87±0.11 g/L) after 28 days of storage. 

The means (Table 4.77) revealed that fructose varied significantly among different treatments 

during storage. The fructose content ranged from 0.10±0.05 to 0.22±0.03 g/L and the 

maximum was recorded in T5 (0.22±0.03 g/L) followed by T4 (0.17±0.02 g/L). The storage 

time also revealed a significant impact on fructose exhibiting decreasing trend as the storage 

progressed. Maximum fructose content was recorded at 0 day followed by 7 days while 

minimum fructose was recorded after 28 days of storage. The minimum value of fructose 

(0.10±0.05 g/L) was observed in T1, followed by T2 (0.11±0.01 g/L) after 28 days of storage. 
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The means (Table 4.78) revealed that maltose varied significantly among different treatments 

during storage. The maltose content ranged from 0.08±0.01 to 0.15±0.01 g/L and the maximum 

was recorded in T5 (0.15±0.01 g/L) followed by T4 (0.13±0.01 g/L) while the least was found 

in T3 (0.12±0.01 g/L). Maltose was not detected in T1 and T2. The storage time also revealed a 

significant impact on maltose exhibiting decreasing trend as the storage progressed.  Maximum 

maltose content was recorded at 0 day followed by 7 days while minimum was recorded after 

28 days of storage. The lowest value of maltose (0.08±0.01 g/L) was observed in T4, followed 

by T3 (0.09±0.01 g/L) after 28 days of storage. 

Ghosh et al. (2015) developed traditional Indian beverage based on fermentation of rice and 

evaluated the change in microbial count, sugar content and antioxidant activity during 

fermentation. The results explicated that the major sugars quantified with HPLC were maltose, 

glucose, maltotriose, maltotertraose and maltopentose. Bernat et al. (2015) developed almond 

milk and inulin based non-dairy probiotics product and delineated that the survival of Lb. 

reuteri was due to available sugars. They delineated that sugar content decreased as the storage 

time increased. Mannitol, glucose, fructose, sucrose were found in this probiotic product and 

decreased from 1.05, 11.8, 7.2, 1.64 g/L to 0.89, 8.0, 5.53, 0.243 g/L respectively, after 28 days 

of storage. Freire et al. (2017b) developed a non-dairy fermented beverage from rice and 

cassava through fermentation of probiotic lactic acid bacteria (LAB) and yeast. They analyzed 

carbohydrates through HPLC and reported that starchy content was around 13% (w/w) at the 

beginning of fermentation. Glucose and fructose were not detected after 48 h of fermentation, 

only maltose was detected. Maltose is the carbohydrate derived from starch hydrolysis in the 

fermentation of rice based beverages.  

In case of co-culture fermentation, microorganisms more efficiently utilized carbohydrates and 

produced more metabolites. Do Amaral Santos et al. (2014) investigated that in single culture 

fermentation 58% carbohydrates utilized whereas, in case of co-culture or mixed culture 

fermentation 78% carbohydrates utilized. Their results revealed that Lb. acidophilus and P. 

acidilactici combined more efficiently utilized carbohydrates and at the end of fermentation 

only 3.07 g/L (15.58%) carbohydrates left. Gupta and Bajaj et al. (2017) developed oat flour 

based probiotic beverage and reported that the sugar content decreased with storage at room 

temperature (0.45 to 0.05% w/v) and refrigeration temperature (0.47% to 0.056% w/v). Coda 

et al. (2012a) developed a yogurt like beverage. containing a mixture of cereals, soy and  



 

170 
 

Table 4.75: Mean squares for sugars (glucose, fructose and maltose) of cereals based synbiotic 

beverage  

SOV df Glucose Fructose Maltose 

Treatments (A) 4 15.1901* 0.00424* 0.00166* 

Storage time (B) 4 1.3937* 0.01294* 0.05932* 

A x B 16 0.0593* 0.00008NS 0.00030* 

Error 50 0.0216 0.00052 0.00021 

Total 74    

* = Significant (p < 0.05) 

NS = Non-Significant (p > 0.05) 

 

Table 4.76: Means for glucose (g/L) of cereals based synbiotic beverage during storage 

Treatments Storage time (days) Means 

 0 7 14 21 28  

T1 8.10±0.10a 7.51±0.15bcd 6.82±0.21efg 6.40±0.20ghi 5.53±0.15jk 6.87±0.99a 

T2 7.20±0.11def 7.11±0.15cde 6.32±0.13hi 5.49±0.12j 4.80±0.12l 6.85±1.03a 

T3 7.50±0.08bcd 7.27±0.22def 6.57±0.16ghi 5.61±0.17j 4.87±0.11kl 6.66±1.11b 

T4 7.72±0.11abc 7.31±0.15cd 6.74±0.06fgh 6.24±0.12i 5.31±0.06jk 6.36±0.94c 

T5 7.91±0.18ab 7.42±0.08cd 7.17±0.21def 6.35±0.18hi 5.43±0.09j 6.18±0.97d 

Means 7.68±0.35a 7.32±0.23b 6.72±0.62c 6.01±0.73d 5.18±0.33e  

Values are expressed as mean + SD (n=3) 

Different superscripts within the same column or row indicate that the means differ significantly (p< 0.05) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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Table 4.77: Means for fructose (g/L) of cereal based synbiotic beverage during storage 

Treatments Storage time (days) Means 

 0 7 14 21 28  

T1 0.15±0.01 0.13±0.02 0.12±0.01 0.11±0.01 0.10±0.05 0.12±0.01c 

T2 0.15±0.01 0.14±0.01 0.13±0.01 0.13±0.02 0.11±0.01 0.13±0.01bc 

T3 0.16±0.01 0.16±0.01 0.15±0.01 0.14±0.01 0.12±0.01 0.14±0.01bc 

T4 0.17±0.02 0.15±0.02 0.14±0.02 0.13±0.01 0.13±0.04 0.14±0.01b 

T5 0.22±0.03 0.21±0.02 0.20±0.02 0.19±0.02 0.17±0.02 0.19±0.01a 

Means 0.17±0.02a 0.15±0.03ab 0.14±0.03abc 0.14±0.03bc 0.12±0.02c  

Values are expressed as mean + SD (n=3) 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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Table 4.78: Means for maltose (g/L) of cereal based synbiotic beverage during storage 

Treatments Storage time (days) Means 

 0 7 14 21 28  

T1 ND ND ND ND ND ND 

T2 ND ND ND ND ND ND 

T3 0.13±0.01 0.12±0.01 0.11±0.01 0.10±0.01 0.09±0.01 0.11±0.01ab 

T4 0.12±0.01 0.12±0.01 0.11±0.01 0.10±0.02 0.08±0.01 0.10±0.01b 

T5 0.15±0.01 0.14±0.02 0.13±0.01 0.11±0.01 0.10±0.05 0.12±0.01a 

Means 0.08±0.01b 0.07±0.01ab 0.07±0.01ab 0.06±0.01bc 0.05±0.01c  

Values are expressed as mean + SD (n=3) 

ND= Not detected 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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grapes. The fermentation was carried out by Lb. plantarum and results revealed that sugar level 

decreased by 90-92% of that of initial value after 4 weeks of storage. Likewise, Yu et al. (2015) 

observed a decrease in the total sugar content of a probiotic puree, from an initial of 0.1 to 

0.066% after 10 days of storage at room temperature. Similarly, decreased carbohydrate 

content from an initial of 20% to 11.5% (w/v) was observed in a pomegranate and vanilla 

fortified synbiotic yogurt like beverage after 9 weeks of storage (Walsh et al., 2014). Similar, 

results were observed in maize based fermented paste. During fermentation breakdown of 

carbohydrates take place into monosaccharides or disaccharides. Due to the utilization of 

carbohydrates by microorganisms, organic acid produced and pH decreased (Roger et al., 

2015). There is a strong relation between fermentation time and amount of substrate. During 

fermentation process complete utilization of sugars take place. Fermentation of sugars depends 

on type of strain, type of fermentation, substrate, time and temperature during fermentation. It 

is considered that glucose and fructose are the main source of carbon during LAB fermentation 

(Mousavi et al., 2011). During fermentation organic acids, sugars, vitamins and bioactive 

compounds produced (Tamang and Thapa, 2006). 

4.18. Sensory  

Sensory perception is the basic step to assess the consumer acceptability and response towards 

a particular product. Sensory profile gives useful information about consumer likeness and 

satisfaction as well. The cereals based synbiotic beverages were assessed for various responses 

i.e. color, flavor, taste and overall acceptability. 

4.18.1. Color 

Color is one of the important sensory parameter which is directly related to product 

acceptability. Color of a product gives useful information about its ingredients and quality of 

final product with respect to its preparation. Mean squares regarding color of cereal based 

beverages depicted that significant differences were documented for treatments and storage. 

However, the non-significant interaction was recorded (Table 4.79).  

It is evident from Figure 4.11 that the color of cereal based beverages varied significantly and 

ranged from 6.37±0.14 to 8.57±0.11 among different treatments during storage. The color 

scores varied significantly among different beverage treatments and the maximum score was 

assigned to T1 (8.57±0.11) followed by T2 (8.45±0.12) while the least scores to T5 (7.38±0.17). 
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The storage significantly affected the color of cereals based fermented beverages exhibiting a 

decreasing trend. Color score was maximum at 0 day followed by 7 days while minimum was 

assigned after 28 days of storage. The panelists assigned maximum scores to T1 (7.43±0.20) 

followed by T2 (7.17±0.18) while the minimum scores were given to T5 (6.37±0.14) after 28 

days of storage.    

The results of current exploration are in comparison with the verdict of Freire et al. (2017b), 

they developed a non-dairy fermented beverage from rice and cassava through fermentation of 

probiotic lactic acid bacteria (LAB) and yeast. The results delineated that the scores given to 

different treatments were in the range of 5.1 to 6.01 at 9 points hedonic scale. Similarly, Russo 

et al. (2016) delineated that color variation was more prominent during storage. They also 

explicated that brown color of oat based fermented beverage was due to pasteurization which 

degraded the visual perception as well. Likewise, Gupta et al. (2010) developed oat fermented 

beverage through Lb. plantarum and reported that color changed during 21 days of storage but 

change was not significant. The variation in color may be due to the type of substrate and 

ingredients used in the preparation of beverage (Coda et al., 2012a).  

4.18.2. Flavor 

Flavor is the combination of taste and aroma. Flavor is important sensory parameter related 

to likeness and dis-likeness of final product. Mean squares regarding flavor of cereal based 

beverages illustrated that significant differences were documented for treatments and storage. 

However, non-significant interaction was recorded (Table 4.79). 

It is apparent from Figure 4.12 that the flavor of cereal based fermented beverages varied 

significantly range from 6.93±0.12 to 8.71±0.12 among different treatments during storage. 

The flavor scores varied significantly among different beverage treatments and the maximum 

scores were given to T4 (8.71±0.12) followed by T3 (8.54±0.09) while the panelists assigned 

least scores to T1 (7.64±0.10). There was a significant impact of storage on flavor of cereals 

based fermented beverage and exhibiting a decreasing trend with the progression of storage. 

Flavor score was maximum at 0 day followed by 7 days while minimum was assigned after 28 

days of storage. The panelists assigned maximum scores to T1 (7.82±0.10) followed by T2 

(7.67±0.17) while the minimum scores were given to T1 (6.72±0.18) after 28 days of storage.    

The outcomes of current study are in consensus with the finding of Coda et al. (2012a), they 

developed yogurt like beverage by using emmer, barley, oat, rice along with soy and grape 
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juice. Volatile compounds i.e. diacetyl (2,3-butanedione), 2-heptanone, acetoin and ethyl 

acetate are mainly derived from microorganisms during fermentation and contribute towards 

fruity, creamy flavor. Similarly, Mridula and Sharma (2014) developed non-dairy probiotic 

drink by using cereals (barley, wheat, pearl millet, green gram and oat) with soymilk. The 

results demarcated significant variation in the flavor of different cereals based beverages which 

is mainly dependent on the type and amount of substrate used. In oat based fermented beverage 

the fermentation developed a desirable odor which was due to organic acids production (Russo 

et al., 2016). Likewise, Salmeron et al. (2009) explicated that production of flavoring 

compounds was mainly dependent on type of cereals used. They developed cereals (oat, wheat, 

barley and barley malt) based gruels through fermentation by Lb. plantarum. In fermentation 

process, the volatile compounds (carboxylic acids, alcohols, ketones, aldehydes and esters) 

mainly contribute towards the flavor and aroma (Lasekan and Lasekan, 2012). Additionally, 

in cereal based beverages, starter culture catabolized amino acids and as a result flavoring 

compounds released during fermentation process (Mugula et al., 2003; Coda et al., 2011). 

4.18.3. Taste  

Taste is perceived by taste buds and taste parameter decides about acceptability and likeness 

of a particular product. Mean squares regarding taste of cereal based beverages revealed that 

significant differences were documented for treatments and storage. However, non significant 

interaction was recorded (Table 4.79).  

It is obvious from Figure 4.13 that the taste of cereals based beverage varied significantly and 

ranged from 5.71±0.16 to 7.52±0.10 among different treatments during storage. The taste 

scores varied significantly among different beverage treatments and the maximum scores were 

assigned to T4 (5.71±0.16) followed by T2 (7.38±0.11) while the panelists given least score to 

T5 (6.74±0.15). The storage time also indicated a significant impact on taste. It was noticed 

that with the progression of storage the scores for taste were decreased. Taste score was 

maximum at 0 day followed by 7 days while minimum was assigned after 28 days of storage. 

The panelist assigned maximum score to T4 (6.89±0.90) followed by T2 (6.69±0.17) while the 

minimum scores were given to T5 (5.63±0.73) after 28 days of storage.    

The results of present study are in accord with the outcomes of Akin and Ozcan (2017), they 

formulated fermented milk beverage by using wheat gluten, soy protein isolate, pea protein 

isolate and rice protein. The results expounded that there was significant variation in the taste 
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of different beverages treatments. Similarly, Luana et al. (2014) developed yoghurt like 

beverage from oat flakes. They explicated that the control oat flakes beverages (without 

fermentation) attained high scores for thick texture, granular, earthy and cereals like taste. 

While fermented beverages possessed high intensity of sour flavor and taste. Fermentation 

develops sour and acidic taste due to the production of organic acids (Coda et al., 2011). It was 

also worth mentioning that the use of starter culture Lb. plantarum decreases artificial, earthy 

taste and thickness of the beverage. In fermentation process, pyruvate is the starting point 

which releases various flavoring and taste compounds at the end of fermentation (Liu, 2003). 

Addition of additives i.e. sugar, salt, spices, flavor and etc, enhances taste and quality of the 

end product (Ray et al., 2016).  

4.18.4. Overall acceptability 

The overall acceptability of a product comprises color, flavor, taste, aroma, texture and 

appearance. Mean squares regarding overall acceptability of cereal based beverages depicted 

that significant differences were documented for treatments and storage. However, non 

significant interaction was recorded (Table 4.79). 

It is evident from Figure 4.14 that the overall acceptability of cereals based beverages varied 

significantly ranging from 5.87±0.16 to 7.43±0.08 among different treatments during storage. 

The overall acceptability scores varied significantly among different beverage treatments and 

the maximum scores for overall acceptability was assigned to T3 (7.43±0.08) followed by T2 

(7.21±0.10) while the panelists assigned least score to T1 (6.72±0.08). The storage time also 

indicated a significant impact on overall acceptability. It was observed that with the 

progression of storage the scores for overall acceptability decreased. Overall acceptability 

score was maximum at 0 day followed by 7 days while minimum was assigned after 28 days 

of storage. The panelists assigned maximum scores for overall acceptability to T3 (6.84±0.15) 

followed by T2 (6.73±0.17) while the minimum scores were given to T5 (5.87±0.16) after 28 

days of storage.    

The outcomes of present study are in close harmony with the results of Matejcekova et al. 

(2017), they developed probiotic co-culture based fermented product from buckwheat and 

attained overall satisfactory scores for acceptability after fermentation. Likewise, Mridula and 

Sharma (2014) formulated non-dairy probiotic drink by using cereals (barley, wheat, pearl 

millet, green gram and oat) with soymilk. The results demarcated that overall acceptability was 
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quite satisfactory for all the treatments. Overall acceptability is resultant of all the sensory 

parameters and decides acceptability of the final product. Different processing conditions and 

unit operations improve volatile compounds and eventually sensory profile of product 

enhances (Heinio et al., 2001). Likewise, Coda et al. (2012) demarcated that pasteurization of 

oat flakes based fermented beverages increased shelf life and decreased post acidification 

process without changing the nutritional and sensory profile. Carbohydrates, amino acids, 

organic acids and fatty acids released as intermediates during fermentation process. These 

chemical compounds contribute towards the organoleptic characteristics of a product (Ganzle 

et al., 2007). Different metabolites are produced during fermentation of cereal based beverages 

which suggests that the right combination of starter culture and substrate is important towards 

the acceptability of a fermented product (Salmeron, et al., 2014). Moreover, fermentation of 

cereals improves digestibility, bioavailability of minerals, vitamins, phytochemicals and 

organoleptic characteristics of foods (Enujiugha and Badejo, 2015). 
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Table 4.79: Mean squares for sensory evaluation of cereals based synbiotic beverage  

SOV Df Color Flavor Taste Overall 

acceptability 

Treatments (A) 4 3.74599* 2.14220* 1.41727* 1.12956* 

Storage time (B) 4 3.63235* 3.68972* 2.83132* 1.80453* 

A x B 16 0.04081NS 0.03767NS 0.05433NS 0.03039NS 

Error 50 0.02921 0.02986 0.04383 0.02360 

Total 74     

* = Significant (p < 0.05) 

NS = Non-Significant (p > 0.05) 
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Figure 4.15: Scores for color of cereal based fermented synbiotic beverage 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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Figure 4.16: Scores for flavor of cereal based fermented synbiotic beverage 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 
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Figure 4.17: Scores for taste of cereal based fermented synbiotic beverage 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 

 

9-Point’s hedonic scale  
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Figure 4.18: Scores for overall acceptability of cereal based fermented synbiotic beverage 

T1= 100% oat based fermented synbiotic beverage  

T2= 75% oat + 25% barley based fermented synbiotic beverage 

T3= 50% oat + 50% barley based fermented synbiotic beverage 

T4= 25% oat + 75% barley based fermented synbiotic beverage 

T5= 100% barley based fermented synbiotic beverage 

 

9-Point’s hedonic scale  
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CHAPTER 5 

SUMMARY 

The present study was planned to isolate and utilize B. longum in the development of synbiotic 

cereals based beverage. The B. longum was isolated, purified from faeces samples and 

characterized for morphological, physiological and biochemical attributes. The B. longum was 

encapsulated by using whey protein concentrate and pectin as wall materials through extrusion 

by external. The cereals based synbiotic beverage was developed by using oat and barley with 

the incorporation of encapsulated B. longum. The beverage was analyzed for different 

physicochemical, microbiological and sensory attributes. 

Bifidobacterium was isolated from faecal samples of healthy mother fed infants. A total of 12 

isolates were obtained, among which only four (I1, I5, I8, I11) were gram positive rods. I5 and I8, 

were identified as Bifidobacterium based on their colony morphology and Gram’s staining. 

The isolates (I5 and I8) presented negative results for catalase, oxidase and urease. The isolates 

(I5 and I8) revealed negative results for starch hydrolysis, citrate utilization, gelatin liquefaction, 

nitrate reduction, H2S production and ammonia production. Results for motility and endospore 

production delineated that I5 and I8 were non-motile and non-spore forming. Gene sequencing 

results showed that isolated bacteria (I5) as B. longum which displayed a similarity index 

(100%) to other B. longum strains. It was named as B. longum BL-05 and evaluated for 

probiotic potential. There was a direct relation between pH and viability of probiotics, as the 

pH decreased the viability decreased. The survival of probiotic microorganism decreased as 

the concentration of bile salt increased and the minimum survival was observed at 2.5% bile 

salt after 120 min of incubation. B. longum BL-05 metabolized lactose with maximum biomass 

accumulation (9.81±0.40 CFU/mL) as compared to glucose (7.45±0.34 CFU/mL) after 24 h of 

incubation at 37oC. Isolates were able to grow at 2-6% NaCl concentration, moderate growth 

was found at 7-9% NaCl concentration but no growth was observed at 10% NaCl 

concentration. The antibiotic susceptibility of the isolated B. longum BL-05 was determined 

using various antibiotic agents. Results revealed that isolates were susceptible to ampicillin, 

cephalothin, penicillin, erythromycin, novobiocin, vancomycin, spectinomycin, 

chloramphenicol, rifampicin, tetracycline while resistant to gentamicin, kanamycin, neomycin, 

streptomycin, fusidic acid, nalidixic acid, polymyxin b and cloxacillin. B. longum BL-05 
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possessed protease which was capable to hydrolyze milk protein. Moreover, B. longum BL-05 

produced high yield of EPS (129+5.2 mg/L). The results illustrated that B. longum BL-05 

exhibited strong antioxidant activity (54.6+0.49%) in vitro.  Maximum viable count was found 

at 0.5 Mm H2O2 concentration followed by 1.0, 1.5 mM. B. longum BL-05 had ability to 

deplete nitrite (89±1.69%). Antimicrobial activity of B. longum against Escherichia coli, 

Salmonella, Staphylococcus aureus, H. pylori was observed, and their zone of inhibition were 

(14±0.1 mm), (12±0.1 mm), (9±0.1 mm), (10±0.2 mm) respectively. B. longum exhibited 

excellent antifungal activity against A. fumigatus (13±0.29 mm), A. oryzae (16±0.14 mm) and 

F. oxysporum (10±0.26 mm). Then, after evaluating probotic potential, B. longum BL-05 were 

encapsulated with different concentration of whey protein concentrate and pectin. The results 

indicated that all the bead formulations presented good encapsulation efficiency (> 85%). 

Encapsulated B. longum BL-05 exhibited resistance to gastric juice as compared to un-

encapsulated cells (free cells). The maximum survival was observed in E4 (7.96±0.19 CFU/g) 

followed by E3 (7.45±0.19 CFU/g) and least was recorded in E1 (6.10±0.12 CFU/g). The use 

of whey protein concentrates and pectin in combination provided better protection as shown in 

E4, E3 and E2.  The maximum cell reduction (7.83 log CFU/mL) was observed in case of free 

cells from 10.91 to 3.08 log CFU/mL after 4 h exposure in bile salt solution. In E4, minimum 

(1.75 log cycle) reduction from 9.70 to 7.96 log CFU/g after 240 min exposure to bile salt was 

observed. Composition of polymer (encapsulating materials) affects the size and shape of 

beads. As the polymer concentration increases the diameter increases. Scanning electron 

microscope images of free cells showed that B. longum BL-05 were V or Y shaped rods. SEM 

images illustrated that pectin significantly (p<0.05) contributes towards the septicity of beads 

than whey protein concentrate. Due to the presence of pectin E5 expounded significantly high 

moisture content 84.56±1.94% followed by E4 (82.34±1.56%) while the least were recorded in 

E1 76.31±0.99%. The moisture content increased as the concentration of pectin increased in all 

the bead formulations. The L* value of all the bead formulations were high due to lighter color 

of whey protein except E5.  

Synbiotic beverage was prepared by using E4 (25% whey protein concentrate and 75% pectin) 

beads along with Lb. plantarum as a co-culture. The means regarding pH of cereals based 

synbiotic beverage depicted that pH varied significantly among different treatments. The pH 

ranged was from 3.87±0.08 to 4.67±0.02 and the maximum pH value was recorded in T1 
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(4.67±0.02) followed by T2 (4.61±0.03) while the minimum value was obtained in T1 

(4.48±0.01). The total soluble solids ranged from 0.56±0.01 to 1.84±0.07 oBrix and the 

maximum total soluble solids were recorded in T5 (1.84±0.07 oBrix) followed by T4 (1.76±0.06 

oBrix) while the least total soluble solids were found in T1 (0.69±0.02 oBrix). The viscosity 

increased as the concentration of barley flour increases among the treatments. The storage time 

also exhibited a significant effect on viscosity. The total phenolic content decreased as a 

function of storage time in all the fermented beverage treatments and minimum antioxidant 

activity (0.73±0.02 mg GAE/g) was observed in T1, followed by T2 (0.78±0.02 mg GAE/g) 

after 28 days of storage. The total plate count ranged from 6.68±0.17 to 8.71±0.18 CFU/mL 

and the maximum total plate count value was recorded in T4 (8.58±0.12 CFU/mL) followed by 

T3 (8.47±0.09 CFU/mL) while the least total plate count was found in T2 (8.30±0.12 CFU/mL). 

The survival of probiotics in SGJ ranged from 67.69±1.55% to 84.45±1.26% and the maximum 

survival was recorded in T2 (84.45±1.26%) followed by T1 (81.51±1.08%) while the least 

survival was found in T5 (76.91±1.76%). The maximum lactic acid value was recorded in T5 

(1.76±0.04 g/L) followed by T4 (1.47±0.02 g/L) while the least lactic acid was found in T1 

(0.08±0.02 g/L). The storage time also indicated a significant impact on lactic acid production. 

The acetic acid ranged from 0.55±0.01 to 0.87±0.01 g/L and acetic acid production increased 

as the concentration of barley increased among the treatments. Sugars (glucose, fructose and 

maltose) of cereals based synbiotic beverage differed momentously (p<0.05) with respect to 

treatments and storage time. However, interaction was also found to be momentous in case of 

glucose and maltose while non-momentous interaction was observed in case of fructose. The 

maximum score for overall acceptability was assigned to T3 (7.43±0.08) followed by T2 

(7.21±0.10) while the panelist assigned least score to T1 (6.72±0.08) at the beginning of storage 

study (0 day). It was noticed that with the progression of storage, the scores for overall 

acceptability were decreased.  

The results of current study have suggested that encapsulation by using whey protein 

concentrate and pectin as encapsulating material improved the survival and viability of B. 

longum during gastric transit. Encapsulated probiotics could survive better during processing 

and storage for the development of products. Development of oat and barley based symbiotic 

product is a step ahead in the utilization of under-utilized or neglected crops.  
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CONCLUSIONS 

 B. longum was isolated from infant faeces and successfully encapsulated through 

extrusion technique.  

 Whey protein concentrate and pectin improved the survival and viability of B. longum  

 50% WPC + 50% PE and 75% WPC + 25% PE exhibited good survival in simulated 

gastric juice (SGJ), simulated intestinal fluid (SIF) and storage. 

 Incorporation of encapsulated B. longum in oat and barley based fermented beverage 

is novel approach for effective delivery of probiotics as well as value addition of under-

utilized crops 

RECOMMENDATIONS/FUTURE RESEARCH DIRECTIONS 

 There is need to evaluate the safety aspects of isolated B. longum through 

standardized and certifiable clinical trials to further evaluate its effects on the 

immune system of healthy and diseased persons. Additionally, long-term 

utilization of isolated B. longum is evaluated, whether it is superior to existing 

therapies. 

 B. longum may be encapsulated with other wall materials i.e. gelatin, gums, rice bran, 

carrageenan, pea protein isolates, soy protein, lentil protein, chitosan, etc in 

combination 

 Other encapsulation techniques i.e. spray drying, emulsion, spray chilling, freeze 

drying, etc. may be studied for survival and viability of B. longum 

 Oat and barley based fermented products other than beverage should be developed as 

a vehicle for effective delivery of probiotics 

 Other under-utilized crops i.e. sorghum, millet may be used for the development of 

cereals based probiotic/synbiotic products  

 Foreign research collaboration is needed in the field of Food Microbiology and 

Biotechnology to further strengthen this project. 
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LIMITATIONS 

 In vitro, gastrointestinal model facilities are lacking at University of Agriculture, 

Faisalabad. These facilities are available in University of Lincoln, USA. So there is 

need to develop such kind of facilities to further investigate its survival in 

gastrointestinal tract. 

 Although from the present study, physicochemical, microbiological and sensory 

analysis of synbiotic beverage have been performed but the potential health benefits 

are not being studied in vivo. The effectiveness of a synbiotics product can better 

prove in vivo analysis rather than in vitro. 

 To conduct microbiological analysis, there is need to develop rapid and quick 

detection methods for checking the viability of microorganisms. In this context, 

flow cytometry is the latest technique for observing the viability of microorganism in 

no time. Live and dead microscopic techniques are also required to analyzed viability 

of probiotics. These facilities are also lacking at NIFSAT, UAF, Pakistan. 

 One of the major limitation of synbiotic products is the survival and viability of 

probotics during production and storage. In product development phase, special care is 

required during incorporation of microencapsulated beads. 

 Synbiotic mixture or product dosage is an important issue to be solved, as there is no 

data published related to the effectiveness of dose consumed by human beings and 

limitation in terms of adverse effects. 
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APPENDIX I 

Gene Sequencing 
 

GGCGAACGGGTGAGTAATGCGTGACCGACCTGCCCCATACACCGGAATAGCTCC

TGGAAACGGGTGGTAATGCCGGATGCTCCAGTTGATCGCATGGTCTTCTGGGAA

AGCTTTCGCGGTATGGGATGGGGTCGCGTCCTATCAGCTTGACGGCGGGGTAAC

GGCCCACCGTGGCTTCGACGGGTAGCCGGCCTGAGAGGGCGACCGGCCACATTG

GGACTGAGATACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCAC

AATGGGCGCAAGCCTGATGCAGCGACGCCGCGTGAGGGATGGAGGCCTTCGGGT

TGTAAACCTCTTTTATCGGGGAGCAAGCGAGAGTGAGTTTACCCGTTGAATAAGC

ACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTATC

CGGAATTATTGGGCGTAAAGGGCTCGTAGGCGGTTCGTCGCGTCCGGTGTGAAA

GTCCATCGCTTAACGGTGGATCCGCGCCGGGTACGGGCGGGCTTGAGTGCGGTA

GGGGAGACTGGAATTCCCGGTGTAACGGTGGAATGTGTAGATATCGGGAAGAAC

ACCAATGGCGAAGGCAGGTCTCTGGGCCGTTACTGACGCTGAGGAGCGAAAGCG

TGGGGAGCGAACAGGATTAGATACCCTG 
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APPENDIX II 

Sensory Evaluation Performa 

Score for excellence 

Name of Judge: -------------------------------- 

Storage Days: -------------------------------- 

Signature:  -------------------------------- 

Date:   --------------------------- 

9 Point’s hedonic scale should follow for rating the sample. 

1. Dislike extremely        2.  Dislike very much                         3.  Dislike moderately 

 4.   Dislike slightly            5.  Neither dislikes nor like                6.  Like Slightly 

       7.   Like moderately          8.  Like very much                             9.  Like extremely 

 

Treatments Color Flavor Taste   Overall 

acceptability 

T1     

T2     

T3     

T4     

T5     


