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ARTICLE INFO ABSTRACT

ORIGINAL ARTICLE Background: Vitamin B12 is the micronutrient, present naturally in animal

products. The present study was conducted with the aim of developing a

naturally fortified vitamin B12 rich fruit product, which can easily be
consumed by vegan population. Methods: Pineapple (Ananas comosus) fruit
pulp was fermented with Lactiplantibacillus plantarum 20174 to produce
vitamin B12 rich jelly. The selected microbial strain grew well in pineapple
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(Ananas comosus) fruit pulp matrix. The physiochemical properties and
nutritional content were analysed and compared for the jellies prepared from
fermented (fermented pineapple jelly or FPJ) and spontaneous fermented
(control pineapple jelly or CPJ) pineapple pulp. Both CPJ and FPJ were
packed and stored for 30 days at low (4 "C) and ambient (30 'C) temperature
conditions, and were subjected to analysis at 10 days intervals. Results: The
Total soluble solids (TSS), pH, and reducing sugars were higher in CPJ than
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FPJ. The FPJ contained 8.17 g vitamin B12/100 g, while it was not detected
in CPJ. There was no microbial growth detected in FPJ throughout the storage
period when stored at 4 °C, rendering it safe for consumption up to 30 days at
both the storage temperatures. The decrease in scores of various sensory
attributes during storage was little and the developed FPJ was still in the “liked
very much” category throughout the storage period. The vitamin B12 content
of FPJ was stable during storage and sufficient enough to fulfil an individual’s
daily requirement. Conclusion: The developed fermented pineapple jelly can
be recommended as an excellent vegan source of vitamin B12.

Introduction

Vitamin B12 is a water soluble vitamin and is
an important nutrient. Its deficiency may lead

to megaloblastic anaemia and some other

neurological disorders (Yahn et al., 2021). Vitamin

B12 is present largely in animal food sources and

dairy products (Azad et al., 2020, Sobczynska-
Malefora et al., 2021). However, these days due to
increased popularity of vegan and vegetarian diets,
there is a necessity to develop more plant-based
food products providing the requirement of vitamin
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B12 for vegans.

Fruits are excellent sources of vitamins and
other nutrients but lack in vitamin B12. One of the
most consumable fruit from tropical and
subtropical regions is pineapple, which is widely
known for its great aroma and flavour (Ali et al.,
2020). The fruit pulp is rich in antioxidant,
polyphenols,  phytochemicals, vitamins and
minerals (Chaudhary et al., 2019, Shamsudin et al.,
2020). The fruit is consumed as raw for its pulp or
juices, or processed into various food products,
jelly being one of the most popular ones.

Fermentation enhances organoleptic properties
and nutritional value of several fruit products.
Lactobacillus is generally recognized as a safe
(GRAS)  microorganism, widely used for
fermentation and production of nutrient-rich food
products (Ayivi et al., 2020). Lactobacillus strains
enhances the antioxidant and antimutagenic
activities (Heydari et al., 2023). Several species of
lactobacillus have also been used for vitamin
production in food matrixes (Prazdnova et al., 2022,
Song et al., 2021). However, the production of
vitamin B12-rich commercial fruit products is still
the subject of on-going study. Thus, the present
study was designed to formulate a vitamin B12
rich fermented pineapple pulp jelly using
Lactiplantibacillus plantarum 20174. The product
was further evaluated for the changes in its
nutritional and sensory properties during storage.

Materials and methods

Preparation of pineapple fruit substrate

Fresh pineapple fruit was procured from local
market, New Delhi, India. The fruit was washed
under tap water (2 min. at 8 °C) and peeled with
sharp knife. The pulp was removed and cut into
small cubes. The fruit cubes were minced into thick
paste using electric blender (Philips Mixer Grinder,
model, HL7777/00) and strained through muslin
cloth. The juice was removed and thick fruit pulp
was stored in glass bottle at -18 °C for further use.

Two pineapple pulp recipes, control pineapple
pulp (CPP) without inoculation for spontaneous
fermentation, and fermented pineapple pulp (FPP)
inoculated with Lactiplantibacillus plantarum

20174 were prepared as follows. 400 g pineapple
pulp was added with 40% sucrose and 300 ml
distilled water, which were kept in air-sealed glass
container separately for both recipes (CPP and
FPP). Both glass bottles were sterilized in water
bath at 90 °C for 15 minutes with continuous
stirring followed by rapid cooling at room
temperature. This procedure was required to
destroy microbes and prevent contamination until
further use. Before inoculation, the pH was
adjusted to 6.0 by adding 0.1 M NaOH solution in
both recipes.

Microbial strains and culture preparation

The bacterium strain, Lactiplantibacillus
plantarum strain 20174 was procured from MTCC,
India. It was in lyophilized form and was
reactivated in 1000 ml DeMan, Rogosa and Sharpe
(MRS) broth. The MRS broth contained following
components in 1000 ml distilled water: Proteose
peptone 10 g; yeast extract 5 g; beef extract 10 g;
dextrose 20 g; tween-80 1 ml; ammonium citrate
2¢; sodium acetate 5g; magnesium sulphate 0.1 g;
manganese sulphate 0.05 ¢; and dipotassium
phosphate 2 g. The pH was adjusted to 6.0 before
autoclaving at 121 °C, and the reactivated cells
were again transferred to MRS agar plate for 24
hours to check the potency and viable cell count. A
loopful of cells was inoculated in 100 ml MRS
broth and incubated for 48 hours at 37 °C until it
reached 9.0 log CFU/mI. The inoculum optical
density (ODgo) Was measured at 1.0 at wavelength
600 nm.

Preparation of fermented pineapple jelly

Fermentation: The pasteurized pineapple pulp
(FPP) was inoculated with 1.2 to 1.4 x10° cful/g
bacterial suspension in aseptic conditions and kept
for fermentation in anaerobic conditions for 72
hours at 37 °C. The CPP was kept in anaerobic
condition for spontaneous fermentation, for 72
hours at 37 °C. After 72 hours of fermentation, the
anaerobic fermentation jars were opened and
samples were kept at -18 °C for further treatment.

Jelly preparation: Both pineapple pulp (CPP
and FPP) were used for jelly preparation. The
pineapple pulp was homogenised and 400 g pulp
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was poured into heavy base steel vessel and
brought to a boil with continuous stirring. Food
grade gelatine (10 g), citric acid (2 g), pineapple
flavour, 12% glucose solution, and 180 g cane
sugar were added in both recipes with continuous
homogenization. The hot pulp was poured in
silicon moulds and labelled separately as FPJ and
Control Pineapple Jelly (CPJ). The moulds were
kept at 4 °C for 2-3 hours for solidification. The
solid jellies were removed from moulds and coated
with starch powder to prevent sticking together.
The jellies were individually wrapped in plastic
air-proof coating and stored in air tight container
separately at low (4 °C) and ambient (30 °C)
temperature conditions for 30 days. The analysis of
various parameters was carried out regularly at 10-
day intervals.

Quiality analysis
Determination of physiochemical properties:

Physiochemical properties were estimated by used
AOAC 2005 methods (Bogha et al., 2020). The
titrable acidity (942.15 method) is the
measurement of total available hydrogen ions in
solution. A 10 g of sample was mixed with 100 ml
distilled water. 25 ml of diluted jelly fruit pulp was
taken in volumetric flask, and 2-3 drops of
phenolphthalein indicator was added. The Solution
was titrated against 0.1 M NaOH till the constant
pink colour appearance. The titrable acidity was
expressed in percentage, and calculated with
following formula (Pawar et al., 2023).
Titrable acidity = (Titre value

X Normality of NaOH

X volume made

X equivalent weight

X 1000)/(Volume of extract

X weight of sample X 100)

The pH of the cooked pulp was estimated using
pH meter (Digital pH Meter HTLP-081). The pH
meter was calibrated with acid and base buffers
(Bogha et al., 2020). Total soluble solids (%) were
measured at room temperature using digital
refractometer  (Hanna Instruments  Sucrose
Refractometer, India) (Bogha et al., 2020, Pawar et
al., 2023).

Determination of proximate and nutritional
composition: Proximate composition including
moisture, ash, crude fibre, protein, and total
carbohydrates of the developed product were
estimated as per AOAC 2005 Official Methods
(Bogha et al., 2020). “Fats were estimated by
organic solvent extraction method (Sarungallo et
al., 2019). A 2.0 g sample was taken in an
extraction thimble, and 200 ml petroleum ether
was added while the mantle was heated. After 8
hours of continuous heating, the petroleum ether
was evaporated. Then, the fat free sample was
cooled and weighed. Finally, the total fats (%)
were calculated using the formula:

% Fat = Weight of dried sample
Weight of the sample
Total crude fibre was also determined by AOAC
2005 official method (Bogha et al., 2020). Briefly,
3.0 g fat free sample was digested with 2.0 N
sulphuric acid, followed by 2.0 N sodium
hydroxide. The sample was washed thrice and
dried at 105 °C for 7 hours followed by ashing in
muffle furnace. The presence of crude fibre was
estimated by using the following formula(Kuria et
al., 2021) :
Crude Fiber (%) = (Initial weight of dried sample
— final weight (ash)
X 100)/(Weight of the sample)

X 100

Determination of Vitamin B12: Vitamin B12 in
prepared sample was estimated in
cyanocobalamin form after extraction and
purification as described by Xie et al. with few
modifications (Xie et al., 2019). 5 g crushed and
pureed sample was mixed with 25 ml sodium
hydroxide and acetic acid extraction buffer with
1%sodium cyanide solution. About 0.05 g o-
Amylase was added and incubated for 15-20
minutes at 40 °C. Add 20 ml sodium acetate
solution and sample was again incubated at water
bath at 37 °C for 30 minutes. The sample was
allowed to cool down at room temperature and
centrifuged to 6.800 rpm for 10 min. Supernatant
was collected and residue was again centrifuged
with extraction buffer and centrifuged again.
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Total supernatant was collected at 25 ml,
followed by filtration. After filtration, the extract
was purified by passing through 0.22 um syringe
filter and sample was collected in amber sample
vials. The filtrate was stored in dark for further
HPLC analysis with C-18 column.

Microbiological analysis

The microbiological analysis was carried out
on standard plate count and yeast and mold count
as suggested in previous researches(Choo et al.,
2018, Lim et al.,, 2022). The samples were
serially diluted in sterile 0.1% peptone water
before being plated onto microbiological media
using spread plate technique. Triplications of each
sample were made. Further, Plate Count Agar
(PCA) technigue was used to quantify the number
of aerobic mesophilic bacteria in each sample,
whereas  Potato  Dextrose  Agar (PDA)
supplemented was used to quantify the number of
yeast and mold. The plates were incubated at 37
OC for 48 hours aerobically for bacterial growth,
while at 25 °C they were incubated for 120 hours
to grow yeast and mold.

Sensory evaluation

Both FPJ and CPJ were subjected to sensory
evaluation by 30 semi trained panellists on 9-point
hedonic scale (Nagar and Rastogi, 2022). The
panellist included 18 females and 12 males
between the ages of 20-58. The evaluation of
jellies was based on colour, taste, texture, aroma,
and overall acceptability. The 9-point hedonic
scales, where 9=extremely liked, 8=liked very
much, 6=liked slightly, 5=‘neither liked not
disliked’ and 1=‘extremely disliked’ were used.
Every 10 day during storage, the process was
repeated with same panellists.

Data analysis

All the experiments were performed in
triplicates and presented in meanzstandard
deviation. The results were statistically analysed
by one-way ANOVA and Tukey’s test using
SPSS software (IBM version 22). P-value of 0.05
was taken as significant difference.

Results

Proximate and nutritional composition of jelly:

The proximate and nutritional composition of
CPJ and FPJ, the two variants of jellies, was
presented in Table 1. The moisture content of the
jellies ranged from 23.45% to 23.74% and was not
significantly different in the two variants. The fibre
content in the jellies ranged from 2.92-3.14%, and
it was slightly but significantly lower in FPJ than
CPJ. The ash content ranged from 1.94% and
2.08% and it was significantly higher in FPJ than
CPJ.

FPJ exhibited a lower concentration of crude
fats (0.17%) as compared to CPJ (0.22%). The
protein content in FPJ was significantly higher
(6.78%) in comparison to CPJ (0.94%). The total
carbohydrates were significantly lower in FPJ
(67.23%) as compared to CPJ (73.45%).

Vitamin B12: Fruits and vegetables are poor
source of vitamin B12. The fermented pineapple
jelly contains high amount (8.17 pg/100 g) of
vitamin B12 while the unfermented pineapple jelly
did not show any detectable amount of vitamin
B12 (Table 1). The changes in vitamin B12
content of FPJ stored at 4°C and 30°C are
presented in Figure 1. There was no significant
change observed in vitamin B12 content during
storage at 4 °C; however, at ambient temperature
conditions of 30 °C, no change was observed up to
10 days and a slight decrease was observed at later
storage periods.

Table 1. Nutritional composition of jellies.

Control
- Fermented :
Composition . - pineapple
pineapple jelly jelly

Moisture (%) 23.74+0.24° 23.45+0.54°
Fibre (%) 2.92+0.18° 3.14+0.21°
Ash (%) 2.08+0.89° 1.94%0.54°
Crude fats (%) 0.17+0.45° 0.22+0.91°
Protein (%) 6.78+0.87° 0.94+0.18°
Total a b
carbohydrates (%) 67.23+1.23 73.45+1.76
Vitamin B12

8.17+£0.45 Not detected
(Mg/100 g)

Values are presented in meant standard deviation
(n=3).Values with the same superscript within a row indicate
a non-significant difference (P>0.05).
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Total soluble solids (TSS): TSS was slightly
higher in CPJ than FPJ. The initial TSS of FPJ and
CPJ were 45.25% and 46.20 %, respectively. The
TSS in FPJ was not significantly affected
throughout the storage period at both the storage
temperatures; however, there was a slight but
significant decrease observed in TSS after 20 days
of storage at 30°C (Table 2). In CPJ, it was not
significantly affected up to 20 and 10 days of
storage at 4°C and 30°C, respectively. It then
decreased significantly at later storage periods.
Total soluble solids: TSS was slightly higher in
CPJ than FPJ. The initial TSS of FPJ and CPJ were
45.25% and 46.20 %, respectively. The TSS in FPJ
was not significantly affected throughout the
storage period at both the storage temperatures;
however, there was a slight but significant decrease
observed in TSS after 20 days of storage at 30 °C
(Table 2). In CPJ, it was not significantly affected
up to 20 and 10 days of storage at 4 °C and 30 °C,
respectively. It then decreased significantly at later
storage periods

Titratable acidity: The initial acidity of FPJ and
CPJ were 0.72% and 0.69%, respectively (Table
2). The acidity in FPJ was not significantly
affected up to 20 days of storage at 4 °C and 10
days at 30 °C, but then increased at both the
storage temperatures at later storage periods. In
CPJ, it was not significantly affected up to 20 days
of storage at both the storage temperatures but then
increased significantly at later storage periods.
During 30 days of storage at 4 °C, the acidity of
FPJ and CPJ increased from 0.72% to 0.78% and
0.69% to 0.72%, respectively. However, when
stored at 30 °C, the acidity increased to 0.80% and
0.79% in FPJ and CPJ, respectively during this
period.

pH: FPJ and CPJ were found to have initial pH
values of 2.89 and 3.19 (Table 2). During storage
at low temperatures, the pH was reduced to 2.81
and 298 for FPJ and CPJ, respectively.
Furthermore, when stored at 30 °C, final pH was
observed to be 2.79 and 2.95 for FPJ and CPJ.

Reducing sugars: As shown in Table 2, the

initial content of reduced sugars was lower in FPJ
(28.23%) than CPJ (33.34%). During storage
period of 30 days at 4 °C, the reducing sugar
content was increased to 29.76% and 33.89% for
FPJ and CPJ. On the other hand, higher reduction
in sugar was observed when stored at ambient
temperature of 30 °C. It was 32.34% in FPJ and
35.12% in CPJ at 30 days of storage.
Total plate and total yeast and mold count: The
total plate count (TPC) and total yeast and mold
count (TYMC) are presented in Table 3. The
microbiological analysis of FPJ indicated no
microbial count throughout the storage period
when stored at 4 °C. On the other hand, CPJ
showed the presence of bacteria, mold and yeasts
by 30 days of storage at 4 °C.
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400 W Vitamin B12 at 30°C
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0.00
0 10 20 30

Storage Period (Days)

Figure 1. Changes in Vitamin B12 during storage;
Data are presented in meantstandard deviation

(n=3). Mean values with different superscripts on
each bar indicate a significant difference (P<0.05).

Sensory attributes: The scores for various
sensory attributes are presented in Table 4. It was
observed that colour, taste, texture, aroma and
overall acceptability scores of the freshly prepared
jellies (0-day of storage) were above 8.0, thereby
they were in the category of liked very much. The
sensory scores were found slightly higher in FPJ
than CPJ.
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different temperatures.

Fermented pineapple jelly Control pineapple jelly
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sDt?r/Z Og Storage temperature
9 4°C 30°C 4°C 30°C

Total soluble solids (%)

0 45.25+0.76° 45.25+0.75° 46.20+0.82° 46.20+0.81%

10 45.24+1.23% 45.25+1.20° 46.20+0.91° 46.19+0.93°

20 45.24+0.28° 45.20+0.32° 46.19+0.45° 45.41+0.34°

30 45.25+0.62° 44.85+0.70° 46.14+0.65° 45.32+0.71°
Acidity (%)

0 0.72+0.16° 0.72+0.15° 0.69+0.34° 0.69+0.28°

10 0.72+0.05° 0.74+0.23% 0.69+0.14% 0.70+0.18°

20 0.74+0.18" 0.78+0.19° 0.70+0.35° 0.71+ 0.12°

30 0.74+0.20° 0.78+0.18° 0.72+0.19° 0.79+0.23°
pH

0 2.89+0.112 2.89+0.21° 3.19+0.07° 3.19+0.08°

10 2.87+0.08° 2.85+0.09% 3.15+0.13° 3.14+0.17°

20 2.84+0.12° 2.81+0.15%® 3.030.33" 2.99+ 0.22°

30 2.81+0.19° 2.79+0.17° 2.98+0.18° 2.95+0.20°
Reducing sugars (%)

0 28.23+0.11° 28.23+0.21° 33.34+0.07° 33.34+0.08°

10 28.50+0.08° 29.20+0.09° 33.45+0.13° 34.21+0.17°

20 28.92+0.12° 30.94+0.15° 33.80+0.33° 34.95+ 0.22°

30 29.76+0.19° 32.34+0.17° 33.89+0.18° 35.12+0.20°

Data are presented in mean * standard deviation (n=3). The mean values with different superscripts in each column of a parameter

differ significantly (P<0.05).

Table 3. Microbial load (CFU/mI) of pineapple jelly during storage at different temperatures.

Fermented pineapple jelly

Microbial counts

Control pineapple jelly

sDt?le;; Storage temperature
4°C 30°C 4°C 30°C
TPC TYMC TPC TYMC TPC TYMC TPC TYMC
0 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
10 N.D. N.D. N.D. N.D. N.D. N.D. 1.2x 10> 2.1 x 10?
20 N.D. N.D. N.D. N.D. N.D. N.D. 1.7x 10° 2.5 x 10°
30 N.D. N.D. 2.5% 10° 3.1x 10° 1.4x 10° 2.1x 102 2.9x 10° 4.1x 10°

CFU: Colony Forming Units; TPC: Total Plate Count; TYMC : Total yeast and mold count; N.D: Not detected

Since only the developed product FPJ
contained vitamin B12, the sensory evaluation
during storage was conducted only for FPJ. The
changes in various sensory attributes of FPJ
stored at 4 °C and 30 °C are presented in Figure
2. The colour and appearance were reduced from
8.59 to 8.51 during 30 days storage at 4 °C and
from 8.59 to 8.48 during storage at 30 °C. The
taste of FPJ was decreased from 8.77 to 8.75 at
4°C, and 8.77 to 8.73 when stored at 30 °C for 30

days. The consistency score decreased from 8.9 to
8.85 at 4 °C while from 8.9 to 8.81 at 30 °C.
Gradual decrease was observed for overall
acceptability scores during storage at both the
temperatures. Marginal changes have been
observed in aroma during storage at both the
temperatures. The average overall acceptability
score after 30 days storage was 8.86 and 8.82
when stored at 4 °C and 30 °C, respectively. In the
present study, the decrease in scores of various
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sensory attributes was little and the developed
FPJ was still in “liked very much category” after
storage of 30 days at both low and ambient
temperature conditions.

Discussion

Proximate composition: The results acquired
from the experiment accomplished on pineapple
fruit pulp showed the moisture content of the
jellies ranged from 23.45% to 23.74%. There was
insignificant variation in moisture content on
vitamin B12 rich FPJ and CPJ. These findings are,
however, inconsistent with the findings of (Ogodo
et al., 2017), where higher mositure in food matrix
was observed after fermentation in maize flour.
The moisture content of the jellies in present
investigation was lower than the reported values by
other researchers. The moisture content of jams
was reported to be rang from 26.78% to 28.52%
and in fruit marmalades it was 31.23% to 33.37%
(Naeem et al., 2017, Rana et al., 2021).

Table 4. Sensory evaluation (9-point hedonic scale)

of pineapple jellies at 0-day of storage.

Sensory Fermented Control
attributes pineapple jelly pineapple jelly
Colour 8.59+0.32% 8.71+0.12°
Taste 8.77+0.27° 8.33+0.29"
Texture 8.90+0.17° 8.60+0.29"
Aroma 8.30+0.43" 8.00+0.12°
el 8.9120.53° 8.28+0.31°

acceptability

Values are presented in mean+ standard deviation (n=3).
Values with the same superscript within a row indicate a
non-significant difference (P>0.05).

The amount of ash present in fruit matrixes
indicated the presence of minerals. In the present
study, the fermented jelly showed a significant
increase (14%) in ash content compared to non-
fermented jelly. The higher ash content in FPJ
compared to CPJ could be due to higher reduction
of certain chemical components such as
carbohydrates,  fibres, and  fats  during

fermentation. (Septembre-Malaterre et al., 2018)
also reported similar increase in ash content of
mango pulp during fermentation, and attributed it
to decreased carbohydrate content.

Crude fibres are required in human body for
healthy digestion, maintaining gut microbiota, and
lowering the risk of heart disease and colon cancer.
According to the Food Standard and Safety
Authority of India (FSSAI), a product must have at
least 3 g of fibre per 100 g product in order to be
labelled a "good source of fibre." In the present
study, it ranged from 2.92% to 3.14% and was thus
conforming to the prescribed standards. (Tuolienuo
and Galyuoni, 2022) also reported 3.00 % crude
fibres in jam prepared from pineapple and
pumpkin pulp blends. In the present investigation,
the reduced amount of fibre in FPJ could be the
result of metabolization, enzymatic breakdown,
and utilisation of fibres by the microorganisms
responsible for fermentation. Similar decrease in
fibre content during fermentation was reported by
other workers as well (Kuria et al., 2021, Ogodo et
al., 2017, Ozabor et al., 2020).

Crude fibres are required in human body for
healthy digestion, maintaining gut microbiota, and
lowering the risk of heart disease and colon cancer.
According to the Food Standard and Safety
Authority of India (FSSAI), a product must have at
least 3 g of fibre per 100 g product in order to be
labelled a "good source of fibre." In the present
study, it ranged from 2.92% to 3.14% and was thus
conforming to the prescribed standards. (Tuolienuo
and Galyuoni, 2022) also reported 3.00 % crude
fibres in jam prepared from pineapple and
pumpkin pulp blends. In the present investigation,
the reduced amount of fibre in FPJ could be the
result of metabolization, enzymatic breakdown,
and utilisation of fibres by the microorganisms
responsible for fermentation. Similar decrease in
fibre content during fermentation was reported by
other workers as well (Kuria et al., 2021, Ogodo et
al., 2017, Ozabor et al., 2020).
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Figure 2. Sensory attributes of FPJ during storage at low (4°C) and ambient temperature (30°C) conditions.

In the present study, the crude fat percentage
was observed to be lower in FPJ than CPJ. The
reduction in fats during fermentation was also
reported in soya milk and was attributed to its
utilization for energy production by the microbes
(Obadina et al., 2013). Ogodo et al. also observed
similar decrease in fat content due to fermentation
in maize flour (Ogodo et al., 2017).

The total carbohydrates in the present
investigation were significantly lower in FPJ as
compared to CPJ. However, the amount of
carbohydrates, which was largely because of
sugars were still sufficient enough to provide

palatability and sweetness in FPJ. The decrease in
carbohydrate content in fermented jellies could be
due to its utilisation by microbes responsible for
fermentation (Rehman et al., 2020, Zhang et al.,
2023).

Fruits and vegetables are poor sources of
proteins. Fermentation is considered one of the
promising methods to enhance protein content in
fruit products. Similarly, in the present study the
protein content in FPJ was significantly higher
than CPJ. (Afoakwah et al., 2023) also reported
that protein content was increased by 6.5 fold in
potato-pineapple jam prepared from fermented
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pulp. Singhal et al. also observed that fermented
bamboo shoots contained higher protein content
(Singhal et al., 2021). Kantachote et al. earlier
reported an increase in amino acids content of
coconut  water  when  fermented  with
Lactiplantibacillus plantarum (Kantachote et al.,
2017).

Vitamin B12 is heat stable and required for
proper brain functioning and prevention of
anaemia. Prokaryotes synthesizes vitamin B12 in
food matrixes by two alternative pathways: aerobic
and anaerobic (Azad et al.,, 2020, Yahn et al.,
2021). In the present experiment, fermentation of
pineapple pulp with Lactiplantibacillus plantarum
20174 led to synthesis of vitamin B12, and hence,
FPJ contained its sufficient amount while it was
lacking in CPJ. Accordingly, fermentation of
coconut water with Lactobacillus brevis, in-situ
fermentation of wheat, and bran mix was reported
to enrich vitamin B12 content of these food
products (Kantachote et al., 2017, Xie et al., 2019).

Changes in FPJ and CPJ during storage:
During storage, total soluble solids in FPJ
remained stable when stored at low temperature,
while marginal reduction was observed when
stored at ambient temperature of 30 °C. The
marginal decrease in total soluble solids could be
due to utilisation of soluble polysaccharides and
metabolites by the microorganisms for their growth
(Rehman et al., 2020). The TSS of fermented
dragon fruit juice was found to decreased from
28.70 to 25.1 when stored at ambient temperature
(Choo et al., 2018).

The titrable acidity was higher in FPJ than CPJ,
which increased during storage. The increased
acidity and thus reduced pH in FPJ pulp could be
attributed to lactic acid fermentation of the pulp.
Rana et al. also observed increased acidity and
reduced pH of mixed fruit jam during storage
(Rana et al., 2021). Similar changes in pH and
acidity were also reported in fermented blueberry
jam (Chaudhary et al., 2020) and in dragon fruit
jelly (Panchal et al., 2018).

The reducing sugar content increased in both
FPJ and CPJ during storage, the increase being

more at 30 °C than 4 °C. The increase in reducing
sugar was caused by degradation of insoluble
polysaccharides into soluble ones during storage
and conversion of non-reducing sugars into
reducing sugars under low pH conditions, the
conversion being faster at higher temperature.
Similar increase in reducing sugar was also
reported in other fruits products (Aimi Azira et al.,
2021, Bekele et al., 2020, Ikegaya et al., 2020).

During storage, no significant changes were
observed in vitamin B12 content in FPJ stored at 4
°C; however, the jellies stored at ambient
temperature showed slight but significant decrease
in vitamin B12 content during storage. Therefore,
on the basis of the findings of the present
investigation, it can be recommended to store the
prepared FPJ at low temperature of 4 °C. However,
storage at ambient temperature of 30 °C also
retained sufficient amount of vitamin B12 in FPJ
that could fulfil individual adult’s daily
requirement of 2.4 pg/day, as prescribed by
(National Institute of Health, 2021). The present
study thus indicated that vitamin B12 is a stable
vitamin with respect to temperature of storage.
Similar observations were made by other workers
too (Czarnowska-Kujawska and Paszczyk, 2021,
Sobczynska-Malefora et al., 2021, Zhang et al.,
2023). In the present study, the marginal loss of
vitamin B12 during storage of FPJ at ambient
temperature of 30 °C could be due to the influence
of relative humidity and packaging material, as
suggested by other workers (Czarnowska-
Kujawska and Paszczyk, 2021, Hemery et al.,
2020, Zhang et al., 2023).

The microbiological analysis of the FPJ revealed
that there was no growth of bacteria, yeast, or
molds till 30 days of storage at 4 °C, while the
marginal microbial infestation was observed
during later storage periods at 30 °C. The low
microbial count in FPJ can be attributed to organic
acids produced during fermentation and thereby its
low pH, and proper pasteurization of pulp. Since
the microbial counts in FPJ were lesser than the
permitted limit of 1x10° CFU/ml (Chaudhary et al.,
2020), the developed FPJ was microbiologically
safe for consumption at both the storage
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temperatures and up to the study period of 30 days.

In the present study, the sensory scores were
slightly higher in FPJ than CPJ, indicating that
fermentation improved the overall acceptability of
the product. The acceptability of FPJ was studied
for 30 days of storage. A gradual decrease in all
the sensory attributes was observed during storage
at both 4 °C and 30 °C. The decrease in the overall
acceptability of FPJ during storage could be
attributed to increased acidity and various
associated biochemical changes. Since these
changes leading to decreased acceptability were
slower at low temperature storage of 4 °C, the
overall acceptability scores were higher for FPJ
stored at low temperature compared to ambient
temperature conditions. Similar results had earlier
been reported for the sensory scores during storage
at different temperatures for coconut water
(Kantachote et al., 2017), strawberry jam (Ikegaya
et al., 2020), pineapple coconut jam (Chaudhary et
al., 2019) and fermented sweet lemon juice s
(Hashemi et al., 2017).

Fermentation in fruit pulp, therefore, has a great
potential for producing value-added fruit products
with enhanced vitamin B12. Fermentation can also
be one of the most effective tools for sustainable
use of these otherwise perishable fruits. Other than
Lactobacillus, microbes like Propionibacterium or
Pseudomonas sp. can also be employed in the
future for fermentation, the different strains of
which may show better efficiency in other fruits to
produce vitamin B12-enriched fruit products.

Conclusion

The experiment's findings showed that
Lactiplantibacillus plantarum 20174 fermented
pineapple fruit pulp could be a good source of
vitamin B12. Furthermore FPJ, when individually
wrapped in a plastic air-proof coating and stored in
an airtight container, showed excellent (liked very
much in the category of hedonic scale) taste,
aroma, overall acceptability, and nutritive value up
to 30 days of storage, both at low (4 °C) and
ambient (30 °C) temperature conditions. The FPJ
served as an excellent source of vitamin B12 that
could fulfill an individual adult’s daily requirement

of 2.4 pg/day. Additionally, the microbiological
investigation for bacteria, fungi, or yeast showed
that the developed FPJ was microbiologically safe
for consumption throughout the storage period.
The developed fermented pineapple jelly,
therefore, can be recommended as an excellent
vegan source of vitamin B12. Further
investigations need to be carried out with respect to
its diversification and packaging.

Funding

Financial support was provided by Sharda
University under the Seed Fund scheme
(SU/SF/2022/14).

Conflict of interest
The authors declared no conflict of interests.

Authors’ contributions

Rastogi M and Singh V contributed to design
and implementation of research, Islam Z, and
Shaida B and Siddiqui S contributed to planning,
result analysis, and manuscript writing.

Acknowledgement

The authors would like to thank the staff at
Sharda University for support and facilities they
provided.

Reference

Afoakwah NA, et al. 2023. Quality evaluation of
orange-fleshed sweet potato-pineapple blended
jam. Journal of agriculture and food research.
12: 100540.

Aimi Azira S, et al. 2021. Prevention of browning
reaction in banana jam during storage by
physical and chemical treatments. Food
research. 5 (5): 55-62.

Ali MM, Hashim N, Abd Aziz S & Lasekan O
2020. Pineapple (Ananas comosus): A
comprehensive review of nutritional values,
volatile compounds, health benefits, and
potential food products. Food research
international. 137: 109675.

Ayivi RD, et al. 2020. Lactic acid bacteria: Food
safety and human health applications. Dairy. 1
(3): 202-232.

Azad C, et al. 2020. Vitamin B12 status and
neurodevelopmental delay in Indian infants: a

152

CCBY-NC3.0


http://dx.doi.org/10.18502/jnfs.v10i1.17766
https://jnfs.ssu.ac.ir/article-1-925-en.html

[ Downloaded from jnfs.ssu.ac.ir on 2025-02-25 ]

[ DOI: 10.18502/jnfs.v10i1.17766 ]

Rastogi M, et al.

INFS | Vol (10) | Issue (1) | Feb 2025 [ IR

hospital-based cross-sectional study. Paediatrics
and international child health. 40 (2): 78-84.

Bekele M, Satheesh N & Sadik J 2020. Screening
of Ethiopian mango cultivars for suitability for
preparing jam and determination of pectin, sugar,
and acid effects on physico-chemical and sensory
properties of mango jam. Scientific African. 7:
e00277.

Bogha T, Sawate A, Kshirsagar R & Bochare S
2020. Studies on physical, chemical and mineral
evaluation of guava (Psidium Guajava L.).
Pharma innovation journal. 9 (3): 117-119.

Chaudhary A, Verma K & Saharan BS 2020.
Probiotic Potential of Blueberry Jam Fermented
with Lactic Acid Bacteria. Current research in
nutrition & food science. 8 (1): 65.

Chaudhary V, Kumar V, Singh K, Kumar R &
Kumar V 2019. Pineapple (Ananas cosmosus)
product processing: A review. Journal of
pharmacognosy and phytochemistry. 8 (3): 4642-
4652.

Choo KY, et al. 2018. Studies on the storage
stability of fermented red dragon fruit
(Hylocereus polyrhizus) drink. Food science and
biotechnology. 27: 1411-1417.

Czarnowska-Kujawska M & Paszczyk B 2021.
Changes in the folate content and fatty acid
profile in fermented milk produced with different
starter cultures during storage. Molecules. 26
(19): 6063.

Hashemi SMB, et al. 2017. Fermented sweet
lemon juice (Citrus limetta) using Lactobacillus
plantarum  LS5:  Chemical  composition,
antioxidant and antibacterial activities. Journal
of functional foods. 38: 409-414.

Hemery YM, et al. 2020. Influence of storage
conditions and packaging of fortified wheat flour
on microbial load and stability of folate and
vitamin B12. Food chemistry. X 5: 100076.

Heydari S, Hosseini SE, Mortazavian AM &
Taheri S 2023. Extraction of bioactive peptides
produced in probiotic yoghurt and determination
of their biological activities. International dairy
journal. 139: 105544,

Ikegaya A, Toyoizumi T, Kosugi T & Arai E
2020. Taste and palatability of strawberry jam as

affected by organic acid content. International
journal of food properties. 23 (1): 2087-2096.

Kantachote D, Ratanaburee A, Hayisama-ae W,
Sukhoom A & Nunkaew T 2017. The use of
potential probiotic Lactobacillus plantarum
DW12 for producing a novel functional beverage
from mature coconut water. Journal of functional
foods. 32: 401-408.

Kuria MW, Matofari JW & Nduko JM 2021.
Physicochemical, antioxidant, and sensory
properties of functional mango (Mangifera indica
L.) leather fermented by lactic acid bacteria.
Journal of agriculture and food research. 6:
100206.

Lim TW, et al. 2022. Studies on the storage
stability of betacyanins from fermented red
dragon fruit (Hylocereus polyrhizus) drink
imparted by xanthan gum and carboxymethyl
cellulose. Food chemistry. 393: 133404.

Naeem MM, et al. 2017. The nutritional
composition of fruit jams in the Malaysian
market. Journal of the Saudi Society of
Agricultural Sciences. 16 (1): 89-96.

Nagar V & Rastogi M 2022. Preparation and
Nutritional Quality Evaluation of Fruit Peel
Candies. Journal for research in applied
sciences and biotechnology. 1 (3): 57-64.

National Institute of Health 2021. Vitamin B12
Fact Sheet for Consumers,
https://ods.od.nih.gov/pdf/factsheets/vitaminb12-
consumer.pdf.

Obadina A, Akinola O, Shittu T & Bakare H
2013. Effect of natural fermentation on the
chemical and nutritional composition of
fermented soymilk nono. Nigerian food journal.
31 (2): 91-97.

Ogodo AC, Ugbogu OC, Onyeagbha RA &
Okereke HC 2017. Effect of lactic acid bacteria
consortium fermentation on the proximate
composition  and  in-vitro  starch/protein
digestibility of maize (Zea mays) flour.
American journal of microbiology and
biotechnology. 4 (4): 35-43.

Ozabor P, Ojokoh A, Wahab A & Aramide O
2020. Effect of fermentation on the proximate
and antinutrient composition of banana peels.

CCBY-NC3.0

153


http://dx.doi.org/10.18502/jnfs.v10i1.17766
https://jnfs.ssu.ac.ir/article-1-925-en.html

; Lactiplantibacillus plantarum 20174 and vitamin B12.

[ Downloaded from jnfs.ssu.ac.ir on 2025-02-25 ]

[ DOI: 10.18502/jnfs.v10i1.17766 ]

International journal of biotechnology. 9 (2):
105-117.

Panchal J, Gaikwad R, Dhemre J & Chavan U
2018. Studies on preparation and storage of jelly
from dragon fruit (Hylocereus undatus). Journal
of pharmacognosy and phytochemistry. 7 (4):
2648-2655.

Pawar S, More D, Shelke K & Kale P 2023.
Effects of blanching and drying on nutritional,
mineral and colour properties of Tarota (Cassia
tora). Pharma innovation journal. 12 (1): 356-
360.

Prazdnova EV, et al. 2022. Antimutagenic
activity as a criterion of potential probiotic
properties.  Probiotics and  antimicrobial
proteins. 14: 1094-1109.

Rana M, Yeasmin F, Khan M & Riad M 2021.
Evaluation of quality characteristics and storage
stability of mixed fruit jam. Food research. 5 (1):
225-231.

Rehman MA, Asi MR, Hameed A & Bourquin
LD 2020. Effect of Postharvest application of
aloe vera gel on shelf life, activities of anti-
oxidative enzymes, and quality of ‘Gola’guava
fruit. Foods. 9 (10): 1361.

Sarungallo Z, Roreng M & Santoso B 2019.
Chemical properties, carotenoid, tocopherol and
fatty acid composition of three clones of red fruit
(Pandanus conoideus Lam.) oil of different
ripening stages. International food research
journal. 26 (2): 649-655.

Septembre-Malaterre A, Remize F & Poucheret
P 2018. Fruits and vegetables, as a source of
nutritional compounds and phytochemicals:
Changes in bioactive compounds during lactic
fermentation. Food research international. 104:
86-99.

Shamsudin R, Zulkifli N & Zaman AK 2020.

Quality attributes of fresh pineapple-mango juice
blend during storage. International food research
journal. 27 (1): 141-149.

Singhal P, Satya S & Naik S 2021. Fermented
bamboo shoots: A complete nutritional, anti-
nutritional and antioxidant profile of the
sustainable and functional food to food security.
Food chemistry: Molecular sciences. 3: 100041.

Sobczynska-Malefora A, Delvin E, McCaddon
A, Ahmadi KR & Harrington DJ 2021.
Vitamin B12 status in health and disease: a
critical review. Diagnosis of deficiency and
insufficiency—clinical and laboratory pitfalls.
Critical reviews in clinical laboratory sciences.
58 (6): 399-429.

Song G, et al. 2021. Improving the quality of
Suancai by inoculating with Lactobacillus
plantarum and Pediococcus pentosaceus. Food
research international. 148: 110581.

Tuolienuo C & Galyuoni B 2022. Proximate
Composition And Sensory Evaluation Of Jam
Produced From Pineapple And Pumpkin Pulp
Blends. Natural volatiles & essential oils
journal. 9 (2): 735-744.

Xie C, et al. 2019. Co-fermentation of
Propionibacterium freudenreichii and
Lactobacillus brevis in Wheat Bran for in situ
Production of Vitamin B12. Frontiers in
microbiology. 10: 1541.

Yahn GB, Abato JE & Jadavji NM 2021. Role
of vitamin B12 deficiency in ischemic stroke risk
and outcome. Neural regeneration research. 16
(3): 470.

Zhang Y, et al. 2023. Evaluation of Sensory and
Physicochemical Characteristics of Vitamin B12
Enriched Whole-Meal  Sourdough  Bread
Fermented with Propionibacterium
freudenreichii. Sustainability. 15 (10): 8157.

154

CCBY-NC3.0


http://dx.doi.org/10.18502/jnfs.v10i1.17766
https://jnfs.ssu.ac.ir/article-1-925-en.html
http://www.tcpdf.org

