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ABSTRACT

A study was carried out to know the probiotic properties of ten yeast isolates of papaya
and carrot. Out of ten isolates, growth of PY4 and CY4 yeast isolates were more

compared to other isolates at low pH (2.0, 2.5 and 3.0) and bile salt concentration (0.4, 0.5
and 0.6 %). Further these two isolates were used for fermentation of papaya juice along
with reference strains Saccharomyces boulardii and Saccharomyces ellipsoideus. After 24
hours of fermentation, pH (from 5.8 to 3.39), TSS (from 18.00 to 15.43° brix) and total
sugar (6.56 to 6.10 %) were significantly decreased, whereas in titrable acidity (from 0.32
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to 0.81 %) and antioxidant activity (from 62.77 to 65.53 %) were significantly increased in
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papaya juice. The initial inoculums of yeast strains added to papaya juice had 4+1 x 10

cfu /mL. Population of yeast strains increased from 10’ to 10° cfu /mL after 24 h of
fermentation. The highest yeast population was recorded in papaya juice with 5 per cent
honey added and fermented by PY4 isolate (13 x 10% cfu /mL). During the storage period
of 45 days at 4 'C, all parameters of papaya beverage changed non significantly in all
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treatment. This study reveals that, isolate PY4 was superior to other isolates as well as
reference strains in synbiotic beverage.

decreased some disorders associated with
humans (El-Salam, 2011).

Introduction

Now a day’s research on functional food as

gaining important role related to human
nutrition. Consumption of functional food
results in beneficial effects on health, as well
as maintaining nutritional balances (Saad et
al., 2011). Increasing demand for this type of
food may increased health benefits and
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Probiotics are defined as live microbial food
supplement that provide beneficial effects to
consumers when administered in adequate
amounts (FAO, 2002). Minimum dose of
probiotics ranges from 10’ to 10° CFU is
generally used, despite this dose may be
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different based on the different strain
(Forssten et al., 2011). Taking of probiotics
regularly it improve regulation of intestinal
function, improving immune system and
inhibition of pathogens.

Most commonly available probiotics are
bacteria such as Lactobacillus and
Bifidobacterium (De Vrese and Schrezenmeir,
2008). Compare to bacteria probiotic potential
of yeasts strains were still insupcient studied
with respect to their distribution and
importance in foods (Chen et al., 2010).
Saccharomyces cerevisiae var. boulardii yeast
strain recognized and considered as probiotic
(Czerucka and Rampal, 2002, Hatoum et al.,
2012) till date, which raises the question of
whether other species of yeast might have
probiotic properties as well (van der et al.,
2005).

In recent years, probiotic-supplemented food
products plays an very important role in the
food industiers and several probiotic studies
have concentrating on milk based product,
which presently dominate in world business
of probiotics (Saad et al., 2011). Milk
products were used traditionally for
supplementation of probiotics. Presently non-
dairy probiotic products are gaining demands,
because some peoples have lactose
intolerance (Prado et al., 2010). Regarding
these  reason, present studies have
recommended  fruit juice as another
alternative vehicle and good sources of
nutrients for addition of probiotics (Fonteles
et al., 2012, Mousavi et al., 2011, Pereira et
al., 2017, Pereira et al., 2011, Sheehan et al.,
2007, Yoon et al., 2006). Fruit juices are
commonly consumed by peoples regularly,
which is help full for deliver probiotics to gut
(Ding and Shah, 2008). Because of these
advantages, several companies have interested
in commercialization and development of
probiotic beverages from fruits, such as grape,
orange, mango, guava and pineapple.
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Papaya has been identified as a healthy food
due to the presence nutrients, antioxidants and
medicinal properties. The nutrients and phyto-
chemicals present in papaya help in digestion,
reduce inflammation, support functioning of
cardiovascular, immune and digestive
systems; and also help in prevention of colon,
lungs and prostate cancers.

Papaya acts as a detoxifier, activator of
metabolism, rejuvenate the body and in
maintaining body's homeostasis because it is
rich in antioxidants, vitamin B, folate,
pantothenic acid, sulphur, potassium and
magnesium as well as fiber. It helps in
preventing cataract and age-related macular
degeneration as it has high vitamin A and
carotenoids contents.

Papaya pastes are used externally for
treatment of wounds and burns. Papaya is
preferred for production of beverages due to
its high nutritive value and reasonable price.
It is known as common man’s fruit and is a
rich source of nutrients like carotenoids,
vitamin C, vitamin E and flavonoids
(Ramachandran and Nagarajan, 2014).

The aim of this work were to isolate and
screening of yeast strains for probiotic
potential and select those suitable strains for
preparation of a papaya fermented beverage.

Materials and Methods
Isolation and characterization of yeasts

Yeasts were isolated from papaya and carrot
by standard plate count method using yeast
extract peptone dextrose agar (YEPDA)
medium. The isolated yeasts were further
purified and characterized by employing
standard procedures. Isolates were identified
by studying their colony morphology,
microscopic observation and sugar utilization
characters.
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Screening of yeast isolates by acid and bile
salt tolerance

Acid tolerance was evaluated by growing
isolated yeasts in YEPD broth and pH was
adjusted to 2, 2.5 and 3 using 1N HCI. For
bile salt tolerance bovine salt added into broth
at various concentrations 0.4 %, 0.5 % and
0.6 %, then incubated at 37 'C for 24 h.
Growth was measured at 6 h and 12 h using
spectrophotometer, reading the optical density
at 600 nm against uninoculated broth.

Preparation of papaya juice

The selected, well matured, ripe and healthy
papaya fruits were washed thoroughly in
water. The papaya were cut into small pieces
and extracted juice using juicer.

Preparation of fermented beverage from
papaya juice

Water was added to extracted papaya juice
(1:2.5) and five per cent honey was added.
Juice was adjusted to obtain 18 ‘brix by
adding sugar using hand refractrometer and
pasteurization done at 60 'C for 30 minute.
The juice was kept in 500 mL glass bottle and
closed with screw cap. The juice was
inoculated with yeasts starter cultures at the
rate of 6 per cent (v/v) for fermentation.
Fermentation was carried out mixing of the
juice for 24 h. After the fermentation juice
was stored at 4 'C and samples were used for
further analysis and evaluation.

Preparation of starter cultures of yeast

A loop full of yeast cultures were transferred
YEPD broth and were incubated overnight at
28 'C for growth. Yeast culture was having
10’ cfu /mL and same was used for
inoculation into prepared papaya juice at 6 per
cent.
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Biochemical analysis of synbiotic beverages

The pH of the papaya synbiotic beverage
samples was determined using a digital pH
meter (Sadasivam and Manickam, 1996).
Total soluble solid (TSS) was measured using
a hand refractometer (Ranganna, 1995).
Titrable acidity of samples was determined
according to the general titration method and
based on lactic acid percentage. 10 mL of
sample was titrated against 0.1 N NaOH in
presence of phenolphthalein. Estimation of
total sugars was determined using method
given by Sadasivam and Manickam (1996).
Antioxidant activity of fermented beverages
was determined by using 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) method (Kongsuwan
et al., 2009).
Microbiological of
beverages

analysis synbiotic

After 24 h of fermentation and during storage
period, samples were subjected to
microbiological analysis of yeast population
by employing standard dilution plate count
method (Hoben and Somasegaran, 1982).

Organoleptic evaluation

The developed fermented beverage from
papaya juices were evaluated by selected five
panel members with 20 point hedonic scales
(Amerine et al., 1972).

Statistical analysis

The results of this study were analyzed using
Web Agri. Stat Package (WASP 2.0).

Results and Discussion

Colony morphological characterization and
microscopic observation of isolated yeasts

The details of isolation of yeasts are furnished
in Table 1. Colonies were of medium size,
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creamy white to white color and oval to round
shaped. All yeast isolates exhibited budding
property, cell size ranged from 2.53 x 1.52 to
5.44 x 3.17 pum and were oval in shaped.

Utilization of different sugars by yeasts
isolates

The details of carbohydrates fermentation by
yeast isolates from are furnished in Table 2.
The change in medium color indicates sugar
fermentation by isolates. The results showed
that all yeast isolates grew well in different
sugars viz. sucrose, maltose, glucose, fructose
and mannose but did not grow in lactose.

Screening of yeasts and lactic acid bacterial
isolates for probiotic properties

Yeast isolates were screened for probiotic
properties like bile salt and pH tolerance. The
bile salt tolerance test for yeast and lactic acid
bacterial isolates was conducted and results
are presented in Table 3. The experiment was
conducted to evaluate the effect of bile salt
concentrations like 0, 0.4, 0.5 and 0.6 per
cent. The growth of isolates was measured in
terms of OD at 600 nm. The results showed
that all yeast isolates grew better at 0.4 per
cent bile salt concentration, the highest OD
was recorded by yeast isolate PY4 (0.29 and
0.28) followed by CY4 (0.27 and 0.24) and
the least was recorded by CY1 (0.21 and
0.20) at 6 and 12 h respectively.

The acidic pH tolerance test for yeast and
lactic acid bacterial isolates was assessed and
is presented in Table 4. The experiment was
conducted to evaluate the effect of pH at 2.0,
2.5 and 3.0. The results showed that all the
strains of yeast grew better at 3.0 pH, the
highest OD was recorded by yeast isolates
PY4 (0.16 and 0.16) followed by CY4 (0.16
and 0.16) and the least was recorded by PY3
(0.14 and 0.13) at 6 and 12 h respectively.
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Biochemical properties of papaya beverage
fermented by yeast strains

The experiment was conducted to know
efficiency and potential of different yeast
isolates and reference strains for the
fermentation of papaya juice. The results
pertaining to pH, TSS, titrable acidity, total
sugar and antioxidant activity content of
fermented papaya juice is presented in Table
5.

pH

The initial pH of papaya juice was 5.80. After
24 h of fermentation by different yeast
isolates and reference strains, pH changed
from 3.39 to 3.58 in fermented papaya juice.
Significantly higher pH was recorded in PY4
(3.58) inoculated with honey and it was on
par with PY4 inoculated with honey (3.57)
among the isolates. The papaya juice
fermented by yeast strain Saccharomyces
ellipsoideus recorded the lowest pH (3.39)
followed by addition of 5 % honey with
papaya juice fermented by S. ellipsoideus (pH
3.40). The isolated yeasts and reference
strains had significantly low pH in papaya
juice after 24 h of fermentation. There was
slight change in pH when stored at 4 C for 45
days.

Total soluble solids (°Brix)

With respect to TSS, significant differences
were observed between the treatments. The
initial TSS of papaya juice was adjusted to 18
‘brix. After 24 h of fermentation, it was
noticed that TSS content varied from 15.43 to
15.90 ‘brix. The highest TSS content was
(15.90 ‘brix) observed in papaya juice
fermented with PY4 followed by (15.57 "brix)
on addition of 5 % honey to papaya juice. The
lowest TSS content (15.43 ‘brix) was
observed in papaya juice fermented by CY4.
During the storage period of 45 days at 4 C,
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TSS of the papaya beverage changed slightly
in all treatments.

Titarble acidity (%)

The data represents significant differences in
titrable acidity of fermented papaya juice. The
initial value of titrable acidity of papaya juice
was 0.32 per cent. After 24 h of fermentation,
the titrable acidity increased due to activity of
yeast isolates and reference strains. The
titrable acidity varies from 0.81 to 0.89 per
cent.

Yeast isolate CY4 (0.89 and 0.86%) without
and with five per cent honey was superior to
other isolates followed by S. ellipsoideus
(0.85 %) and the lowest (0.81%) was
observed with yeast isolates PY4 and S.
boulardii. The effect of cold storage on
titrable acidity of papaya beverage changed
slightly in all treatments.

Total sugar (%) content

Papaya juice had 6.56 per cent of total sugar
initially. Synbiotic beverage contained total
sugar varying from 6.10 to 6.17 per cent.
Significantly higher value for total sugar was

observed in treatments Saccharomyces
boulardii with 5 per cent honey (6.17 %)
followed by PY4 (6.15 %) and CY4 with 5
per cent honey (6.15 %). The lowest total
sugar was observed in papaya juice with 5 per
cent honey fermented by S. ellipsoideus (6.10
%) followed by papaya juice fermented by S.
ellipsoideus (6.11%). Total sugar of papaya
beverage changed slightly in all treatments at
the time of cold storage for 45 days.

Antioxidant activity (%0)

Antioxidant activity of papaya juice was
62.77 per cent before fermentation.
Antioxidant activity varied from 65.53 to
69.50 per cent after fermentation in papaya
juice. Among yeast isolates and reference
strains, the highest antioxidant activity
(69.50%) was observed in papaya juice with 5
per cent honey fermented with PY4 followed
by (67.07%) papaya juice with 5 per cent
honey  fermented Dby  Saccharomyces
ellipsoideus. CY4 isolate had the lowest
antioxidant activity (65.53%). During the
storage period of 45 days at 4 ‘C, antioxidant
activity of papaya beverage changed non
significantly in all treatment (Table 6).

Table.1 Colony characteristics and Cell morphology of yeast isolates of papaya and carrot

SlI. No. | Source | Isolates ' Colony morphological characteristics Microscopic observation
Color Size Shape Budding Cell Size  Cell Shape
(L x b pm)
1 Papaya = PY1 Creamy white | Medium size | Oval + 3.29 x 2.02 Oval
2 PY?2 White Medium size = Round + 5.06 x 2.53 Oval
3 PY3 White Medium size | Round + 4.82 x 2.53 Oval
4 PY4  Creamy white = Mediumsize  Oval + 4.43 x 2.28 Oval
5 PY5 Creamy white | Medium size | Oval + 4.43 x 2.25 Oval
6 Carrot  CY1 White Medium size  Oval + 3.17 x 2.53 Oval
7 CY2 | Creamy white = Medium size = Round + 5.44 x 3.17 Oval
8 CY3  Creamy white Mediumsize Round + 4.43 x 4.43 Oval
9 CY4 | Creamy white | Medium size | Oval + 5.06 x 2.53 Oval
10 CY5 White Medium size  Oval + 2.53 x1.52 Oval
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Table.2 Utilization of carbon sources by yeasts isolates of papaya and carrot

SI. No. Isolates Carbohydrates

Table.3 Evaluation of bile salts tolerance of yeasts isolates of papaya and carrot at 600 nm

Sl. Bile salt concentrations
Isolates

022 022

3 PY3 023
| | |

6 | Cvl | 020 020 | 020 | 020 | 023 | 020 | 020 = 020
| | |

8 | CY3 | 024 024 | 02 | 018 | 024 | 022 | 021 | 021
|

10 CY5 0.26 0.26 0.22 0.21 0.26 0.23 0.22 0.20
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Table.5 pH, TSS and titrable acidity of papaya beverages prepared using yeast isolates and reference strains after fermentation and
during storage period at 4 C

SI. No. Treatments

T1
T2
T3
T4
TS5
T6
T7
T8
T9

O O~NOoO Ol WN -

1D
5.80°
3.57°
3.58°
3.48%
3.46°
3.52%
3.54"
3.39'
3.41°

15D
5.80°
3.56™
3.57°
3.48%
3.46°
3.52%
3.54"
3.39¢
3.41"

pH

30D
5.80°
3.55°
3.56"
3.47%
3.45%
3.51°
3.53™
3.38f
3.40°"

45D
5.80°

3.54

3.55

3.46™
3.44%%
3.50™
3.52%
3.37°

3.39%

1D
18.00°
15.90°
15.57°
15.43
15.45°
15.49%
15.51¢
15.45°
15.48%

TSS (°Brix)
15D 30D
18.00° 18.00°
15.89" 15.87°
15.57° 15.56°
15.43° 15.42°
15.44° 15.42%
15.48% 15.46%
15.50° 15.49°
15.44° 15.42%
15.47% 15.46%

45D
18.00°
15.86"
15.55°
15.41¢
15.41¢
15.45¢
15.48“
15.41¢
15.45¢

1D
0.32¢
0.83"™
0.81°
0.86%
0.89°
0.81°
0.82°
0.83"™
0.85%

Titrable acidity (%0)

15D
0.33°
0.84%
0.83°
0.86%
0.88°
0.82°
0.82°
0.83"
0.86%

30D
0.33¢
0.84"
0.84"
0.87%
0.88°
0.82°
0.83°
0.84"
0.86%

Note: T1- Control papaya juice, T2- Papaya juice + PY4 isolate, T3- Papaya juice + PY4 isolate+ honey, T4- Papaya juice + CY4 isolate, T5- Papaya juice + CY4 isolate+ honey, T6-Papaya

juice + Saccharomyces boulardii, T7- Papaya juice + S. boulardii + honey, T8- Papaya juice + S. ellipsoideus, T9- Papaya juice + S. ellipsoideus + honey

* |nitial values of papaya juice: pH-5.80, TSS- 18 ‘brix and Titrable acidity-0.33 %

Table.6 Total sugar and antioxidant activity of papaya beverage prepared using yeast isolates and reference strains after fermentation
and during storage period at4 C

SI.

©o~No o swNn R~ g

Treatments

T1
T2
T3
T4
TS5
T6
T7
T8
T9

1D
6.56°
6.15"
6.12"°
6.14°
6.15
6.13"
6.17°
6.11°
6.10°

Total sugar (%)

15D
6.55°
6.14°
6.10°
6.12"
6.13"
6.11°
6.16°
6.10°
6.09"

30D 45D
6.54° 6.54°
6.13" 6.11°
6.09° 6.08°
6.11° 6.10°
6.11° 6.10°
6.10°  6.08°
6.14° 6.13"
6.09° 6.08°
6.08° 6.07"

1D
62.77°
66.87°
69.50°
65.53°
66.67™
66.17™
66.83"
66.20™
67.07°

Antioxidant activity (%)
15D
62.77° 62.80°
66.87" 66.87"
69.53° 69.53°
65.57° 65.60°
66.73" 66.73"
66.17™ 66.20"
66.87" 66.87"
66.17™ 66.17™
67.10° 67.10°

45 D
62.80°
66.90"
69.60°
65.60°
66.77°
66.20™
66.87°
66.17™
67.13°

Note: T1- Control papaya juice, T2- Papaya juice + PY4 isolate, T3- Papaya juice + PY4 isolate+ honey, T4- Papaya juice + CY4 isolate, T5- Papaya juice + CY4
isolate+ honey, T6-Papaya juice + Saccharomyces boulardii, T7- Papaya juice + S. boulardii + honey, T8- Papaya juice + S. ellipsoideus, T9- Papaya juice + S.
Initial  values  of

ellipsoideus

+

honey *

papaya juice:
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Total  sugar-6.56

%

and  Antioxidant

activity —

62.77

%

45D
0.33°
0.84°
0.85°
0.87%
0.89°
0.83"
0.85
0.84°
0.86%
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Table.7 Population of yeasts in the papaya beverages (10 cfu /mL)

Sl. Treatments
No.
1 T1

2 T2 40
38 | T3 | 40 | 1300° 13.00° 12.67° 12.33°
| | | |
5 | 175 | 40 | 1000° | 10.00*
6 TE
7 | T | 30 | 1233 | 1233 | 11677 | 1133
40 833"

Note: T1- Control papaya juice, T2- Papaya juice + PY4 isolate, T3- Papaya juice + PY4 isolate+ honey, T4- Papaya juice
+ CY4 isolate, T5- Papaya juice + CY4 isolate+ honey, T6-Papaya juice + Saccharomyces boulardii, T7- Papaya juice + S.
boulardii + honey, T8- Papaya juice + S. ellipsoideus, T9- Papaya juice + S. ellipsoideus + honey

Table.8 Sensory evaluation of papaya beverages prepared with yeast isolates and reference
strains

SI. | Treatments Parameters

| e e i e e ow ow s | ee
e e e m s o e | e e
i e e v e s e ow i e | ee
@ e e e e e | ow ow i 1o | we
o™ w e e 0 i 0w 0w 10 i@ in ue

Note: T1- Control papaya juice, T2- Papaya juice + PY4 isolate, T3- Papaya juice + PY4 isolate+ honey, T4- Papaya juice +
CY4 isolate, T5- Papaya juice + CY4 isolate+ honey, T6-Papaya juice + Saccharomyces boulardii, T7- Papaya juice + S.
boulardii + honey, T8- Papaya juice + S. ellipsoideus, T9- Papaya juice + S. ellipsoideus + honey
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Population of yeasts in synbiotic papaya
beverages

The data related to yeast population in
synbiotic papaya beverages is presented in
Table 7. The initial inoculum of yeast strains
added to papaya juice had 4+1 x 10" cfu /mL.
Population of yeast strains increased from 10’
to 10% cfu /mL after 24 h of fermentation. The
highest yeast population was recorded in
papaya juice with 5 per cent honey added and
fermented by PY4 isolate (13 x 108 cfu /mL)
followed by Saccharomyces boulardii (12.33
x 108 cfu / mL).

The lowest yeast population was recorded in
papaya juice fermented with PY4 isolate (7 x
10® cfu / mL). The effect of cold storage on
cell viability of yeast cultures in fermented
papaya juice decreased slightly in all
treatments. It is observed that yeast strains
were capable of surviving in papaya beverage
for 45 days at 4 C.
Organoleptic  evaluation  of
papaya beverage

synbiotic

The experimental results clearly indicate that
papaya juice with 5 per cent honey fermented
by yeast isolate (PY4) recorded the highest
score (16.32 out of 20) taking into
consideration of all factors. The least score
(1520 out of 20) was recorded with
uninoculated papaya juice (Table 8).

Yeasts were commonly used for food
fermentation since ancient time. Milk based
products contain certain yeast strains and are
occurring as a part of gastrointestinal tract.
Yeast strain  Saccharomyces boulardii
commonly used as probiotic agents among the
strains of the genus Saccharomyces. In this
study, ten yeast strains were isolated from
papaya and carrot, which were then purified.
Further, these isolates were screened for
probiotic characteristics.
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Probiotics need to withstand in high bile salt
and low acidic condition in gut. Besides the
strong acid condition in the stomach, the
probiotic microorganisms taken orally have to
defend against the bile salt in the
gastrointestinal tract. Hence, bile tolerance is
also considered to be one of the important
properties required for high survival of the
probiotic organism. There is no consensus
about the precise concentration to which the
selected strains should be tolerant. The
physiological concentration of bile salts in the
small intestine is between 0.2 and 2.0%
(Gunn, 2000). In this investigation, PY4 and
CY4 exhibited high acid and bile salt
tolerance. Similar results have been reported
by several in vitro studies which indicate that
yeasts  belonging to  Saccharomyces,
Debaryomyces, and Kluyveromyces species
are extremely tolerant low pH and high bile
salt concentration (upto 1% oxgall) (Kourelis
et al., 2010).

In the present study, pH of juice decreased
after fermentation compared to fresh juice and
pH decreased due to accumulation of H ions
released during fermentation. This
observation is in concurrence with kokum
was fermented using  Saccharomyces
ellipsoideus (Girish, 2008). pH of fermented
orange juice was 3.81 for Saccharomyces
ellipsoideus and 3.17 for Saccharomyces
cerevisiae (Wahab et al., 2005).

TSS of fermented beverage decreased and
varied after fermentation by different yeast
strains. This could be due to yeast strains
posse’s different capacities of fermentation
efficacy and sugar utilization pattern. These
results are in conformation with results
reported with kokum juice fermented using
yeast strains (Girish, 2008).

In the present study, titrable acidity of
beverage was  significantly  increased
compared to the unfermented papaya juice.
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The increases of titrable acidity in fermented
papaya beverages is due to accumulation of
organic acids during fermentation period.

Total sugar of papaya synbiotic beverage
decreased after fermentation of papaya juice.
This is because of utilization of sugar like
fructose present in fruits by yeast strains.

Antioxidant activity of papaya synbiotic
beverage increased after 24 h of fermentation
compared to unfermented juice in the present
investigation. The similar trend in antioxidant
activity was reported in papaya juice
fermented with lactic acid bacteria (Chen et
al., 2018).

The probiotic populations are very important
in synbiotic beverage preparation. The
probiotic  yeast  population increased
significantly after 24 hours of fermentation, it
may be due to availability of nutrients in
papaya juice and addition of honey. These
findings are similar with kokum juice
fermentation using yeast strains (Latha,
2012).

The combination of papaya juice with 5 per
cent honey fermented by yeast isolate
recorded the highest score and had the best
acceptability due to addition of honey to
papaya juice. These evaluations are similar to
results of fermented guava juice using yeast
strains (Nausheen, 2017).
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