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Abstract

Purpose — Interest in probiotic food products has constantly increased due to the awareness on importance
of gut microbiome; an increasing demand has encouraged the development of other matrices such as cereals,
vegetable and fruit juices to deliver probiotics. The purpose of this paper is to standardize and evaluate a
ready to serve probiotic oats milk drink fermented with microencapsulated Lactobacillus plantarum to be
further used as a therapeutic module.

Design/methodology/approach — Fermentation of oats milk extract with microencapsulated
L.plantarwmn was subjected to various trials in making it favourable for consumption and tested for sensory
characteristics, physicochemical parameters, nutrient content, viable colony count and shelf life.

Findings — Fermented oats milk drink with 3% inoculum of microencapsulated L.plantarum was able to
achieve desirable level of 2.5 x 10° and 2.3 x 10° colony forming units (CFU)/mL for spice and strawberry
flavoured drink, respectively. Antioxidant property significantly increased after fermentation showing
inhibitory effect against 2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) assay (p = 0.05).

Research limitations/implications — Analysis of all the parameters were conducted only with three
samples; this was the potential limitation identified in this study as large sample size always be a better
representative of the results.

Practical implications — Spice and strawberry flavoured nondairy oats milk drink facilitated to be a
suitable carrier for microencapsulated L. plantarum with good sensory attributes, low fat, moderate calorie,
high fiber content, antioxidant potential and a shelf life of two-week period at 4°C.

Originality/value — The developed ready to serve, spice and strawberry flavoured nondairy oats milk
drink with compactly packed functional components inclusive of beneficial probiotic organisms, B-glucan and
antioxidants can be prescribed as a therapeutic food for many clinical conditions and would serve as a good
probiotic option for vegans.

Keywords Probiotics, Microencapsulation, Oats milk, Nondairy — vegan, Antioxidant potential,
L.plantarum

Paper type Research paper

Introduction
In recent times, use of nutraceuticals with functional food ingredient has been rapidly
growing due to its ability to enhance the bicavailability of the loaded active ingredients,
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resulting in improved therapeutic/nutraceutical outcomes (Durazzo et al, 2020).
Nutraceuticals, are defined as:

Nutraceuticals are the phytocomplex if they derive from a food of vegetal origin, and as the pool
of the secondary metabolites if they derive from a food of animal origin, concentrated and
administered in the more suitable form (Daliu ef al., 2018)

Functional food products mostly resemble conventional food in terms of appearance but are
composed of bioactive compounds that may offer physiological health benefits beyond
nutritive functions (Sarkar, 2019). Substances that have nutritional and nutraceutical
interest are antioxidants, vitamins, polyunsaturated fatty acids, dietary fibres, prebiotics
and probiotics (Durazzo et al, 2018). Food and beverage products are increasingly
considered to be popular carriers of probiotics and drastically extend the option for regular
consumption of probiotics in the human diet. Probiotic foods comprise between 60 and 70%
of the total functional food market. Incorporation of probiotics into a food matrix poses
several technological challenges (Wilkinson, 2018), preserving the efficacy of probiotic
bacteria exhibits paramount task that need to be addressed during the development,
processing and storage of any functional food products. Several factors have been claimed to
be responsible for reducing the viability of probiotics including intrinsic factors such as
matrix acidity, level of oxygen in products, presence of other lactic acid bacteria, water
activity, presence of salt, sugar, artificial flavoring and colouring agents, processing
parameters including fermentation conditions (temperature, storage conditions, packaging
materials, etc.) and finally microbiological parameters such as strain of probiotics employed,
rate and proportion of inoculation (Terpou ef al, 2019; Putta ef al, 2018). However,
encapsulation technique seems to enhance stability, protect sensitive probiotic lactic acid
bacteria from oxygen, freezing and acidic conditions during production, storage and
gastrointestinal transit (Ningtyas et al., 2019). In vitro screening to validate the strain to own
putative probiotic characteristics is a mandatory regimen prior to be used in food products
and therapeutic application (Food and Agriculture Organization (FAO)/World Health
Organization (WHO), 2002). Recent advancements are leading to development of synbiotic
foods, a selective blend of probiotics and prebiotics (Salmeron, 2017), cereal-based products
have been developed mainly for the synergistic effects of the two and dietary fibers, where
the prebiotic functions as “a substrate that is selectively used by host microorganisms
conferring a health benefit” (Gibson et al, 2017). The primordial concept of cereal-based
fermented foods is implemented into development of new functional oat-based fermented
beverages as healthy, fast and convenient supplementary foods (Angelov et al, 2018). Oats
consumption in human diet has been increased because of health benefits associated with
dietary fibres, B-glucan, phytochemicals and phenolic components present. Functional
component - glucan claims the prebiotic function in the gastrointestinal tract, supporting
the growth of beneficial microbial groups, slowly digestible fraction of oat starch moderates
the glycemic response (Angelov et al, 2018). It is essential that commercialized probiotic
products which make health claims meet the minimum criterion of 1¥10° CFU/g or mL of the
product at expiration date. Accordingly, the minimum dosage of probiotic cells per day for
any beneficial effect on the consumer corresponds to an intake containing 10°-10° CFU/g or
mL per day (Kechagia ef al, 2013), more precisely viable count of 10° CFU/g or mL is
recommended to compensate for reduction during passage through the gut to exert
therapeutic effect (Guevarra and Barraquio, 2015). This study aimed at developing a ready
to serve indigenous probiotic oats milk drink fermented with microencapsulated
L.plantarum with therapeutic properties and an alternative to dairy milk.



Materials and methods

Alternative to

As the developed product would be recommended for therapeutic usage after the conduct of dairy products

suitable randomized control trials, the study was registered in the Clinical Trial Registry
India (CTRI) with Ref ID CTRI/2018/07/014873 and obtained ethical approval with Ref ID
CMMHEC/18/03. Data on clinical trial results were not presented in this current report.

Isolation and identification of probiotic strain

The organism used in this study was isolated from the fermented grain broth and screened
for putative probiotic characteristic with specific zn vitro tests as given by ICMR-DBT, 2011
using standard methodology. In vitro screening tests performed were resistance to gastric
acidity (pH), bile acid resistance (Hassanzadazar et al., 2012), antimicrobial activity against
potentially pathogenic bacteria and bile salf hydrolase activity (Tanaka et al, 1999). In
addition to these tests /ipase inhibitory activity (Mopuri and Meriga, 2014) and antfi-
cholesterol assay (Pant et al,, 2015 and Randox Laboratories, 2009) were also performed to
find out the lipid metabolizing effect of the isolated strains. Polymerase chain reaction
(PCR)-based techniques and 16S rRNA sequencing was carried out to identify the genus and
species of the selected isolated organism.

Microencapsulation of probiotic strain

Preparation and identification of microencapsulated L.plantarum. Encapsulation refers to a
physicochemical or mechanical process to entrap a substance in a material to produce
particles with diameters of a few nanometres to a few millimetres. The capsules are
small particles that contain an active agent or core material surrounded by a coating or shell.
Encapsulation shell materials include a variety of food grade polymers, such as alginate,
chitosan, carboxymethyl cellulose, xanthan gum, starch, carrageenan, gelatin, pectin, fats
and waxes (Shori, 2017), depending on the core material to be protected. Cultures of
L.plantarum were obtained by inoculating the strains in Man, Rogosa and Sharpe (MRS)
broth under anerobic conditions at 37°C for 36h, and the cultures were harvested by
centrifugation and washed twice with sterile peptone (Cortés et al., 2014). The cells of the
L.plantarum strain were made to get trapped and encapsulated inside the granules within
the matrix of starch and cellulose. Morphology of dried microcapsules were observed with a
Scanning Electron Microscopy (SEM). All the equipment used for the microencapsulation
procedure were cleaned using propanol and sterile environment was maintained throughout
the process. Schematic flow of the process given as Figure 1.

Preparation of fermented probiotic oats milk using microencapsulated L.plantarum.
Preliminary studies were conducted to evaluate the suitable method for extraction of milk
from oats grain, standardization on the concentration of microencapsulated L.plantarum (1
to 5%) to be used for preparing the probiotic fermented oats milk drink and duration of
fermentation to attain desirable colony counts of 10® CFU/mL using MRS agar.

The same process of extraction of milk from oats grain as explained in a study by
Sangami and Radhaisri (2018) was followed. Split oats grain was used for the milk
extraction as it retains better yield than the whole grain or oat meal. Prior to soaking, the
spilt oat grain was tempered in water boiled at 80°C for 3 mins and drained. The tempered
oats grain was then soaked in 150 ml of sterilized hot water for 12h at room temperature,
ground in a mixer grinder and the slurry filtered using a nut milk bag till the oats milk is
completely extracted. The extracted milk was then sterilized using steam under pressure at
1212C for 15-20 min under 15 psi pressure (Earle and Earle, 2004). The sterilized oats milk
extract was then inoculated with 3% microencapsulated L.plantarum granules at aseptic
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Figure 1.
Schematic
representation of
microencapsulation
procedure of
L.plantarum

and washed twice with 0.9% sterile peptone

. 4

[Lplantamm cells were harvested by centrifugation at 6,000 x g for 15 minJ

[ Resuspend the cells in 30 ml sterile solution of 10 % gelatinized starch.

. 4

( Prepared separately premix of 50 g starch and 15 g of cellulose and mixed
well. Added 50 ml of the cell suspension gradually to the premix and

blended well (mortar and pestle) to get homogenized mix

. 4

[ Homogenised mix then passed through a sterile pharmaceutical sieve (size ]

No.10) and the granules were collected and allowed to dry at controlled
environment (< 35°C).

. 4

The cells of the L.plantarum strain gets trapped and encapsulated inside the
granules within the matrix of starch and cellulose.

p

conditions, mixed well, closed air tight and kept at room temperature with constant shaking
at intervals and allowed to ferment for 2024 h.

Preparation of flavoured fermented oats mulk with microencapsulated L.plantarum. First
trial was conducted to find out the suitability of the flavours with the fermented probiotic
oats milk. Among the nine different sweet flavours (almond, banana, rose, grape, orange,
chocolate, pineapple, strawberry and cardamom) and spice flavour (dry roasted and
ground — cumin, fennel, pepper and curry leaves), strawberry and spice-flavoured fermented
oats milk drink had satisfactory palatability and was selected for further enhancement of
sensory characteristics.

In the second trial, dehydrated natural fruit/vegetable powders, fruit syrup and
dehydrated fruits were used instead of synthetic flavours. Strawberry flavored drink was
further enhanced by replacing synthetic strawberry flavour with 2.5% of strawberry fruit
syrup, 1.5% of dehydrated strawberry powder, 2.5% of cane sugar and 0.5% of stevia
powder to 100 mL of the fermented oats milk. Spice flavored drink was further enhanced by
adding 1% of spice mix powder (with added dehydrated onion powder) and 0.5% of salt to
100 mL of the fermented oats milk.

Sensory evaluation

Organoleptic evaluation of the strawberry and spice flavoured fermented probiotic oats milk
drink with microencapsulated L.plantarum was performed with ten trained panelist in
analyzing the colour, flavour, consistency, mouth feel, taste and overall acceptability based
on a nine-point hedonic scale ranging from 1 (dislike extremely) to 9 (like extremely)
(Wichchukit and Omahony, 2015). Sensory test was carried out in a laboratory setting with
each panelist in an individual booth. The strawberry and spice flavoured probiotic oats milk
drink was coded and set for evaluation by the panelists. Water was provided for panelists to
cleanse their palate between samples.

Quality analysts
The developed strawberry and spice-flavoured fermented probiotic oats milk drinks were
evaluated for quality characteristics. Assoctation of Official Agricultural Chenusts (AOAC)



protocol was used to determine all the physicochemical (pH, titrable acidity (TA), viscosity,
total solids and moisture content) and nutritional (fofal energy, protein, carbohydrate, total
dietary fiber) parameters except for B- glucan (Semedo ef al., 2015), antioxidant property by
DPPH assay (Gadow et al., 1997) and free fatty acid content using Gas Chromatography (GC)
with flame ionization detection (FID) method (Paszczyk et al., 2017). The products were also
evaluated for enumeration of colony counts of L.plantarum (desirable range of 10° CFU/mL)
using MRS agar and shelf-life analysis.

Packaging and storage

Studies reported that probiotic yoghurts packaged in glass bottles found to prevent oxygen
diffusion and had significantly higher survival rate of probiotic organism, glass bottles also
found to have the lowest Moisture Vapour Transmission Rate (MVTR), a bottle seal that
adheres well to glass must be chosen to prevent moisture ingress (Fenster et al, 2019).
Accordingly, the developed flavoured fermented probiotic oats milk drink was packed in
sterilized glass hottle, sealed immediately with airtight lid and stored refridgerated at 4°C.
Refrigeration is required to help maintain probiotic viability to deliver adequate dosage
throughout the shelf life and to avoid metabolic activity of the probiotic organism and
spoilage (Garcia et al., 2018).

Statistical analysts

Analysis of all the parameters were conducted in triplicates, mean and standard deviation
was used to describe the continuous variables, for multivariate analysis Kruskal-Walli’s
test followed by the Mann—Whitney U test was used to compare physicochemical, nutrient
and antioxidant property of fermented and non-fermented oats milk drink and for bivariate
samples, Mann—Whitney U test was used to compare sensory scores of spice and strawberry
flavoured oats milk drink. Statistical analyses were conducted with IBM.SPSS statistics
software 23.0 Version and significance was set at p < 0.05 for all analyses.

Results and discussion

Sensory properties

The mean score for all the sensory characteristics such as colour, flavor, consistency, mouth
feel, taste and overall acceptability was above seven- over nine-point scale for both the
strawberry and spice flavoured probiotic oats milk (Table 1). The mean total sensory score
for spice flavored probiotic drink was higher (47.5) than the strawberry flavoured drink
(45.4). Flavour 1s one of the major characteristics of nondairy symbiotic drink, and it is
important to balance the oat flavor and the texture of the final product (Wang et al., 2017).
Interestingly both the spice and strawberry flavoured probiotic drink secured highest mean

Sensory characteristics
Overall
Probiotic drink Colour Flavour Consistency Mouth feel —Taste acceptability  Total

Strawberry flavoured 7.7 = 0672 7.2 +063* 74+05* 76=0.69° 7.8 = 063" 7.7+082* 454+3.3
Spice flavoured 79 +099* 7.8 +091* 7.8+ 0.78" 76+ 0.84" 84+ 069" 80+ 094" 475=*4.0

Note: Mean (SD) values (z = 10) within a column with different lowercase letters are significantly different
according to Mann—Whitney test (p < 0.05) in sensory characteristics between fermented spice flavoured
and strawberry flavoured drink
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Table 2.
Physicochemical
characteristics and
nutrient content of
the flavoured
probiotic oats milk
drink

score for the taste attribute and differ significantly as well (p = 0.03). Study on sensory
properties (Everitt, 2009) reported that a mean liking score of 7 or higher on a nine-point
scale is usually indicative of highly acceptable sensory quality, and a product achieving this
score could be used confidently as a good illustration of “target” quality. Thus, both the
spice and strawberry flavoured probiotic oats milk drink presumed to provide physical
references to illustrate the sensory quality that realistically represents the consumers’
acceptance limits.

Enumeration of colony counts

FAO/WHO 2002, recommends that probiotic bacteria should be present in the range of 10°—
10°CFU/mL or g in any food product at the time of ingestion, to exert their positive effect on
the host. Viable cell concentration after the addition of the flavouring substance and
sweeteners to the spice and strawberry flavoured probiotic oats drink was ensured by
estimating the colony forming unit number on MRS-agar plate after incubation at 37°C for
24-48h. The enumerated colony counts of spice and strawberry flavoured drink was 2.5 x
10% and 2.3 x 10® CFU/mL, respectively. Though a minimum viable number of 10° CFU per
ml was suggested, a viable count of 10°-10° CFU/mL or g was recommended to exert
therapeutic effect (Zheng et al, 2017). The viable counts of microencapsulated L.plantarum
in both the flavoured probiotic oats milk drink ensured the prescribed viable count, intended
to claim therapeutic effects and health benefits.

Physicochemical analysis

The physicochemical characteristics such as pH, titrable acidity (T A), total solids and viscosity
are related to stability of bicactive components in plant derived products and not much
difference observed with the values of all physicochemical parameters among both the flavours
(Table 2). Adding probiotic starter culture will cause decrease in pH and increase in titrable
acidity at the end of the fermentation period due to acid production (Tomovska et al, 2016). pH
and titrable acidity of the spice and strawberry flavoured probiotic oats drink was relevant
with the above said and differed significantly (p < 0.05) than the nonfermented oats milk
without the probiotic culture. This decrease m pH can be due to the lactic acid bacteria

Fermented with microencapsulated L.plantarum

Parameter Non fermented (100 mL)  Spice flavoured (100 mL) Strawberry flavoured (100 mL)
pH 4.3 +0.07 4.1 +0.10° 4.1 +0.10°
Titrable acidity (%) 0.34 + 0.03" 0.41 +0.01? 0.40 = 0.02%
Total solids (%) 8.01 = 0.28 10.9 =+ 0.260% 9.4 +0.52°
Viscosity(cPS) 3.0° 236 + 1.52° 20.6 = 0.57°
Moisture g (%) 91.9 = 0.28" 89.1 = 0.26" 90.6 = 0.52¢
Energy (Kcals) 329+18° 34.6 +25° 66.3 = 3.22
Carbohydrate (g %) 7.3+0.19° 6.0 +0.25° 139 =+ 0.36%
Protein (g %) 0.89 = 0.10° 1.1+018" 1.6 =0.11%
Fat (g %) 0.37 +0.14" 0.62 + 0,06 0.43 + 0,232
Dietary fiber (g %) 4.4 + (.23 32 +0.37° 2.8 +0.25°
B-Glucan (g %) 0.86 = 0.01? 0.88 = 0.01% 0.87 = 0.01%

Note: Mean (SD) values (z = 3) within a row with different lowercase letters are significantly different
according to Mann—Whitney’s test (p < 0.05) in physicochemical and nutrient content between non
fermented and fermented spice and strawberry flavoured drink




producing organic acids, mainly lactic acid. The type of probiotic bacteria, fermentation time
and their interaction significantly influences the pH (Gao et al., 2019). Studies illustrate (Shah,
2007) that tolerable level of pH and triable acidity for the probiotic food products should range
between 7—4.5 (pH) and 0.3-1.9% (TA), the products developed in the present study stayed well
within the permissible range advocated and also understood that there would be a better
survivability of L.plantarum in cereal based probiotic beverages. Usually, probiotic products
with low pH containing encapsulated probiotic bacteria were more stable than those containing
free probiotic microorganisms. Terpou et al (2019) reported that encapsulated probiotic
bacteria survived better in acidic environment throughout the entire storage period, whereas
free probiotic bacteria showed a reduction in viability. Viscosity increased significantly in the
fermented spice and strawberry flavoured probiotic drink than the nonfermented sample (p =
0.03). Reduced viscosity in the strawberry flavoured drink than the spice flavoured drink could
be due to the diluting effect of sweetening agent added. Heating of cereal grains induces a series
of structural changes, namely, gelatinization, where amylose dissolves, leaches, in water and
mcreases the viscosity of the suspension (Stefano et al., 2017).

Proximate nutrient analysis

Strawberry flavoured drink had significantly higher energy (p = 0.05) and carbohydrate (p =
0.05) content compared to the spice flavoured drink due to the addition of sweeteners.
Subsequently, protein content shows significant increase after fermentation in both spice (p =
0.05) and strawberry (p = 0.04) flavoured drink (Table 2). Fermentation increases microbial
protease activity which partially degrade and release some of the proteins from the matrix
(Cabuk et sal., 2018). Protein hydrolysis during fermentation generates more peptides, free amino
acids and thereby enhances the protein digestibility (Melini ef al, 2019), with Lb.rhamnosus SP1,
Weissella confusa DSM 20194 and Lb. planiarum T6B10 strains (Lorusso ef al, 2018). Moreover,
fermentation activates starch-hydrolyzing enzymes such as a-amylase and maltase which
degrade starch into maltodextrins and simple sugars making it easy for digestion (Nkhata et al,
2018). Low fat, moderate calorie and high fiber content in the flavoured drinks would favour
healthy options for weight watchers and individuals with other comorbidities.

Though spice-flavoured drink had higher total dietary fiber content than the strawberry
flavoured drink, no difference was seen in the soluble fiber B-glucan content present in both
the fermented drinks and nonfermented oats milk (p = 0.31). It is clear that the functional
ingredient B -glucan was unaffected by the probiotic culture L.plantarum as the quantity is
maintained even after fermentation process. The US Food and Drug Administration and
Health Canada have accepted 3g as an effective daily intake of oat B-glucan to reduce
serum LDL cholesterol (Health Canada, 2010). Consuming 350 ml of the developed probiotic
drink would provide the required quantity of oat B-glucan sufficient to contribute
hypolipidemic effect.

Antioxidant property and free fatty acids present

Antioxidant activity/property is the ahbility of bioactive compounds to prevent, delay and
protect against oxidation of various substrates. Phenolic antioxidants can thus play an
important role in preventing deterioration of foods and maintaining their quality (Alu'datt
et al., 2019). Antioxidant supplements or foods containing antioxidants would greatly help
in reducing oxidative damage, free radical scavenging rate and reducing activity of
superoxide dismutase (SOD) and glutathione peroxidase (GPX) in the human body (Mishra
et al., 2015). Both the flavoured probiotic oats milk drink hold good antioxidant property as
determined by inhibitory effect against DPPH free radical scavenging assay (Table 3).
Strawberry and spice flavoured drink observed to have 46.4 and 43.3% of inhibitory effect
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Table 3.
Antioxidant property
of flavoured probiotic
oats milk drink
(DPPH free radical
scavenging assay)

against maximum concentration (1 mg) of the flavoured probiotic oats drink, respectively.
Antioxidant potential increased after fermentation process with microencapsulated
L.plantarum showing significant difference between nonfermented oats milk and spice
flavoured (p = 0.05), strawberry flavoured (p = 0.05) probiotic oats milk drink. Irrespective
of the food substrate, fermentation with putative microbes results in the modification of
imnherent constituents, secondary metabolites, detoxification of toxic components/residues
and improvement in the functionality of the food product (Adebo et al, 2019; Adebiyi et al,
2019). Most lactic acid bacteria (LAB) have scavenging systems for oxygen free radicals;
thus, probiotics from the LAB family can be potential candidates for the production of
functional foods or natural antioxidant supplements. Kumar et ¢/ (2010) in a study exhibited
the antioxidative attributes of the intact cells of L.plantarum AS1 isolated from the South
Indian fermented food kallappam. In addition, studies show that the phenolic acids in oat
possess antioxidant properties. Phenolic fractions from fermented oats, demonstrated
greater DPPH and 2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS™) radical
scavenging abilities than the unfermented oats (Bei et al., 2017).

The scavenging effect and the antioxidant property perceived in the present study could be
owed to the key ingredient oats and fermentation leads to increase in phenolic and flavonoid
compounds due to microbial hydrolysis reaction, resulting in structural disintegration of cell
walls leading to either liberation or synthesis of different antioxidant compounds (Panghal
et al., 2017). Consequently, fermentation may be a potential approach to improve oats’ phenolic
content and antioxidant capacity for functional foods in health promotion.

Strawberry and spice flavoured probiotic oats milk drink exhibited presence of 15
volatile compounds specifically free fatty acids. The highest area covered were by 1,54-
dibromo-Tetrapentacontane (31.2%), Di-n-decylsulfone (66.1%) and the least was 24-
Dimethylecosane (0.04%). Previous study reports that food fermentation mediated by
probiotics can effectively lead to the essential fatty acids release which helps to modulate the
imntestinal mucosal wall and improves the barrier between pathogenic and beneficial
microorganisms (Emadi-Koochak et al, 2019). 1,54-dibromo-Tetrapentacontane reported to
have antioxidant, antitumour, hypolipidemic and antiviral property (Enema et al., 2019;
Abdelhamid et al., 2015).

Shelf hife
Probiotic organism should not adversely affect the taste or aroma of the product or
acidification during the shelf life of the product. Sensory properties have a vital role in

Inhibition (%)
Fermented with microencapsulated
L.plantarum
Concentration (mg) Non fermented Spice flavoured Strawberry flavoured
0.2 5.4 =+ 0.02° 33.0 =0.01° 35.1 +0.022
0.4 6.2 = 0.02° 34.4 +0.01° 369+ 0.012
0.6 9.8 +0.01¢ 35.7 = 0.01° 394 +0.012
0.8 12.8 = 0.02° 38.1 +0.02° 424 +0.022
1.0 16.1 = 0.01°¢ 43.3 = 0.02° 46.3 = 0.01*

Note: Mean (SD) values (z = 3) within a row with different lowercase letters are significantly different
according to Mann—Whitney’s test (p < 0.05) in antioxidant property between non fermented and fermented
spice and strawberry flavoured drink




product acceptance by consumers. Exploration of the shelf life of the developed probiotic oat
drink at refrigerated temperature (4°C) was conducted for a period of 16 days with periodical
observation of the sensory properties at every alternative day (2nd, 4th, 6th, 8th, 10th, 12th,
14th and 16th day). The observation signifies that the spice flavoured drink had acceptable
sensory properties for 12days and strawberry flavoured drink for 14 days. Both the
products had viable cell counts in the range of 10°-10° CFU/mL at the end of estimated shelf
life period, which ensured the existence of desirable probiotic characteristics of the drink
and evidenced that the addition of spices, sweeteners, salt or other flavouring substance did
not affect the strain’s viability during storage.

Conclusion

The isolated and microencapsulated L.plantarum strain used in this study possess good
viability in both the spice and strawberry flavoured probiotic oats milk drink and had good
shelf life period of two weeks without addition of any preservatives. The developed product
remained to be stable without phase separation throughout the course of storage period, had
tolerable pH and triable acidity, packed with essential proximate nutrients and other
functional components such as B-glucan, antioxidant property and free fatty acids. It may
act as good alternative to serve individuals with lactose intolerance, gluten or casein
sensitivity/allergic reactions and to compliment probiotic option for vegans. The
observations depicted that microbial fermentation may be used as suitable and inexpensive
technology in formulation of health promoting foods with functional components.
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