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Abstract

The present study assesses the feasibility of blueberry as a raw substrate
for the production of the probiotic blueberry jam by lactic acid bacteria
(L. plantarum DB-2, L. fermentum J-1, P acidilactici M-3, L. plantarum SK-3,
and P. pentosaceus SM-2). Changes in pH, titratable acidity (lactic acid), cell
survival, antioxidant properties, and in vitro cholesterol reduction properties
of lacto- fermented as well as non-fermented blueberry jam were examined
during fermentation and up to 28 days of storage. All the strains grew well in a
lacto-fermented blueberry jam after 48 h fermentation. Set A (5.88 g/100 ml) and Set
B (5.96 g/100 ml) produced less lactic acid than Set C (6.67 g/100 ml) which has
the consortia of probiotic strains. After 28 days of cold storage, all the tested strains
survived the low-pH conditions in lacto-fermented blueberry jam. The blueberry
jam fermented with the consortia of probiotic strains (Set C) had a high antioxidant
capacity (71.47 + 3.57) in comparison with Set A, Set B, and control which showed
anti-oxidant capacity viz. 70.52 + 3.52, 70.25 + 3.18, and 64.12 + 2.47, respectively
after 28 days of refrigerated storage. The lacto- fermented blueberry jam in Set
C (58.48%) had shown the in vitro cholesterol-lowering ability better than Set
B (18.87%) whereas Set A and control did not show any in vitro reduction in cholesterol
level after 28 days of storage. Sensory quality studies were carried out after
28 days of storage. Sensory evaluation data showed the considerable acceptability
of the lacto-fermented blueberry jam. Finally, we found that L. plantarum DB-2,
L. fermentum J-1, P, acidilactici M-3, L. plantarum SK-3, and P, pentosaceus SM-2
are optimal probiotics for fermentation with blueberry jam. In this investigation,
the results could be an indicator of the development of health-promoting fruit jam.
Conclusion

This lacto-fermented blueberry jam is a low-cost healthy food product, provide better
nutrition and good health to the population.
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Introduction

Blueberry (Cyanococcus) belongs to the genus
Vaccinum of the family Ericaceae and sub-
family Vacciniaceae. Blueberry has a circumpolar
distribution, mainly present in North America,
Europe, and Asia. Commercial “blueberries”
(including both wild and cultivated blueberries) are
native of North America and were introduced in
Europe in 1930. Blueberries are prostate shrubs
that varied in size from 10 centimetres to 4 metres,
and the fruit is a berry that varied from 5—16 mm in
diameters with the flared crown at the end. They are
dark purple in colour after maturing and are covered
in a protective coating of powdery epicuticular
wax known as the “bloom.” Blueberries have high
antioxidant activity and phenolic content.* These
findings led to further investigation of the health
benefits of blueberry on human health. Studies
on blueberry supplementation in diets have been
associated with metabolic syndrome,®>” improving
brain health and memory,®'° reducing the risk of
cancer,''* improving visual acuity,'’® enhancing
gut health,’® and muscle repair'’2° and weight
management.?!

There is a significant demand for fresh fruits and their
products. It is known that most fruits are seasonal
and have a limited shelf life. They often required
the application of heat treatments, via processing,
in order to maintain and preserve the quality and
provide various products such as pulp, jam, jellies,
and juices throughout the year, mainly in the
off-season. The fruits are generally consumed raw
or in the form of ice creams, juices, jams, jellies,
liquors, and various sweet formulations.?22® These
food products have pleasant flavours, high level of
sugars, proteins, minerals, fatty acids, vitamin, and
carotenoids.?*

Probiotics are living microorganisms that provide
beneficial effects on the host when taken in adequate
amounts.? 26 The probiotic culture should be alive
to confer the effects and must present in large
quantities in the product, usually greater than
106-107 cells per millilitre or gram?” or 1x10° CFU
per serving as probiotic.2®

Fermentation can be regarded as a biological
method of preservation. Fermented foods have a low
risk of contamination when enriched in antimicrobial

food products, such as bacteriocins, ethanol and
organic acids. Fermented foods not only provide the
new and desirable taste and texture but also promote
the host health in ways not directly attributable to
the starting food materials. Products of fermentation
and the contribution of microbes provide the
additional health benefits beyond essential nutrition.
Strains of Lactobacilli and Bifidobacteria are
available for human consumption to lower the risk
of gastrointestinal infections.?®

Consumption of probiotic provide some beneficial
health effects such as improvement of intestinal
health by the improvement of microbiota, synthesizing
and enhancing the bioavailability of nutrients,
reducing the risk of coronary heart disease,
improving antibiotic-associated diarrhoea, helps in
reducing the symptoms of lactose intolerance and
food digestion, improving oral health, lowering the
blood pressure, improving antioxidative activity,
normalizing the serum cholesterol level, reducing
constipation and ulcers, improving the parasitic
infections and reducing the risk of urinary tract and
upper respiratory tract infection.2%”

In Asia, any bacterial strain of a known species that
are traditionally used can be added to the food for
the preparation of probiotic food product. Nowadays,
probiotic food products are promoted in the form of
dairy products such as fermented milk and yoghurt.
Lactose intolerance and cholesterol content are
two significant disadvantages related to fermented
dairy food products.® People with special needs of
vegetarians and people with allergic reactions to
milk proteins have found a good substitute in the
form of fruit and vegetable food products containing
probiotics.®® 40 Fruit products have a high amount
of antioxidants, dietary fibre, vitamins, minerals,
and other useful nutritional substances and thus
improve the health of the host.*':“2 Recently, various
raw materials have been explored to ascertain
the suitability of the substances to produce novel
non-dairy probiotic products.*

According to,* significant factors that could limit
the viability of probiotic bacteria in fruit products
are categorized as, (1) intrinsic food parameters
such as pH, titrable acidity, microbial preservatives
like bacteriocins and hydrogen peroxide;
(2) processing parameters like incubation temperature,
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heat treatment, cooling rate, storage techniques;
(3) microbiological factors such as type of probiotic
strains, intercompatibility of different strains with
each other, proportion and rate of inoculum.

Food components can be modified in a controlled
way by altering some structural characteristics of
fruit and vegetable matrices with the advancement
in technology.**The interest in the development of
fruit-based functional food products with probiotics
is increasing among people of all age groups as they
have a good taste profile and considered as healthy
and refreshing products.*®In recent years, fruit and
vegetable jams are considered an excellent basal
medium for LAB fermentation. Advantage of these
jams is accounted because of their low allergenicity
and high health benefits.*®

The present study demonstrates the fermentation of
blueberry fruit with probiotic lactic acid bacteria to
select an appropriate starter culture for developing
lacto- fermented blueberry jam. Physico-chemical
changes, microbiological analysis, antioxidant assay,
and in vitro cholesterol reduction were carried out
during fermentation.

Materials and Methods

Preparation of Blueberry Substrate

Fresh blueberry fruit was procured from fruit market,
New Delhi, India. After arrival at the laboratory,
blueberry fruits were appropriately washed. The
blueberry jam (without supplementary water or
nutrient) was prepared by putting them in a saucepan
over heat. The jam was sterilized by autoclaving at
121°C for 15 min.

Probiotic Lactic Acid Bacteria

L. plantarum DB-2, L. fermentum J-1, P, acidilactici
M-3, L. plantarum SK-3 and P, pentosaceus SM-2
were isolated from Dosa batter, Jalebi batter, Maida
dough, Sauerkraut, and Soymilk, respectively.
Probiotic attributes such as acid tolerance,*®
bile tolerance,*” antibiotic susceptibility,*® hemolytic
activity,*® gelatinase activity,?° autoaggregation,?’
co-aggregation studies,®" hydrophobicity,> bacteriocin
production,® lactic acid and hydrogen peroxide
production,® exopolysaccharide production,®
were studied on all the five isolates. Genotypic
characterization was done of all the five isolates.5®
Analysis of the 16S rRNA sequences revealed that

lactic acid bacteria isolated from Dosa batter, Jalebi
batter, Maida dough, Sauerkraut, and Soymilk showed
99%, 99%, 97%, 100% and 99% homology with
Lactobacillus plantarum, Lactobacillus fermentum,
Pediococcus acidilactici, Lactobacillus plantarum
and Pediococcus pentosaceus respectively.
The 16S rRNA gene sequence was submitted
to Genbank and assigned accession number
MK246169, MK353735, MK461878, MK246167
and MK461882 for isolate DB-2, J-1, M-3, SK-3 and
SM-2, respectively.?”

Fermentation of Probiotic Blueberry Jam

All the five isolates were sub-cultured in MRS
broth at 35°C till the colony count reaches up to
108 CFU/ml. 100 g of the blueberry jam was
inoculated separately in triplicates. The probiotic
enriched blueberry jam prepared in the present study
was divided into three sets, i.e., Set A was inoculated
with L. plantarum DB-2 (108 CFU/ml), Set B was
inoculated with P pentosaceus SM-2 and Set C
was inoculated with consortia of probiotic strains viz.
L. plantarum SK-3, L. fermentum J-1, P, acidilactici
M-3 and P, pentosaceus SM-2 (1:1:1:1, @ 108 CFU/
ml). Set D was control (without probiotic bacteria).
The fermentation process was executed at 35°C for
72 h. The fermentation was terminated by keeping
these four sets at 4°C.

Physicochemical Analysis

The blueberry jam was studied to determine the
following parameters: pH, total soluble solids,
titratable acidity, and ascorbic acid.

Preparation of the Extracts

The blueberry jam extract was prepared as
described by®%® with slight modifications. The
blueberry jam sample (10 g) was extracted with
50 ml of 80% methanol. Extraction was carried out
under stirring using a magnetic blender for 40 min
at room temperature. After agitation, the solution
was centrifuged at 3000 g for 15 min at 4°C. Then,
the supernatant was filtered out using Whatman
No. 3 filter paper and filled in a 100 mL volumetric
flask and allowed to set in the dark for an hour and
then stored at 4°C until further analysis.

pH
The pH of the fermented blueberry jam was
measured at 0, 7, 14, 21 and 28 days by using a
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digital pH meter (HI 8314, HANNA Instruments,
Italy), calibrated with pH 4 and 7 buffers.

Total Soluble Solids (TSS)

TSS content of the blueberry jam was estimated
using a portable refractometer (ARBO-95,
Brix 0-95%).

Titratable Acidity (In Terms of Lactic Acid)
Titratable acidity was measured by the titrimetric
method® and expressed as % lactic acid. The
fermented blueberry jam extract was titrated
to pH 8.0 with 0.1 N NaOH. 2-3 drops of 1%
phenolphthalein was used as an indicator.

Titratable acidity % = (Titer X Normality of alkali X
Volume made up X Equivalent weight )/(Volume of
a sample taken X Volume of aliquot taken X 1000)
X100

Ascorbic Acid

Ascorbic acid content of blueberry jam was
evaluated by visual titration method given by.5°
1 ml of the jam extract was diluted with 10 ml of 3%
metaphosphoric acid. After centrifugation, titration
was done with the standard dye solution (sodium
salt of 2, 6-dichlorophenolindophenol) to a pink
colour end point.

Ascorbic acid (mg/ 100ml) = (Titre X Dye factor
X Volume made up)/(Aliquot of sample extract X
Weight of sample taken ) X 100

Antioxidative Properties of lacto-Fermented
Blueberry Jam

The fermented blueberry jam extract was analyzed
for anti-oxidative properties viz. total antioxidant
property, reducing power, and anti-scavenging
property. Samples were taken at 0, 7, 14, 21, and
28 days for analysis.

The Antioxidant Activity

The ABTS antioxidant activity of lacto-fermented
blueberry jam was determined using the method
of.%° The antioxidant activity was measured by
adding 1 ml of each peroxidase (Sigma-Aldrich),
Hydrogen peroxide (Merck), 100 M ABTS [2,2-azino-
bis (3-ethylbenz-thiazoline-6-sulphonic acid)]
(Sigma-Aldrich) and distilled water. After proper mixing,
the reaction mixture was incubated in the dark at

25°C for 1 h. 1 ml of blueberry jam extract was added.
Finally, the absorbance was measured at 734 nm.
The antioxidant activity was calculated by the formula
mentioned below:

Total antioxidant activity (%) = [1- (A
A_., nm control)] x 100

,ss NM sample/

Reducing Power

The reducing power of lacto-fermented blueberry
jam was determined following the method of.®* It was
determined by adding 1 ml of blueberry jam extract,
0.5 ml of 0.5 M phosphate buffer (Merck, pH 6.6)
and 2.5 ml of potassium hexacyanoferrate solution
(Merck, 1% w/v). The reaction mixture was heated
at 50°C for 20 min. After the mixture was cooled
to room temperature, the reaction was terminated
by adding 0.5 ml of 10% trichloroacetic acid
(Merck). After centrifugation at 3000 g for 10 min,
1 ml of supernatant was mixed with 1 ml of distilled
water and 0.1 ml of 0.1% ferric chloride (Merck).
The reaction mixture was incubated for 10 min at
room temperature. The absorbance was measured at
700 nm using a spectrophotometer.

Free Radical Scavenging Activity (FRSA)

FRSA was performed according to the method
of.%2 It was measured by adding 1 ml of blueberry
jam extract with 5 ml of 0.1 mM DPPH-methanolic
solution (Sigma-Aldrich). The mixture was kept in
the dark for 1 h, and absorbance was measured at
517 nm by using a spectrophotometer. FRSA was
calculated by the following formula:

Scavenging activity (%) =[1 — (A
nm blank)] x 100

., "M sample/ A_,

Microbiological analysis

The viability of probiotic cultures in the lacto-
fermented blueberry jam was determined by
standard plate count method (CFU/ml) given by®®
on MRS agar medium after serial dilution ranging
from 10" to 10°. The agar plates were incubated at
35°C for 24 h. The samples were taken at 0, 7, 14,
21, and 28 days.

Health Promoting Effect of Probiotic Juice

In Vitro Cholesterol Lowering Property

In vitro cholesterol lowering property of the
lacto-fermented blueberry jam was performed by
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following the method of.*¢ 0.3% oxgall (Himedia)
was added to MRS broth (Himedia) and autoclaved
at 121°C for 15 minutes. Water-soluble cholesterol
(Sigma-Aldrich) (after filter sterilization) was added
to autoclaved MRS broth (Himedia). 10% of the
lacto-fermented blueberry jam extract was added
to it and incubated at 35°C for 24 h. Centrifugation
was performed at 5000 g for 10 min at 4°C.
1 ml of supernatant was taken into a sterilized
test tube and added with 1 ml and 2 ml of KOH
(33% w/v) and absolute ethanol, respectively. The
mixture was incubated at 35°C for 15 min after
vortexing for 1 min. The reaction mixture was cooled
to room temperature. Then, it was mixed with 2 ml
of distilled water and 3 ml of hexane. Vortexing was
done for 1 min. 1 ml of hexane layer was separated
and evaporated under nitrogen gas. The residue
was dissolved in 2 ml of o-phthalaldehyde solution.
0.5 ml of conc. Sulphuric acid was added after
proper mixing and vortexed for 1 min. The mixture
was incubated for 10 min at room temperature, and
absorbance was measured at 550 nm. Cholesterol-
lowering capacity was measured by the following
formula:

Cholesterol reduction (%) = 1 — (absorbance of
culture supernatant, / absorbance of control
x 100

550)

Sensory Evaluation
The lacto-fermented blueberry jam was subjected to
sensory evaluation by 22 untrained panellists. A total

of 13 untrained female panellists and 9 untrained
male panellists between the ages of 18-53 years
old completed the sensory evaluation. Sensory
evaluation was carried out at room temperature
in the Department of Microbiology, Kurukshetra
University, Haryana, India. Tastings occurred
between the hours of 11:00 am to 2:00 pm. Sensory
evaluation performa, along with the consent form,
was prepared and distributed to the panellists. Each
panellist was given a pen for recording on his/ her
evaluation sheet and a glass of water to cleanse
the mouth between tastings. The evaluation of the
product was carried out on appearance, colour,
taste, texture, flavour, and overall acceptability.
A nine-point hedonic scale in which 1= ‘liked
extremely, 5= ‘neither liked nor disliked’ and
9=‘disliked extremely’ was used by each participant
for sample evaluation. Approximately 20 mg of each
sample was presented in a glass container. A control
sample of the non-fermented blueberry jam was first
tasted, and then the lacto-fermented blueberry jam
was served. The plain blueberry jam was used as a
control product to eliminate first-order bias in which
consumers may unintentionally rate the first sample
more or less favourable than the lacto-fermented
blueberry jam, regardless of the product under
evaluation.® Results from the hedonic scale record
sheets were collected and input a Microsoft Excel
2010 database, then imported into the IBM SPSS
Statistic 23 for analysis.

Table 1: Physicochemical analysis of blueberry jam
fermented with different lactic acid bacteria

a) pH
Storage time Ph
(days)

Set A SetB Set C Set D (Control)
0 3.31+0.11#  3.30+0.05* 3.20 +0.03* 3.33+0.02%
7 3.22 £ 0.03* 3.21 £0.03* 3.11 £0.014 3.31 +0.05%
14 3.10 £ 0.048 3.12+0.064 3.03+0.018 3.28 + 0.014
21 3.00 £ 0.018 3.05+0.038 2.98 +0.048 3.24 + 0.06*
28 2.94 + 0.02° 2.97 £0.028 2.92 + 0.058 3.20 + 0.03*

Each value represents the mean + SD (n=3). Data bearing different uppercase

superscript letters in the same column are significantly different (P<0.05).
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b) TSS
Storage time TSS (°B)
(days )

Set A Set B SetC Set D (Control)
0 74.38 £ 0.08* 7472 +0.04* 74.63+0.07*¢ 68.05=+0.03"
7 73.84 £0.03* 73.49+0.058 73.43+0.16" 67.67 =0.05*
14 7210+ 0174  72.72+0.028 7227 +0.11®  65.33 £ 0.37®
21 71.88 £0.0686 71.93+0.06° 71.18+0.03% 63.98+0.11°
28 69.48 £+ 0.058  69.57 +0.12° 70.83 +0.08° 63.24 + 0.06C°

Each value represents the mean + SD (n=3). Data bearing different uppercase
superscript letters in the same column are significantly different (P<0.05).

c) Titratable acidity

Storage time

Titratable acidity (in terms of lactic acid)

(days)
Set A Set B SetC Set D (Control)
0 0.07 + 0.06° 0.08 + 0.22°P 0.08 + 0.05° -
1.94 + 0.14° 1.96 +0.11¢ 1.97 +0.05¢ -
14 2.57 +0.08° 2.78 £ 0.04°¢ 2.99 +0.148 -
21 3.78 + 0.07° 3.94 + 0.06° 4.12 £ 0.224 -
28 5.88 + 0.12 5.96 + 0.03* 6.67 + 0.114 -

Each value represents the mean + SD (n=3). Data bearing different uppercase
superscript letters in the same column are significantly different (P<0.05).

d) Ascorbic acid

Storage time

Ascorbic acid (mg/ 100 g)

(days )
Set A Set B SetC Set D (Control)
0 39.65 + 0.16* 39.57 £+ 0.374 39.67 = 0.124 7.94 +0.35%
39.27 + 0.25% 39.11 £ 046 39.42 +0.23* 7.10+£0.124
14 38.78 + 0.21~ 38.77 £ 0.194  39.01 £ 0.10* 7.00 £ 0.048
21 37.34 + 0.058 37.22 £0.028 38.28 + 0.07® 6.73 + 0.36°
28 36.36 = 0.17° 37.13+0.28% 38.16 = 0.14° 6.54 +0.11¢

Each value represents the mean + SD (n=3). Data bearing different uppercase
superscript letters in the same column are significantly different (P<0.05).

Statistical Analysis

All the experimental results were recorded as mean
+ SD (Standard Deviation). For every observation,
3 determinations were used. The data were

statistically analyzed. The significant differences
between means were calculated by a one-way
analysis of variance (ANOVA) using Duncan’s
multiple range test at P < 0.05.
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Results and Discussion

Physicochemical Analysis

All the strains (L. plantarum DB-2, L. fermentum
J-1, P, acidilactici M-3, L. plantarum SK-3, and
P, pentosaceus SM-2) grew well on sterilized blueberry
jam without any nutrient supplementation. Table 1
(a — d) expressed the physicochemical analysis of
blueberry jam fermented with L. plantarum DB-2,
L. fermentum J-1, P, acidilactici M-3, L. plantarum
SK-8, and P, pentosaceus SM-2. During fermentation
up to 28 days, the pH of blueberry jam showed a
reduction from 3.31 to 2.94 in Set A, 3.30 to 2.97
in Set B, 3.20 to 2.92 in Set C. The corresponding
decrease in pH was observed in Set D (Control),
i.e., 3.33 to 3.20. The pH of Marola and strawberry
guava jam showed a slight decrease from
3.31 to 3.27 during the first 6 months of storage and
increased up to 3.33 after 12 months of storage.%
The decrease in pH (3.9 to 3.7) was observed in
sugar-free guava jam during storage.®® The cherry
jam was evaluated between 0 and 15 days and
found a decrease in pH values from 3.66 to 3.29.5"
The decrease in pH values is associated with
dissociation of organic acids.®® and the utilization
of carbohydrates and sugars by lactic acid bacteria
to produce lactic acid. The changes in brix in
the blueberry jam was evaluated over 28-day of
fermentation and observed the decrease in all the
Set (A to C) along with the control. Highest titratable
acidity was observed in Set C which produced about
6.67% lactic acid whereas Set A and Set B produced
5.88% and 5.96% titratable acidity in terms of lactic
acid, respectively after 28-day of fermentation at
35°C. Control did not exhibit the titratable acidity
in terms of lactic acid. The production of acids
resulted in a decrease in pH. The capability of a
microorganism to survive and grow in fruit jam is
more dependent on pH than on titratable acidity.®®
The ability of probiotic lactic acid bacteria to grow
at such low pH may be due to the heterogeneous
characteristics that allow them to survive in various
ecological niches. The gradual decrease in ascorbic
acid content was observed during 28 days of storage
from an initial value of 39.65 to 36.36 mg/100 g,
39.57 to 37.13 mg/100 g, 39.67 to 38.16 mg/100
g in Set A, Set B, and Set C, respectively. Set D
(Control) also showed the same pattern of reduction
of ascorbic acid from an initial value of 7.94 to 6.54
mg/100 g over 28-days of fermentation.

Microbiological Analysis

The survival of probiotic bacteria during storage
evaluated in all the sets of blueberry jam, which
is mentioned in Table 2 and expressed as mean
count = SD. All the strains were capable of growing
during the storage period of 28 days at 4°C. All the
five strains grew rapidly in the blueberry jam and
reached 7.98 + 0.35 (log CFU/ml + SD), 8.01 £ 0.25
(log CFU/ml = SD) and 8.21 + 0.27 (log CFU/ml =
SD)in Set A, Set B and Set C, respectively whereas
Set D (Control) showed no viable cells of lactic
acid bacteria after 30 days of storage. A probiotic
food product must contain 106 CFU/ml viable cells
to behave as a health-promoter product.”® During
4 weeks of storing at 4°C, the number of probiotic
bacteria is reduced due to sugar consumption and
nutrients in fruit jam. The survival ability of the
lactic acid bacteria in a probiotic food product is the
essential factor during storage under refrigeration
for producing health benefits to the host. Results of
the present study demonstrate that all the probiotic
strains were able to survive in a blueberry jam
during storage, establishing that such a medium
could be a good candidate as a vehicle of probiotics.
In the present study, the formulation of blueberry
jam seemed to support the probiotic viability better.
This is in accordance with previous reports which
concluded that solid matrices might protect bacteria
during the storage of food.” 72 Lactobacilli have
been considered as demanding microorganisms
due to their requirement for various essential amino
acids and vitamins.”® Some Lactobacilli have been
found to survive in fruit matrices at refrigerated
conditions.** 77 Many researchers have shown
the survivability of probiotic bacteria in matrices
with low pH and high acidity during storage under
refrigeration (4-5°C).%8 76 L. plantarum SK-3 and
P, acidilacticiM-3 showed viable counts of more than
10° in probiotic noni and mulberry juice.””

Antioxidative Properties of Lacto-Fermented
Blueberry Jam

In this study, the antioxidative activity of cell-free
extract of lactic acid bacteria was determined
using various antioxidant assays. Table 3 (a to ¢)
showing the antioxidant activity of blueberry jam
using different starter cultures of L. plantarum DB-2,
L. fermentum J-1, P, acidilactici M-3, L. plantarum
SK-3, and P. pentosaceus SM-2. Fermented
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blueberry jam exhibited high antioxidative activity
in terms of total antioxidant activity, reducing power
and DPPH radical scavenging activity irrespective of
the starter culture used in them. Antioxidant activity
of blueberry jam (fermented with all the five strains)
reduced with the storage time. Blueberry jam showed
a reduction of 2.77%, 4.43% and 3.82% in Set A, Set
B, and Set C, respectively whereas Set D (Control)
showed a decrease of approximately 5.69% over
28 days of storage time at 4°C. The reducing power of
the blueberry jam showed a reduction during storage
at 4°C for 28 days. Radical scavenging activity of

blueberry jam was varied with that of control because
of the starters used. Set C showed good DPPH
scavenging activity in comparison with Set A and Set
B. Four weeks of storage at 4°C reduced the DPPH
scavenging activity of blueberry jam.

Free radicals play an essential role in numerous
chronic pathologies as they are involved in the
process of lipid peroxidation. A compound with
radical scavenging property serves as a potential
antioxidant.”.®

Table 2: Viability of lactic acid bacteria in lacto- fermented blueberry jam

Storage Viability of lactic acid bacteria (log CFU/mI + SD)(days )
interval

days Set A Set B SetC Set D (Control)
0 9.88 +0.35 10.07 + 0.58 10.56 + 0.16 -

7 9.12+0.29 9.76 + 0.72 10.02 + 0.22 -

14 8.79 +0.17 9.18 + 0.21 9.39 +0.39 -

21 8.13+0.52 8.49 +0.16 8.84 + 0.41 -

28 7.98 +0.24 8.01 +0.25 8.21 +0.27 -

Each value represents the mean + SD (n=3). Data bearing uppercase superscript
letters in the same column (different sampling time) are significantly different (P<0.05).

]
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Set B: Jam fermented with Pediococcus pentosaceus SM-2
Set C: Jam fermented with consortia of Lactobacillus plantarum SK-3, Lactobacillus fermentum J-1,
Pediococcus acidilactici M-3, and Pediococcus pentosaceus SM-2

Fig.1: Cholesterol reducing property of blueberry jam

Cholesterol-Lowering Property

The lowering of serum cholesterol level could be
an important health benefit of lactic acid bacteria,
demonstrated in humans as well as in animal

studies.” In the present study, blueberry jam
fermented with probiotic lactic acid starters showed
to reduce the in vitro cholesterol level (Fig. 1).%
observed the same results in cocktail fermented with
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L. plantarum and noted the reduction of 13.6% after
weeks of consumption.®' reported the significant level
of reduction in the total cholesterol and low-density
lipoprotein-c level after the consumption of kimchi by
the young, healthy volunteers. No literature was found
for in vitro reduction of cholesterol by fruit jam. The
cholesterol level and its fraction levels in serum were

reduced after the treatment with the probiotic bacteria
B. animalis VKL, B. animalis VKB and L. casei IMV
B-7280 in 6-8 weeks old female BALB /c mice but the
effects were strain-specific on serum lipid profiles.®?
L. plantarum SK-3 and P, acidilactici M-3 showed to
reduce the in vitro cholesterol level in both probiotic
noni as well as probiotic mulberry juice.””

Table 3: Antioxidant activity of lacto-fermented blueberry jam

a) Total antioxidant activity

Storage time

Total antioxidant activity

(days)

Set A Set B SetC Set D (Control)
0 73.29 £ 2.57* 74.68 +3.27* 75.29 +2.84" 69.81 + 3.58%
7 73.79 £1.14* 7327 +1.19% 7478 +1.32" 68.46 +2.73*
14 72.85+3.914 7222 +212% 73.32+3.28" 67.27 +3.17A
21 71.34 +2.80° 71.48 +4.29% 7257 +2.65" 65.46 +2.524
28 70.52 £ 3.528 70.25 +3.18% 71.47 +3.57" 64.12 £2.47°

Each value represents the mean + SD (n=3). Data bearing uppercase superscript
letters in the same column (different sampling time) are significantly different (P<0.05).

b) Reducing power
Storage time Reducing Power
(days )

Set A Set B Set C Set D (Control)
0 0.33+0.02¢ 0.35+0.04* 0.39+0.01* 0.29 +0.014
7 0.32+0.02¢ 0.34+0.01» 0.38+0.03* 0.28+0.03*
14 0.31 £0.014 0.34 £ 0.01»  0.37 £ 0.02* 0.27 £ 0.024
21 0.30 +0.03®  0.33+0.02* 0.35+0.03% 0.27 +0.02*
28 0.30£0.018  0.32+0.025 0.36 £0.02°  0.25 +0.03°

Each value represents the mean + SD (n=3). Data bearing uppercase superscript
letters in the same column (different sampling time) are significantly different (P<0.05).

c) Free radical scavenging activity

Storage time

Free radical scavenging activity

(days )

Set A Set B SetC Set D (Control)
0 73.79 £+ 3.29% 74.28 + 3.84* 74.67 +3.79" 65.48 £2.794
7 72.61 £2.52% 73.78+1.12% 73.49 +1.43* 64.89 +1.25%
14 7159 £+ 461~ 7248 +£2.68* 7279 +225* 63.61+3.83*
21 70.37 +2.558 71.83+4.68* 7212+ 146" 62.82+2.52°
28 69.87 £+ 2.13%  70.47 +3.29% 71.62 +1.698 61.42 + 3.45°

Each value represents the mean + SD (n=3).
letters in the same column (different sampling time) are significantly different (P<0.05).

Data bearing uppercase superscript
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Sensory Evaluation

Appearance serves as a preliminary parameter for
the acceptance of food and indicates the strength of
fruit products for consumption. The lacto-fermented
blueberry jam was rated by the panellists, which
is quite reasonable for a product. The difference
in appearance among different sets of the lacto-
fermented blueberry jam was negligible. Appearance
was rated 8.01 + 0.23, 8.00 + 0.28, 8.20 + 0.14 and
7.45 + 0.19 for Set A, Set B, Set C and Control,
respectively. Flavour means an overall integrated
perception of taste and aroma associated with
the product.t2 The flavour for the lacto-fermented

Appearance
9

Overall acceptability <

blueberry jam was rated as 7.05 + 0.08 for Set A,
7.13 = 0.19 for Set B, 8.08 + 0.12 for Set C, and
6.75 + 0.11 for Control. The texture is related to the
mouth-feel of a food product. It was rated highest
for Set C as 8.10 + 0.23, 7.25 + 0.21 for Set B,
7.10 £ 0.29 for Set A and lowest for Control as
6.85 + 0.17. Overall acceptability is based on
multiple organoleptic quality parameters, i.e., colour,
flavour, texture, etc. and reveals the accumulative
perception and acceptance by the panellists. Overall
acceptability was observed as 7.30 + 0.12 in Set A,
7.70 £ 0.16 in Set B, 8.28 + 0.20 in Set C, and 6.80
+ 0.05 in Control, as shown in Fig. 2.

—Set A
—Set B
—_—Set C
= Control

Texture

Flavour

Fig. 2: Sensorial evaluation of blueberry jam (lacto-fermented and non-fermented)

Conclusion

In the present study, the survival of L. plantarum,
L. fermentum, P acidilactici, and P. pentosaceus
probiotic strains in the blueberry jam was reported for
the firsttime. The study assessed the physicochemical
changes during fermentation and storage period.
The viability of different probiotic strains was also
examined in a blueberry jam during fermentation
and under refrigerated storage. The probiotic cultures
added to the jam did not remarkably modify the
colour and appearance of the product; however, the
metabolism of Lactobacilli changes the pH which,
in turn, accelerates the rate of hydrolysis of sugar
into simpler ones. Fruit jam represents a suitable
carrier for the delivery of probiotics. Blueberries are
a good candidate for producing a novel and healthy
non-dairy probiotic food which could effectively
deliver probiotic L. plantarum, L. fermentum,
P acidilactici and P. pentosaceus strains under
refrigerated conditions. Incorporation of probiotics

into fruit jam makes the jam healthier as fruits
are naturally rich in essential macro- and
micro-elements. Concerning the performance,
L. plantarum DB-2, L. fermentum J-1, P, acidilactici
M-3, L. plantarum SK-3, and P pentosaceus SM-2
were observed to be suitable for fermentation
of blueberry jam and may have the ability for a
possible industrial application in the production of
lacto-fermented blueberry jam. Further work on
optimizing the fermentation conditions and in vitro
and in vivo functionality of the fermented blueberry
jam is highly recommended. Lacto-fermented
blueberry jam can increase consumer acceptability.
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