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ARTICLE INFO ABSTRACT

Keywords: To commercialize functional foods, probiotics must exhibit high resistance and acceptable sta-
Fortification bility under various unfavorable conditions to maintain the quality of fruit juices. This study will
Probiotics

provide an insight into fortification of orange juice with a plant probiotic Kocuria flava Y4 by
microencapsulation. Therefore, this study investigated the colony release, physicochemical and
phytochemical parameters, and antioxidant activity of the orange juice exposed to micro-
encapsulated probiotics and the one without probiotics (control). Evaluation of orange juice on
the growth of probiotic bacteria showed that the fortification with alginate and psyllium micro-
particles showed highest encapsulation efficiency (99.01%) and acceptable viability of probiotic
cells (8.12 + 0.077 CFU/mL) during five weeks storage at 4 °C. The morphology and functional
properties of beads was studied by SEM, Zeta-potential and FTIR analysis. The sucrose and
organic acids concentrations decreased significantly during fortification period (0-72 h) except
ascorbic acid. Furthermore, glucose, pH, acidity, TSS were maintained. The results affirm the
suitability and feasibility of developing a plant probiotic beverage using orange juice by encap-
sulation method.

Encapsulation
Storage
Orange juice

1. Introduction

Consumers are currently interested in functional foods and beverages that are both very nutritious and healthy, thus incorporating
live probiotic bacteria into dairy and non-dairy diets is one possibility. Fermented milks, pharmaceutical, and dairy products typically
provide probiotics. In addition, intolerance of lactose and changing way of life (vegetarians and vegans) have raised interest in non-
dairy probiotic foods like granolas, meats, juices, dry fruits, jams, and some plant-based materials for transportation of probiotics [1,2].
Non-dairy beverages have recently been identified as potential dietary matrices for probiotics. Additionally, plant-based materials
contain functional components [3]. In this context, beverages from fruits are gaining popularity because they provide a simple and
comfortable way to ingest fruits that are high in health-promoting components [4]. Thus, the demand for high-quality, fresh fruit juices

* Corresponding author.
E-mail address: research.sangeeta@gmail.com (S. Raut).

https://doi.org/10.1016/j.heliyon.2023.e17509
Received 5 September 2022; Received in revised form 11 June 2023; Accepted 20 June 2023

Available online 26 June 2023
2405-8440/© 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:research.sangeeta@gmail.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2023.e17509
https://doi.org/10.1016/j.heliyon.2023.e17509
https://doi.org/10.1016/j.heliyon.2023.e17509
http://creativecommons.org/licenses/by-nc-nd/4.0/

A. Barik et al. Heliyon 9 (2023) e17509

Abbreviation

PG Persian Gum

EE Encapsulation efficiency
TSS Total soluble solids

TTA Total titratable acidity

HPLC High performance liquid chromatography
TFC Total flavonoid content

TPC Total phenolic content

DPPH  2,2-diphenyl-1-picryl-hydrazyl-hydrate

are constantly expanding around the world, especially as there is a growing awareness of the benefits of integrating healthy juices and
fluids in the human diet instead of soft drinks and sweetened beverages [5]. Consumption of citrus fruits and their products has been
reported to be inversely related to various diseases. Moreover, orange juice is an ideal transporter of probiotic microbes since it
contains vital components, has a pleasant flavor, and is popular among people of various ages. However, research has identified
significant challenges for production of these food products, including the problem of live probiotics survival in harsh environments.
Similarly, drinks of non-dairy probiotics currently in the market have a relatively short shelf life [6]. Additionally, viability and
functional activity of probiotics are readily deteriorated when exposed to numerous adverse circumstances that occur during pro-
cessing of food (e.g., high degree of heat), preservation (e.g. acids, oxygen and other specific components in food) and transportation.
To prevent such viability losses, effective probiotic microencapsulation into a matrix of polymer as a protective layer is a potential
strategy that also acts as a probiotic micro vehicle [7-9]. The above approach has been proven to promote not just to cell viability in
harsh surrounding environments, but also growth of cell and fermentation efficiency. Particularly, most commonly used assisting
material is calcium alginate because it is simple, non-toxic, biocompatible and inexpensive [10]. However, owing of its poor
permanence due to existence of Ca?* and anti-gelling removing cations (magnesium ions and sodium), its employment as a micro
vehicle system may be limited. Furthermore, alginate gels have elevated porosity and are susceptible to environment of low pH, which
might result in an unwanted faster and earlier cell leakage. Earlier studies indicated that either adding other polymer matrices to
alginate beads or coating them by poly cations (e.g., poly-L-lysine, chitosan) could enhance the permanence and safety of the alginate
capsule. Poly-catalytic hydrogels can make microencapsulated beads with outstanding stability and durability through ion exchange
among a negatively charged alginate structure. Poly cationic compounds (like poly-L-lysine, chitosan, and gelatine) have demonstrated
the potential to make ion-exchange relationships with alginate structures having negative charge; hence performance of the encap-
sulating matrix improves. Alginate in combination with the other biopolymers (having properties of prebiotic) can provide the sig-
nificance of probiotics. Prebiotic properties are generally present in numerous herbal-based polymers, like psyllium [11].

The extracted psyllium from Plantago genus, in its physiological state acts as a cationic herbal gel. The structure of psyllium gel is
arabinoxylan and composed with arabinose (side chains) and xylose (backbone). Furthermore, herbal-based hydrogels like Persian
Gum (PG) are inexpensive, innovative, and have prebiotic and growth-promoting characteristics [12]. Persian Gum is a hydrogel
produced by mountain almond (Amygdaluss coparia Spach) plants trunk bark under physiological conditions. The gel is a poly-
saccharide, and is made up of rhamnose, galactose and (1 — 3) p-D-Galp. As a result, if it is correctly adapted for poly (AAm) utilization
of N, N-MBAAm and ammonium persulfate (APS), it could be a leading contender for microencapsulation [13].

Despite the fact that certain research on the fortification of orange juice are accessible in the literature, we still don’t have much
idea about the viability and survival of individual probiotic strain during fortification and the storage period. This study will provide an
insight into fortification of orange juice with a plant probiotic Kocuria flava Y4 (isolated and identified in our previous study) by
microencapsulation. It is the first report on analysis of physicochemical and phytochemical properties of the functional beverage
exposed to probiotic K. flava Y4.

2. Materials and methods
2.1. Microorganisms and inoculum preparation

The Kocuria flava Y4 strain isolated from Dioscorea villosa L. leaves and its characterization made in our previous study [14] has
good acid and bile tolerance along with good hydrophobicity. This strain was maintained at 35 °C and stored at 4 °C on nutrient agar
slants. It was inoculated in nutrient broth to grow the culture for overnight, and the pellet and supernatant were separated by
centrifugation at 10,000 rpm for 15 min. The pellets were then stored at 4 °C for further analysis. Moreover, it is a functional probiotic
with robust fermentation capability and produces rich metabolites.

2.2. Extraction of Persian Gum (PG)

Simas- Tosin’s method [15] was used with certain changes for gel purification formed from PG. In a nutshell, 30 g of dehydrated PG
was dissolved in 1000 mL of distilled water at 70 °C (pH 8) and kept for 12 h. To eliminate insoluble residues, the fumes in the gel were
exacerbated by centrifugation with high-speed at 18000xg for 20 min. The purified gel was left to dry at 40 °C in the oven (Bionic
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scientific, India) and finely grounded before used in the microencapsulation process.

2.3. Psyllium gel extraction

The psyllium gel was extracted using a process explained by Guo et al. [16] with little modifications. In brief, 10 g of dried psyllium
husk was dissolved in 200 mL of water at 80 °C and shaken vigorously up to 18 h till the gel was formed. The gel phase was separated by
centrifugation at 18000xg for 15 min. Then, 2 M NaOH solutions were dissolved in the separated gel and centrifuged (15 min,
18000xg) after being shaken for 120 min at 37 °C. In the alkaline phase, HCl (2 M) was added to neutralize the solution and the
mixture was centrifuged (15 min, 18000xg). As an encapsulation matrix, a yellow colour gel was kept separate and rinsed with
distilled water.

2.4. Microencapsulation of probiotics

With slight modifications, probiotic capsules were made using the procedure described by Chaikham et al. [17]. A sterile sodium
alginate (3% v/v) solution was mixed with various gums (psyllium and PG) (SRL, India) and cell pellets (20% v/v). The solution was
exposed dropwise into a 0.1 M sterilized calcium chloride solution (Himedia, India) by a sterile needle of 0.5 mm (Nipro, Japan) and
kept for 30 min for bead formation. The sterile beads were then cleaned with 0.85% (w/v) sterilized saline water and used for
fortification of orange juice.

2.5. Orange juice

Sweet orange [Citrus sinensis (Mill.) Pers.] a hybrid between pomelo [Citrus maxima (Burm.) Merr.] and mandarin (Citrus reticulata
Blanco) locally called as Nagpur santra (generally present all over India and when fully ripened shows brilliant orange colour) were
purchased from local market of Bhubaneswar, Odisha, India. The fruits were washed and peeled. The oranges were then squashed,
separating the juice and pulp. The juice (100 mL) was sterilized in three Schotts Duran bottle for 15 min by a probe sonicator at 80%
amplitude (on/off per 3 s). Following this, the pasteurized juices were inoculated with Kocuria flava Y4 entrapped in three different
encapsulants (Psyllium, PG, Psyllium + PG). Pasteurized orange juices with three different encapsulants exhibited a microbiological
load (2.63 CFU/mL) within permissible range. These samples were further fortified for 72 h at 37 °C in an incubator (Fig. 2a). The
living cells in the samples were tallied using the conventional process. In this process a total of 0.5 g of microcapsules were kept in 10
mL of sterile phosphate buffer (pH 7.0) for 1 h at 30 °C. After grinding the microcapsules into a solution, the encapsulated bacteria
were released. Following serial dilutions, the bacteria were cultured on nutrient agar plates to check their viability.

2.6. Physicochemical properties

2.6.1. TTA, pH and total soluble solids (TSS) determination

After diluting the juice (1:10), TTA was determined by titrating against 0.1 N NaOH solution to a pH 8.5 endpoint, then results were
expressed as percentiles of total acidity. A pH meter (Esico, India) was used to determine the pH of the juice at 25 °C. The TSS (°Brix) in
the juices was measured using a benchtop digital refractometer (HI96801 refractometer, India).

2.6.2. Determination of sugars and organic acid

The HPLC system (LC-10A HPLC Series, Shimadzu, Kyoto, Japan) incorporated by a pump was used for sugar such as glucose and
sucrose (Sigma Aldrich) analysis by a detector of RID-10A (refractive index) and organic acid by a sensor of UV/Vis (SPD-20A)
operating at 210 nm. Simultaneously organic acids and sugars were evaluated on a Bio-Rad Aminex HPX-87H column (300 x 7.8 mm)
at 55 °C. The following analytical conditions were used: 0.3 mL min~! flow rate, 0.045 N H,SO, eluent with 6% acetonitrile (v/v).

2.7. Phytochemical properties

2.7.1. Determination of total anthocyanin content

The pH differential absorbance process was used to calculate total anthocyanin content of orange juice [18]. Diluting the samples
with potassium chloride (pH 1.0) and sodium acetate (pH 4.5) buffers resulted in absorbance less than 1.00 at wavelengths of 510 and
700 nm respectively. The orange juice absorbance was calculated using the following equation (1):

A=(Asi0 — A700 ) 10 — (Asio —Agoo ) (€D
The anthocyanin concentration was observed by cyanidin-3-glucoside, and the outcomes were represented as total anthocyanin in
mg present per liter of sample.

A x MW x DF x 1000
Anthocyanin concentration (mg /L) :% 2)
X

Where, A = orange juice absorbance, MW = Cyanidin3-glucoside molecular weight (449.2 g/mol), DF = Dilution Factor of orange
juice (150), L = Path length (1 cm).
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2.7.2. Total flavonoid content (TFC)

The process used to determine the TFC was proposed by Viacava et al. [19]. The reaction mixture with composition of 1.28 mL of
deionized HoO and 0.06 mL of NaNOs (50 g/L) (SRL, India) were added with 0.2 mL of ethanolic extracts. Adding 60 pL of AlCl3 (100
g/L) (SRL, India) after 5 min at 20 °C was accompanied by the inclusion of 0.4 mL of NaOH (40 g/L) (SRL, India) 6 min later under same
conditions. After mixing the mixtures, the absorbance at 510 nm was observed using a microplate reader. The concentration of total
flavonoid was found in mg of quercetin equals 100/mL (SRL, India) of orange juice. The standard curve for quercetin was constructed
in the range of 0.05-1.2 g/L.

2.7.3. Total phenolic content (TPC)

The analysis of TPC was performed in accordance with Cassani et al. [20], including slight changes. In brief, an extract of 15 pL was
added in a well along with 75 pL of water-diluted folin-ciocalteu reagent (1:10). Following after 3 min of incubation at room tem-
perature, 60 pL of 7.5% sodium carbonate solution was mixed to the reaction solution and kept for 120 min incubation. Following
incubation period, every sample was monitored in triplicate at 765 nm using a spectrophotometric microplate reader (BIO RAD, USA).
To compare absorbance values, a calibration curve of gallic acid was employed. The findings are represented by mg gallic acid
equivalent (GAE) per 100 g of fresh product.

2.7.4. DPPH radical scavenging activity determination

The orange juice DPPH radical scavenging activity was monitored using the procedure given by Mousavi et al. [21] with some
modification. 2.9 mL of DPPH solution was added to a 0.1 mL volume of sample. After vigorous agitation, the mixed solution was
placed in a dark condition for 30 min. The decrease of DPPH in the mixed solution was evaluated using UV-Vis spectrophotometer
(Thermo Fisher Scientific, USA) to measure the samples absorbance against a control (DPPH solution without sample) as blank at 517
nm. The inhibition percentage (%) was computed by using the following equation (3):
Ablank —-A

Inhibition (%):{ " “’”‘P’”} x 100 3)
blank

2.8. Encapsulated probiotic microcapsule analysis
a) Morphological analysis

Surface morphology of K. flava Y4 beads encapsulated with psyllium and sodium alginate was analyzed under SEM (Hitachi, Flex
SEM 1000) at 10 kV and magnification 37 x and 1000x. Samples were prepared for SEM carefully by lyophilization.

Using a Zetasizer (Nano ZS, Malvern Instruments, UK), the zeta potentials of the microencapsulated beads were measured for
confirmation of psyillium and sodium alginate surrounding layers. After washing the beads with sterile distilled water, they were
loaded into the capillary cell containing a small amount of deionized water. Then the analysis was carried out at 25 °C with
90°scattering angle.

b) FTIR Analysis

In order to identify the functional groups associated with K. flava Y4 encapsulated with psyllium and sodium alginate beads, FTIR
spectroscopic analysis was performed. The analysis was conducted using attenuated total reflectance-Fourier transform infrared
spectroscopy (ATR/FT-IR-4600, JASCO, Japan). Peaks represent IR transmittance at specified frequencies, and IR spectra tables were
used to analyze them.

2.9. Effect of storage conditions on probiotic cell viability in orange juice

Probiotic-fortified orange juice was kept at 4 & 1 °C for five weeks. At seven-day intervals, the viability of probiotics (log CFU/mL)
in juice sample was investigated until the cell load reached 6 log CFU/mL.

2.10. Sensory profile

The sensory profile study was carried out to determine the consumer acceptability of fortified orange juice prototypes encapsulated
with various encapsulants (pysillum, PG, pysllium + PG). The sensory evaluation study was conducted through hedonic tests for
inexperienced participants to evaluate a product. The sensory analysis included 160 inexperienced people, mostly students and staff
from Centre for Biotechnology, Siksha ’O’ Anusandhan (Deemed to be University), Bhubaneswar. Participants were asked to complete
a questionnaire that included demographic and questions regarding familiarity with beverage, as well as a consent form. The 9-point
hedonic scale and the food action rating scale test were used to evaluate the acceptance by consumers. Using a 9-point hedonic scale,
participants rated the prototype on attributes such as aroma, taste, colour, sweetness, and overall preference. The food action rating
scale test used a 9-point scale to assess the frequency of drinking. After collecting the data, the consumer acceptability was assessed.
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2.11. Statistical analysis

All experimental studies were carried out in triplicate. The outcomes of this study are mean values with standard errors. SPSS
statistical software (Version 22.0, IBM, USA) was used to analyze the experimental data. The analysis of variance (ANOVA) (p < 0.05)
has been used, and the Tukey Kramer comparison test was used to estimate the significant difference between treatments (p < 0.05).

3. Results
3.1. Characterization of Kocuria flava Y4 as probiotic

From our previous study it was observed that Kocuria flava Y4 has the ability to tolerate low pH environments in the human GIT at
0.3% and 1% concentration of bile, so it was chosen as a potential probiotic. As a result, it exhibited resistance under both aerobic and
anaerobic conditions to varying concentrations of bile salt (0.15%, 0.3%, 0.5%, and 1%). It displayed the survivability after 30-50 min
of exposure to lysozyme. Pepsin resistance was also observed at pH 2 and pH 3 when exposed for 1 h and 3 h, but less growth was seen
at pH 2 than pH 3. The pancreatin resistance was also observed under pH 8 after 3 h and 4 h of exposure.

3.2. Efficiency of encapsulation (EE)

As demonstrated by our results, some vital differences were observed for efficient encapsulation of K. flava Y4 by using different
encapsulant gum matrices (psyllium, PG and psyllium + PG). A high entrapment efficiency (99.01%) signifies that viable cells were
effectively trapped in the prepared beads, but viable cells are not trapped by only sodium alginate encapsulation due to leakage. Thus,
by using psyllium + PG, PG, psyllium gum as encapsulation matrix along with sodium alginate beads efficiently traps the viable cells.
The EE for psyllium + PG, PG and psyllium gum were observed to be 97.15%, 97.96% and 99.01% respectively. From the above
findings, it is concluded that psyllium gum encapsulation along with alginate beads showed highest EE (99.01%) for viable cells.

3.3. Changes in physicochemical properties during probiotification

3.3.1. Determination of pH, TTA and TSS

Fig. 1 displays the physicochemical parameters of fortified orange juices. The pH and TTA of orange juices were not changed in
fortified and non-fortified orange juice during 0-72 h incubation. In the fortified orange juices (containing probiotic K. flava Y4
encapsulated with three encapsulant gums: psyllium, PG and psyllium + PG), the observed range of pH (3.12 &+ 0.014 to 3.44 +
0.028); titratable acidity (0.55 + 0.094 to 1.64 + 0.16%) and TSS (3.43 + 0.42 to 4.4 + 0.31 °Brix) values were similar to the orange
juice without probiotics. The encapsulated probiotic K. flava Y4 maintains pH, acidity and TSS of orange juice as per the control
sample.
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Fig. 1. a) a) pH profile during fortification of orange juice b) Total tritable acidity during fortification of orange juice c¢) TSS profile during
fortification of orange juice. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of
this article.)
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3.3.2. Sugar contents of the orange juice

Fig. 2 bc depicts the changes in concentration of sugars, namely sucrose and glucose, in each of the four samples (exposed to
different encapsulants: psyllium, PG, pysillm + PG, and control) during fortification period. Glucose concentration increased while
concentration of sucrose significantly decreased. The initial concentration of sucrose and glucose in the orange juice was 1.09 +
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Fig. 3. a) Citric acid utilization during fortification of orange juice b) Malic acid utilization during fortification of orange juice c¢) Ascorbic acid
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version of this article.)
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0.076% and 0.96 + 0.033% respectively. The sucrose content of orange juices treated with psyllium, PG, psyllium + PG encapsulant
matrices and control were observed to be 1.006 + 0.01%, 0.96 + 0.028%, 0.976 + 0.038% and 1.176 + 0.04% respectively after 72 h
of incubation. The concentration of glucose was higher than sucrose with 1.04 + 0.01%, 1.07 + 0.074%, 1.03 + 0.033% and 0.973 +
0.045% in orange juice treated with psyllium, PG, psyllium + PG encapsulants and control respectively. Thus, it can be concluded that
sucrose serves as the primary carbon source for K. flavaY4 during fortification of orange juice. Except control, there is no noticeable
difference in sugar consumption by all the samples.

3.3.3. Organic acid content of orange juice

Organic acids make up the majority of non-carbohydrate soluble solids in citrus juices. In orange juice: citric, ascorbic, and malic
acids were isolated and identified as organic acids. The most abundant organic acid in orange juice was revealed to be citric acid. The
orange juice had an initial citric acid concentration of 5426.41 + 1.19 mg/L. The concentration of citric acid in orange juice treated
with microencapsulated K. flava Y4 in three different gel formulations containing gum matrices (psyllium, PG, pysillium + PG) and
without K. flava Y4 (control) for 72 h incubation were found to be 3613.57 + 2.9 mg/L, 4617.85 + 1.45 mg/L, 6064 + 1.5 mg/Land
5577.27 + 1.04 mg/L respectively. Thus the findings reveal that the encapsulant of psyllium gum shows least concentration of citric
acid in comparison to other encapsulants and the control (Fig. 3a). The second most abundant organic acid in orange juice was malic
acid. Malic acid in orange juice had an initial concentration of 19.26 + 0.118 mg/L. The malic acid concentration of orange juice
treated with designed gel formulations for K. flavaY4 encapsulation (Psyllium, PG, Psyllium + PG) and control (orange juice without
probiotic K. flava Y4) were 14.36 £+ 0.038 mg/L, 15.21 + 0.02 mg/L, 19.46 £+ 0.062 mg/L and 19.52 £+ 0.057 mg/L respectively after
completion of incubation for 72 h. In accordance to the findings, the encapsulant of psyllium gum with K. flava Y4 produced malic acid
in small amounts than other formulations and control (Fig. 3b). Ascorbic acid, an important antioxidant, is abundant in citrus juices,
particularly orange juice. Its concentration is a good indicator of orange juice quality. The initial concentration of ascorbic acid in
orange juice was found to be 4.84 + 0.051 g/L in our study. Ascorbic acid concentrations in orange juice after fortification with K. flava
Y4 encapsulated with three different gums matrixes (psyllium, PG, psyllium + PG) and control (orange juice without probiotics) were
observed to be 8.98 + 0.085 g/L, 5.046 + 0.039 g/L, 4.26 + 0.033 g/L and 5.35 + 0.098 g/L, respectively. On the basis of our results,
psyllium gum encapsulant for K. flava Y4 produces more ascorbic acid in orange juice than other encapsulants and control (Fig. 3c).

3.4. Changes in phytochemical properties during probiotification

3.4.1. Total anthocyanin content of orange juice

The concentration of total anthocyanin in orange juice increases during fortification period. The fortified orange juice with pro-
biotics, K. flava Y4 encapsulated in different gums (psyllium, PG, PG + psyllium) as encapsulation matrices and without probiotic
K. flavaY4 (control) increased progressively (Fig. 4a). From the results, it was observed that the psyllium gum encapsulation served as
best matrix as the anthocyanin concentration of the fortified orange juice (containing psyllium gum encapsulants) enhanced
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Fig. 4. a) Total anthocyanin profile of orange juice during fortification b) Total flavonoid profile of orange juice during fortification c) Total
phenolic content of orange juice during fortification. (For interpretation of the references to colour in this figure legend, the reader is referred to the
Web version of this article.)
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significantly till 72 h. However, no significant difference in anthocyanin concentration of fortified juice exposed to K. flava Y4
(encapsulated with PG and psyllium + PG matrices) and control was observed after 36 h of fermentation. This result could be due to the
poor growth of K. flavaY4 after 36 h. As per result, orange juice with K. flava Y4 (encapsulated with psyllium encapsulant matrices) has
a greater ability to increase anthocyanine concentration than orange juice treated with K. flava Y4 (encapsulated with PG and psyllium
+ PG encapsulant matrices).

3.4.2. Total flavonoid content orange juice

Orange juice fermented with K. flava Y4 probiotics encapsulated in different encapsulated gum matrix (psyllium, PG, psyllium +
PG) and without probiotic K. flava Y4 (control) showed enhancement in the total flavonoid content with increase in time (Fig. 4b).
After 36 h, the total flavonoid content in fortified juice with probiotic K. flava Y4 encapsulated with psyllium gum matrix increased
significantly followed by PG encapsulant, while there was no significant rise in flavonoid content of the fortified juice with K. flava Y4
encapsulated in psyllium + PG mixed gum matrices and control. This result could be attributed to slow growth of K. flava Y4 after 36 h.
Moreover, the juice containing probiotic K. flava Y4 encapsulated in psyllium gum matrices has more flavonoid content (73.2 + 1.23
mg equivalent to quercetin/100 mL) when compared to other encapsulants (PG and psyllium + PG gum matrices), and the control.

3.4.3. Total phenolic content of orange juice

Fig. 4c depicts the total phenolic concentration of orange juice fortified with the probiotic K. flava Y4 encapsulated in different
gums (psyllium, PG and psyllium + PG) and without probiotic K. flava Y4 (control). The phenol concentration of orange juice exposed
to the probiotic K. flavaY4, encapsulated in psyllium was highest (260.33 + 1.18 mg gallic acid equivalent/100 mL) at 36 h followed by
154.5+0.47 (12h), 147.7 +£1.19 (72 h), 135.66 + 1.18 (48 h), 126 + 1.55 (60 h), 107 + 0.77 (24 h) and 100 £ 0.77 (O h). It was also
observed that the total phenol content of fortified orange juice (exposed to probiotic K. flava Y4 encapsulated with psyllium + PG) was
highest (163 + 1.24 mg of gallic acid equivalent/100 mL) in 36 h followed by 121 + 0.93 (48 h), 119 + 1.18 (12 h), 100 + 0.77 (0 h)
68.53 +1.02 (24 h), 57.2 + 0.84 (60 h) and 34.43 £ 1.12 (72 h). Fortification of orange juice with probiotic K. flava Y4 (encapsulated
in PG) displayed highest phenol concentration (152.56 + 0.98 mg gallic acid equivalent/100 mL) at 24 h followed by 76.46 + 1.04
(36 h), 120 + 0.77 (48 h), 16.8 + 0.85 (60 h), 146.33 + 1.18 (72 h) 100 + 0.77 (0 h) and 109.5 + 1.12 (12 h). Although, the con-
centration of phenol in the control was highest (163 + 1.24 mg gallic acid equivalent/100 mL juice) at 36 h followed by 121 + 0.93
(48h),119+1.18(12h),57.2 + 0.84 (60 h), 100 + 0.77 (0 h), 68.53 4 1.02 (24 h) and 34.43 £ 1.12 (72 h). From the above findings,
it is concluded that the encapsulation of the probiotic K. flava Y4 using the psyllium gum encapsulant gives the best results. The growth
of bacteria comes to the declining stage after 36 h of fortification, resulting in an insignificant increase in total phenols.

3.4.4. DPPH radical scavenging activity of orange juice

The DPPH radical scavenging activity represents the antioxidant property of orange juice. In our study, the DPPH radical scav-
enging activity of orange juice exposed to probiotic K. flavaY4 encapsulated with three different gums (psyllium, PG and psyllium +
PG) and without probiotic K. flava¥4 (control) are shown in Table 1. The control shows same antioxidant activity at different time
periods [68.46 + 0.93 (0 h), 67.62 £ 0.57 (12 h), 68.43 + 1.01 (24 h), 68.43 & 1.01 (36 h), 68.62 + 0.94 (48 h), 68.43 + 1.01 (60 h),
68.11 + 0.58 (72 h)]. The orange juice with probiotic K. flavaY4 encapsulated in psyllium + PG gum matrices showed initial decrease
in DPPH radical scavenging activity [68.46 + 0.93 (0 h), 61.23 4+ 0.62 (12 h), 56.29 + 0.59 (24 h)], but it started increasing from 36 h:
62.55 + 0.47 (36 h), 65.91 + 0.44 (48 h), 65.35 + 0.67 (60 h), 68.6 & 0.55 (72 h). The antioxidant activity of the fortified orange juice
containing micro encapsulants of PG gum matrices remained almost same at different time intervals [68.46 + 0.93 (0 h), 67.77 + 0.83
(12 h), 67.77 + 0.83 (24 h), 68.37 + 0.78 (36 h), 68.62 + 0.47 (48 h), 68.86 + 0.31 (60 h)] but increased to 70.25 + 0.62 at 72 h.
Whereas the orange juice with probiotic K. flava Y4 encapsulated within psyllium gum matrices demonstrated increased antioxidant
activity as follows: 68.46 + 0.93 (0 h), 67.7 & 0.41 (12 h), 68.5 & 0.67 (24 h), 70.23 + 0.68 (36 h), 70.43 + 0.63 (48 h), 71.6 + 0.58
(60 h), 72.61 + 0.44 (72 h). Thus it can be concluded that psyllium gum encapsulants has shown highest antioxidant properties as
compared to encapsulants of PG, psyllium + PG gum and control.

Table 1

Changes in DPPH radical scavenging (Antioxidant) activity of fortified orange juice.
Time Control Psyllium + PG PG Psyllium
0Oh 68.46 + 0.93% 68.46 + 0.93° 68.46 + 0.93 68.46 + 0.93%
12h 67.62 + 0.57% 61.23 + 0.62° 67.77 + 0.83° 67.7 + 0.41%
24h 68.43 + 1.01° 56.29 + 0.59° 67.77 + 0.83%° 68.5 + 0.67°
36 h 68.43 + 1.01%° 62.55 =+ 0.47° 68.37 + 0.78%° 70.23 + 0.68%
48h 68.62 + 0.94%° 65.91 + 0.44° 68.62 + 0.47°" 70.43 + 0.63%
60 h 68.43 + 1.01%° 65.35 + 0.67° 68.86 + 0.31°" 71.6 + 0.58°
72h 68.11 + 0.58" 68.6 + 0.55" 70.25 + 0.62%° 72.61 + 0.44%

Above data represents the mean + standard deviation (p < 0.05) by taking triplicate samples with significant and non-significant value.
3> Within a row, means without a common superscript differ (p < 0.05).
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3.5. Encapsulated probiotic microcapsules analysis
a) Morphological analysis

The SEM analysis was performed to study the surface morphology of beads along with the cells in it (Fig. 5a). It was observed that
the microbeads had rough surface with visible wrinkles and presence of K. flava Y4 cells inside the beads. The elemental composition of
microbeads was evaluated by EDS analysis and the spectra displayed sodium, chloride and calcium peaks (Fig. 5b.)

In order to confirm the bi-layering of the beads, the zeta potential was used to measure their electrochemical properties [22]. The
Zeta potential of psyllium with sodium alginate bead was found to be —16.6 mV which demonstrated stability of the bead surface
making it desirable for fortification of orange juice.

b) FTIR analysis

Chemical structure and characteristics of functional groups were determined by FTIR analysis. The FTIR spectra in Fig. 5¢c indicated
the presence of functional groups in K. flava Y4 microcapsules encapsulated with psyllium and sodium alginate like alkyne, amine at
3322.75 cm™}, 2115.53 cm™ land 1623.77 cm™ with strong sharp band with C-H stretching, strong band with C=C stretching and
medium band with N-H bending respectively. The spectra at 1297.86 cm ™' showed functional group such as aromatic ester having
strong band with C-O stretching. The spectra at 1083.8 cm-1 and 1029.8 cm-1 demonstrated one functional group (fluoro compound)
with medium band with C-N stretching. The other spectra at 1418.39 cm-1 showed only medium band with O-H bending but no
functional groups and at 2359.48 no band and functional groups were observed.
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Fig. 5. a) Representing the SEM image of psyllium and sodium alginate beads with K. flava Y4 b) EDS spectra of beads c) Representing the FTIR
spectra of psyllium and sodium alginate beads with K. flava Y4.
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3.6. Effect of storage conditions on the viability of probiotic cells in orange juice

For maximum health benefits, the cell viability score of the probiotic beverages must be greater than 6 log CFU/mL [23]. The
fortified orange juices with K. flava Y4 encapsulated in sodium alginate by using different gums (psyllium, PG, psyllium + PG) to
prevent leakage and were preserved in cold condition at 4 °C for five weeks. The viability of probiotic cells were investigated at
one-week interval. Table 2 showed the viability of K. flava Y4 encapsulated with various encapsulant matrices in orange juice and the
highest viability of K. flava Y4 was noticed with encapsulant of psyllium gum. The data confirmed that the probiotic K. flava Y4 can
survive in fortified orange juice for five weeks at 4 + 1 °C. The viability of K. flava Y4 cells in alginate and gum encapsulations were
unaffected by the cold storage. The viability K. flava Y4 encapsulated with psyllium gum remained same (8.12 + 0.077 log CFU/mL)
throughout the five weeks cold storage conditions. However, K. flava Y4 encapsulated with PG and psyllium + PG showed a substantial
decline in cell viability during storage at cold condition. The above decrease in cell load could be attributed to the poor nutrient
accessibility, oxygen level, and pH of the sample.

3.7. Sensory profile

The sensory value of fortified orange juice exposed to K. flava Y4 in various encapsulation matrices and control (without K. flava
Y4) was evaluated. K. flava Y4 with psyllium showed maximum acceptability for the natural beverage, followed by modest permis-
sibility for other encapsulation matrices. Based on a Hedonics scale of 1-9, the K. flava Y4 with psyllium beverage received an overall
rating of 8.67 + 0.031, with others receiving ratings of 7.9 &+ 0.042 (PG), 6.82 + 0.039 (pysillum + PG) and 8.14 + 0.046 (control).
Other features of juice with K. flava Y4 encapsulated with psyllium rated highest in aroma 7.27 + 0.001, sweetness 7.31 + 0.054,taste
7.56 + 0.018 and colour 6.59 =+ 0.046. The other encapsulants showed 7.09 + 0.085 (PG), 6.33 + 0.035 (psyllium + PG), 7.01 + 0.07
(control) for aroma; 7.15 + 0.039 (PG), 6.67 + 0.046 (psyllium + PG) and 7.046 + 0.042 (control) for sweetness; 6.82 + 0.005 (PG),
6.42 + 0.054 (psyllium + PG) and 6.94 + 0.046 (control) for colour and 7.01 + 0.054 (PG), 5.31 + 0.042 (psyllium + PG) and 7.15 +
0.043 (control) for taste. The fortified orange beverage with K. flava Y4 encapsulated with psyllium received a 6.82 + 0.023 rating on
the Food Action Rating Scale Test (1-9), indicating “I like it and would drink it very often.” As a result, it was possible to conclude that
orange juice fortified with K. flava Y4 encapsulated by psyllium had preferable nutritional and organoleptic properties for consuming.

4. Discussion

From our findings, psyllium gum encapsulation along with alginate beads showed highest efficiency for viable cells compared to
other encapsulant gums. Likewise, other researchers have studied high rates of encapsulation efficiency (nearly 100%) by various
encapsulation processes, which proves our results [24].

The K. flava Y4 strain was characterized as a probiotic in our previous study. Some Kocuria sp. plays important role in other field
such as Kocuria flava HO-9041 and K. flava CR1 are used for removal of heavy metals [25,26], K. rhizophila Y1 strain act as plant growth
promoting rhizobacteria (PGPR) to enhance crop production [27], Kocuria marina strains have more antimicrobial activity and hal-
otolerant ability [28,29].

The encapsulated probiotic K. flava Y4 maintains pH, acidity and TSS of orange juice as per control sample. Our results were found
to be similar with those reported by many other authors [2]. The strong buffering capacity of orange juice is connected to the
maintenance of pH and titratable acidity [30]. Moreover, the strong buffering capacity of the product may be attributed to the in-
formation that several strains, like Lactobacillus casei, can metabolize citric acid. The retention of acidity in juices is intriguing from a

Table 2

Total microbial count during fortification and cold storage of orange juice on viability (Log CFU/mL) of K. flava Y4.
Time (h) Psyllium + PG PG Psyllium
0 2.63 + 0.27° 2.63 + 0.27° 2.63 + 0.27°
12 3.14 + 0.089° 3.37 + 0.027° 4.66 + 0.24°
24 3.73 + 0.054° 432 +0.18% 5.54 + 0.18%
36 4.66 +0.11° 5.89 + 0.18% 6.24 + 0.134%
48 5.84 + 0.19° 6.53 + 0.25% 7.82 + 0.15%
60 6.57 + 0.19" 7.35 + 0.14%° 8.36 + 0.14°
72 6.81 + 0.13" 7.55 + 0.16%° 8.58 + 0.24%
Time (Weeks)
0 6.81 + 0.13" 7.55 + 0.16%° 8.58 + 0.24°
1 6.45 + 0.054° 7.55 + 0.19% 8.37 +0.11%
2 6.36 + 0.073° 7.27 +0.13% 8.34 + 0.113°
3 5.9 + 0.102° 6.59 + 0.16%° 8.31 +0.12°
4 5.48 + 0.12° 6.64 + 0.17%° 8.25 + 0.12
5 4.95 + 0.089° 5.7 + 0.25" 8.12 + 0.077°

Above data represents the mean + standard deviation (p < 0.05) by taking triplicate samples with significant and non-significant
value.

#“Within a row, least squares means without a common superscript differ (p < 0.05) due to microbial count and conditions
(fortification and cold storage of orange juice).
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sensory standpoint, since rising acidity may lead to a reduction in consumer acceptance of the juices. Moreover, high acidity has been
linked to a reduction in the viability of probiotic cultures in products of food [31]. Generally, the probiotic microorganisms break down
the simple sugars in the juice producing small amount of organic acids and lowering the pH which reduces the approval of fortified
products through the consumers. Whereas, our probiotic K. flava Y4 do not break the sugars in the juice into organic acids thus
maintains pH and acidity. TSS maintenance is linked to the fact that sucrose hydrolysis to monomers (glucose and fructose) may take
place during the probiotification period [32]. These simple sugars are preferentially devoured through cultures of probiotic, allowing
the TSS to be maintained [33]. Other studies also proved our study that the formulations of orange juice acted likewise, with the TSS
and pH values maintained by the addition of L. casei and L. paracasei [2,34].

As a result, in orange juice fortification, sucrose serves as the primary carbon source for K. flava Y4. Glucose concentrations
increased while sucrose concentrations decreased significantly in all treated orange juice except control. Similar outcomes were ob-
tained when Lactobacillus acidophilus and Lactobacillus plantarum were used to ferment pomegranate juice. After 32 h of fermentation,
the rate of degradation of both sugars was dawdling [21]. The ratios and profile of sugars for specific sugars have been proposed as
indicator for deciding juice authenticity.

As per the outcomes, psyllium gel plans with K. flava Y4 produced less citric acid and malic acid while production of ascorbic acid
was more than other encapsulants and the control. It is indicated that K. flava Y4 with psyllium encapsulant produces high-quality
orange juice when compared to others. Similarly, citric acid levels in fresh, hand-squeezed Navelina juice from various areas
ranged from 8400 to 12600 mg/L in previous studies, confirming our findings that our juices are less acidic [35]. In this study, the
ascorbic acid content of the juices were found to be very similar to that of Navel orange juices produced in Australia (498 mg/L),
though higher than that of Valencia orange juices (406 mg/L) and others manufactured in the Mediterranean region from various
orange varieties, with concentrations ranging from 386.2 to 620.0 mg/L [36]. Probiotics can generate organic acids by using citric acid
and/or sugars, or through amino acids catabolism [37,38].

The anthocyanin contents were increased in fortified juice containing probiotic K. flava Y4 (encapsulated with psyllium encap-
sulant matrices) during the fortification period. As a result, orange juice with K. flava Y4 (encapsulated with psyllium encapsulant
matrices) has a greater ability to increase anthocyanine concentration than orange juice treated with K. flava Y4 (encapsulated with PG
and psyllium + PG encapsulant matrices). Similarly [39], found that after fermentation with probiotic L. plantarum, mulberry juice’s
total anthocyanin concentration increases. Some probiotic lactic acid bacteria exhibit activity of p-glucosidase, which involves the
glycosidic linkage cleavage in the mother anthocyanin compound (glycosylated anthocyanins), resulting in the output of glycone
compounds (anthocyanidins) [40].

The flavonoid content of orange juice with probiotic K. flava Y4 encapsulated in psyllium matrices is higher than that of other
encapsulants (PG and psyllium + PG) used for encapsulation of probiotic K. flava Y4 and the control. Based on our findings, we
conclude that encapsulating the probiotic K. flava Y4 with the psyllium gum yields the best result. Likewise, it is observed flavonoids in
other fruit juices like pineapple, litchi, watermelon, black jamun, and carambola, with amounts of 12.50 mg/100 mL, 14.50 mg/100
mL, 5.50 mg/100 mL, 58.38 mg/100 mL, and 23.25 mg/100 mL respectively [41]. It was also found in another study that the flavonoid
content of lemon [Citrus limon (L.) Burm.] juices ranged from 757 to 847 mg/L [42] and orange juice contained flavonoids ranging
from 39.5 to 64.3 mg/100 mL [43]. The advantageous characteristics of lemon juice flavonoids recommend consuming this product on
a regular basis to keep a healthy standard of living. There are similar findings for the juices of mandarin [44], bergamot [45], blood
orange juice [46] and grapefruit [47]. Flavonoids are almost entirely found in plants as p-glycosides. The glycosidic linkage is generally
not cleaved during industrial and domestic food processing. Therefore, flavonoids are generally present in foods as glycosides.

The results concluded that encapsulating probiotic K. flava Y4 in psyllium gum matrix produced higher phenolic content in
comparison to other encapsulants (PG and psyllium + PG) and the control. As per our findings, it is confirmed that encapsulant of
psyllium gum delivered the best performance. Similarly, in another experiment observed that polyphenolic content increased in the
juice of mangoes and sapotas when fermented with the bacteria Lactobacillus plantarum[1].

There are a number of proven benefits to human health associated with phenolic compounds, including antioxidant activity and a
role in the color and sensory characteristics of food products [48]. The antioxidant effects of phenols include inhibiting lipid perox-
idation [49], decreasing blood platelet aggregation, and increasing vasodilation [50].

Our findings proved that, the encapsulant psyllium gum demonstrated the highest antioxidant properties compared to other
encapsulants PG, psyllium + PG and control for encapsulation of K. flava Y4. Similar findings were reported for juices of pomegranate
[21], noni [51] and jussara [52]. The improvement in antioxidant potential could be attributed to anthocyanin acylation with phenolic
acid or anthocyanin diacylation [53].

SEM analysis determined the morphology of beads and presence of K. flava Y4 cells inside the beads. Similar study was observed by
Reddy et al. [54] that the rough surface with visible wrinkles have been displayed on microbeads. Another investigation reported that
the viable cells were present inside the beads and also suggested encapsulation is important because encapsulated beads can transfer
nutrients and execratory products to cell for viability [55].

In our study the zeta potential of psyllium with sodium alginate bead was found to be —16.6 mV, but previous studies report that
the zeta potential of psyllium and sodium alginate to be —7.5 mV and —10.1 mV, respectively [56].

The K. flava Y4 encapsulated with psyllium encapsulant gum had some chemical structures such as C-H, C=C, C-O, C-N, O-H and
functional groups such as alkyne, amine, aromatic ester and fluoro compound at different IR. It has been reported that similar peak was
observed at 3342.63 cm ™! corresponding to the hydroxyl group [57]. Similar observations have been drawn by previous studies which
showed broad absorption band at 3307.9 cm—1 attributing to ~OH stretching in alcohols and 2891.2 cm ™! to —~CH stretching in alkanes
of psyllium husk (Ph) [58].

The K. flava Y4 encapsulated with psyllium encapsulant gum had the highest cell load (8.12 + 0.077 log CFU/mL), whereas K. flava
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Y4 encapsulated with PG and psyllium + PG had lower cell viability at cold temperatures. Alike outcomes were demonstrated for bitter
gourd [23], bottle gourd, carrot and beet juices [59]. Maximum health benefits can be obtained whenever the finished product
contains a large number of live cells [31]. Another study by Shigematsu et al. (2018) found probiotic viability to be higher than 7 logs
during 19 days of refrigerated storage of carrot slices covered with alginate comprising Lactobacillus acidophilus La-14 [60].

In comparison to other encapsulation matrices, the overall acceptability of K. flava Y4 encapsulated with alginate and psyllium gum
had highest sensory profile. Similar findings were reported for juices of sapota and mango, with no evident divergence among fortified
and non-fortified juice samples [1]. Similar findings has been reported in a previous study which demonstrated that by significantly
lowering the pH (6.45-5.65), Bifidobacterium animalis BB-12 maintained microbial quality in cashew milk during refrigerated storage
without affecting sensory properties or whiteness index, two of the most important quality parameters for milk [61].

5. Conclusion

The probiotic Kocuria flava Y4 cells were successfully microencapsulated using three encapsulant gums (psyllium, PG, PG +
psyllium). Based on the results, the highest encapsulation efficiency of natural gum psyllium in combination with alginate can be used
as a suitable scaffold and ideal matrix for the encapsulation of probiotics. These natural gums as prebiotic also promote the growth of
probiotic cells in the food environment. The viability of encapsulated probiotic bacteria enhanced (above 6 log CFU/mL) in the orange
juice during the storage period (72 h) and further storage at 4 + 1 °C for five weeks. The antioxidant properties, TPC, TFC and
anthocyanin contents increased significantly during probiotification and acidity of juice was maintained, suggesting suitability of the
juice for developing a probiotic product with high consumer acceptance. The advantageous characteristics of orange juice flavonoids
recommend consuming this product on a regular basis to keep a healthy standard of living. The identification and isolation of bioactive
phenolic and flavonoid compounds with an antioxidant activity present in the functional beverage prepared using plant probiotic
bacteria can lead to a step ahead in future.
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