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Abstract

Probiotics are known to human kind since ages as they are important component in fermented milk products, however the
use of probiotics in non-dairy product is a novel method for the delivery of probiotics. Delivery of probiotics through non-
dairy products will be beneficial for consumers who are lactose intolerant who are deprived of benefits of probiotics by
dairy products. This studies aim at developing novel vegetable juices containing probiotic bacteria. Three different strains
of bacteria have been used, i.e. Lactobacillus plantarum, Lactobacillus acidophilus, Lactobacillus delbrueckii in carrot,
beetroot and tomato juice. The viability of the bacteria has been checked after a specific duration of time of fermentation by
Koch’s plate count method. The vegetable used for juices (carrot, beetroot, tomato) consist of high amount of antioxidants
like carotenoids in carrot, betaxanthins and betacyanins in beetroot, lycopene in tomato. These antioxidant provide numer-
ous health benefits to human body. The antioxidant activity in the juices has been checked before and after fermentation
by HPLC and spectroscopic methods. The three bacterial strains Lactobacillus plantarum, Lactobacillus acidophilus and
Lactobacillus delbrueckii used in three types of juices including tomato juice, carrot juice and beetroot juice showed good
growth except Lactobacillus acidophilus due to reasons like insufficient nutrients. The amount of sugars and acids of the
three juices indicated that the fermentation process takes place at a good and satisfying rate. This product will be especially
useful for the people who are lactose intolerant who cannot intake probiotics via milk and milk products. Vegetable juices
also have almost zero fat content and high in fiber so the people who are on a fat free diet can consume this product.

Keywords Probiotics - Non-dairy beverages - Antioxidants - Micronutrients

Introduction

Probiotics can be defined as the live microorganisms which
when consumed in adequate amount give various health ben-
efits to the host (Butel 2013).

Dairy products such as yogurt, fermented sour milk and
cheese are the pioneers in probiotic dairy products. The
delivery of probiotics through dairy products helps them
in tolerating harsh gastro intestinal conditions (Randheera
et al. 2017). Some probiotic species like L. gallinarum PL53,
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L. paracasei PL120 and L. gallinarum PL149 have shown
anti-campylobacter activity in vitro, while L. gallinarum
PL149 showed good activity after adjusting to pH and good
tolerance to bile salt compared to other isolates (Khan et al.
2020a). Apart from humans, probiotics are used in animals
as well to increase the yield of animal products P. acidilac-
tici strain isolated from Nilli Ravi buffalo ruminal gut can
be used as animal probiotic (Khan et al. 2020b). Probiotics
are isolated from various medium like Poultry dropping, fer-
mented foods (yogurt and pickles) and human faeces (Khan
et al. 2020).

Dairy products are not always fit for probiotic intake as
many people are intolerant to lactose. To overcome this
issue researches are being undertaken to provide probiot-
ics through non-dairy mediums. One of the mediums is via
vegetable and fruit juices. B. animalis subsp. lactis Bb12
encapsulated in a milk protein matrix are good in maintain-
ing sensory properties in pineapple juice and pineapple juice
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is well suited for their viability (Horackova et al. 2018). L.
paracasei NFBC43338 is pressure as well as acid tolerant
strain when used in orange and pineapple juice (Sheehan
et al. 2007). Most often the fruits and vegetables are affected
with post-harvest diseases which might leave fruits unfit
for consumption. Soft rot affects Peaches. CH-Fe,O; nano
particles are effective in inhibiting soft rot in Peaches. 1%
CH-Fe,0; prevents fungal growth and stops respiration due
to chitosan surface layer which results into reduced weight
loss of fruit (Saqib et al. 2020). The CH-Fe,O; nanoparticles
are also effective against phytopathogen (Rhizopus oryzea),
they restrained the fungal growth and spore formation with
increase in chitosan concentration from 0.25 to 1% (Saqib
et al. 2020). Nanoparticles such as CH-Fe,O; are found
effective in controlling pre and post-harvest diseases which
can facilitate to prevent the fruit from losses. Antioxidants
assist in quenching all of the body's inevitably free radicals,
thereby improving health by lowering the risk of various dis-
eases such as cancer and also helps in treating acute central
nervous system injury (Hamid et al. 2010). Beetroots are one
of the rich sources of antioxidants, one beetroot juice shot
(70 ml) was found to contain high Total Antioxidant Capac-
ity (TAC) (697.9 +1.6 pmol/70 ml) and Total Polyphenol
(TP) content (68.4 + 0.3 mg GAE/70 ml) (Wootton-Beard
and Ryan 2011). Noni (Morinda citrifolia) juice fermented
with B. longum exhibited a higher antioxidant capacity than
unfermented juice (Wang et al. 2009). The fermented pome-
granate juice exhibited an increased antioxidant capacity
(Mousavi et al. 2013). Some researchers have also stated
that L. acidophilus increased juice antioxidant activity more
than L. plantarum (Fernandes Pereira and Rodrigues 2018).
Apart from being rich in antioxidant lycopene tomato is an
ideal model plant for studying climacteric fruit ripening.
Overexpression of Solanum melongena COP1 (SmCOP1) in
tomato delays fruit ripening by three to six days compared
to wild type fruits (Naeem et al. 2019). Graphene oxide can
increase tomato yield when used in correct concentration.
It advances morphological development and biomass accu-
mulation in the roots and shoots/stems of tomato seedlings
and mature plants by upregulating the genes related to root
development and auxin content (Guo et al. 2021). Carrot
juice is high carotenoids. Carrot juice fermented with three
Bifidobacterium strains (B. lactis Bb-12, B. bifidum B7.1 and
B3.2) showed biochemical activities without nutrient sup-
plementation; the strains produced excellent amount of lactic
acid (15-17 mg/ml); however; during fermentation, 15-45%
of carotenoids (a-carotene and f-carotene) were degraded
depending on the strain used (Kun et al. 2008).
Lactobacillus plantarum, L. acidophilus, L. delbrueckii
belong to the family of gram-positive bacteria. L. plantarum
has the ability to survive gastric transit and colonize the
gut and is safe to the consumer (de Vries et al. 2006). They
also show high tolerance to industrial conditions and have
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capacity to survive at extended shelf life at refrigerated
temperatures. In addition, L. plantarum show growth abil-
ity in the presence of preservatives used in food industries
e.g., NaCl (Georgieva et al. 2009). A potential probiotic
bacterium Lactobacillus plantarum PHO04 has cholesterol-
lowering effects (Nguyen et al. 2007). L. acidophilus has
been isolated from meat, milk, fruits, vegetables and cereal
products as it is a natural contaminant. It also possesses
various antimicrobial compounds (Anjum et al. 2014). L.
acidophilus 1 strain isolated from different sources of honey
demonstrated antibacterial properties and are stable at low
pH (3 and 5) and high temperature (90 and 121 °C) (Aween
et al. 2012). The lactic acid bacteria L. casei, L. plantarum,
and L. delbrueckii synthesize cells and produce lactic acid
without nutrients in cabbage juice. L. casei, L. plantarum,
and L. delbrueckii survive at low high acidic conditions in
fermented cabbage juice during cold storage at 4 °C (Yoon
et al. 2006).

Thus probiotics are essential for enhancing the shelf life
and quality of the fruit juices. Therefore, it is necessary to
evaluate the viability, antioxidant potential and chemical
compounds for lactose intolerant consumers.

This study aims at developing novel vegetable juices
containing probiotic bacteria. Three different strains of
bacteria have been used, i.e. Lactobacillus plantarum, Lac-
tobacillus acidophilus, Lactobacillus delbrueckii in carrot,
beetroot and tomato juice. The viability of the bacteria has
been checked after a specific duration of time of fermen-
tation by Koch’s plate count method. The vegetable used
for juices (carrot, beetroot, tomato) consist of high amount
of antioxidants like carotenoids in carrot, betaxanthins and
betacyanins in beetroot, lycopene in tomato. These antioxi-
dants provide numerous health benefits to human body. The
antioxidant activity in the juices has been checked before
and after fermentation by HPLC and spectroscopic methods.
This product will be especially useful for the people who are
lactose intolerant and who cannot intake probiotics via milk
and milk products. Vegetable juices also have almost zero
fat content and are high in fiber so the people who are on a
fat-free diet can consume this product.

Materials and methods
Materials

Lactobacillus plantarum (Poznan University of Life Sci-
ences, Department of Fermentation and Biosynthesis),
Lactobacillus acidophilus (Poznan University of Life
Sciences, Department of Fermentation and Biosynthe-
sis), Lactobacillus delbrueckii (Poznan University of Life
Sciences, Department of Fermentation and Biosynthesis),
MRS broth (BTL, Poland), MRS agar (BTL, Poland),
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0.85% sodium chloride (POCh, Poland), 1% metaphos-
phoric acid 5% ditiotreithol, Acetone, Acetone for HPLC,
ABTS, potassium persulphate, methanol, Trolox.

Preparation of MRS broth and inoculum

100 ml of MRS broth was prepared for inoculation of
bacteria. 5.12 g was taken in a bottle and filled up to the
volume 100 ml; 10 ml was taken in tubes and autoclaved
at 121 °C for 15 min. After sterilization it was cooled.
Strains of Lactobacillus plantarum, Lactobacillus acido-
philus, Lactobacillus delbrueckii have been taken from
freezer and added to the MRS broth medium. The above
strain was incubated at 30 °C for 24 h and 37 °C for 48 h,
respectively. The inoculum was centrifuged at 1188xg for
10 min, The excess broth was discarded and the bacte-
rial culture were washed with 0.85% NaCl, 5 ml of 0.85%
NaCl has been added to the culture and mixed, The bacte-
rial culture was ready to be used in the vegetale juices.

Preparation of juices

Three types of juices were used in this experiment: tomato
juice, beetroot juice and carrot juice. Tomato juice was
readily brought from the market which was already steri-
lised. Beetroot and carrot have been peeled and juices have
been prepared in the laboratory using juicer. The latter two
juices were taken in a volume of 200 ml in glass bottles.
Beetroot juice has been pasteurized at 80 °C for 10 min,
whereas carrot juice has been pasteurized at 70 °C for
10 min (one of the reasons for the decrease in the amount
of vitamin C could be the fact that pasteurization at 80 °C
causes decline in the amount of vitamin C content). 200 ml
of tomato juice from the package was transferred into ster-
ile glass bottles under sterile conditions. Samples of fresh
juices have been taken for antioxidant analysis.

Incubation of juices

Each type of juice had three replication of 200 ml in glass
bottles for three strains of bacteria Lactobacillus plan-
tarum, Lactobacillus acidophilus, Lactobacillus del-
brueckii. 5 ml of inoculum of all the strains from saline
solution was added to each type of juice sample. Samples
with Lactobacillus plantarum were incubated for 24 h and
48 h at 30 °C whereas samples with Lactobacillus aci-
dophilus and Lactobacillus delbrueckii were incubated at
37 °C for 24 h and 48 h. Juice samples were taken after
24 h and 48 h for bacterial count and chemical analysis of
antioxidants.

Koch’s method for total viable bacterial cells
counting for juices

The juice samples which were taken after incubation have
been serial diluted in 0.85% NaCl solution in 1:9 ratio.
The saline solution were taken in tubes and sterilised
before use. All the equipment like pipette, tubes which
were used for experiments were sterilised. MRS agar has
been weighed and prepared in 500 ml bottle in 70% of the
total volume of the bottle. MRS agar has been sterilised
for 15 min and was left for cooling. Petri plates have been
named according to the samples. After serial dilution 1 ml
of sample has been poured on the plate using pipette and
MRS agar has been added. The plates were left to cool for
some time then they were incubated for 48 h. Lactobacil-
lus plantarum has been incubated at 30 °C while Lactoba-
cillus acidophilus and Lactobacillus delbrueckii have been
incubated at 37 °C for 48 h. After 48 h the colony forming
unit has been calculated. The entire experiment has been
carried out in a completely sterile condition.

Preparation of HPLC samples for vitamin C

10 ml of sample has been taken in the tubes (three rep-
lications) and 25 ml 1% metaphosphoric acid has been
added to it. The sample has been homogenized for 1 min;
after homogenization it has been centrifuged for 15 min
at 1545xg. The extract has been transferred to 50 ml volu-
metric flask and made up to the volume by 1% metaphos-
phoric acid. 5 ml of the prepared extract has been trans-
ferred to 10 ml volumetric flask, 5% 1 ml dithiothreitol
has been added and made up the volume by 1% metaphos-
phoric acid. The prepared sample has been filled in the
HPLC vials using filter (Kurilich et al. 2002).

Preparation of HPLC samples for carotenoids
and lycopene

10 g of sample has been weighed into a centrifuge tube
(three replications). 20 ml of acetone has been added
to each of the three tubes and homogenized for 5 min.
After homogenization it has been centrifuged for 15 min
at 1545xg. The supernatant has been filtered through a
filter paper using buchner funnel and transferred into the
round bottom flask and evaporated. After the evapora-
tion the extract was obtained using acetone for HPLC.
The extract has been quantitatively transferred to 10 ml
volumetric flask and made up to the volume by acetone
for HPLC. The extract has been filtered by 0.45 ym PTFE
filter and filled in HPLC vials (de S4 and Rodriguez-
Amaya 2004).
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Determination of changes in the content
of metabolites and sugars using high-performance
liquid chromatography (HPLC)

Preparation of the samples for analysis

The juice samples to measure the metabolites were diluted
10 times while the vegetable juice samples which were
brought directly from the market were diluted 20 times. The
samples were filtered using 0. 45 pm diameter filters (Mil-
lipore, USA).

Parameters of the liquid chromatograph

eluent: 0.005 M H,SO,,

column temperature: 50 °C,

flow: 0.5 ml/min,

Phenomenex USA column for acid and sugar analysis—
Rezex Polymer Based Column.

Analysis of antioxidant activity

ABTS solution has been prepared by dissolving ABTS
in water to a 7-Mm concentration. ABTS radical cation
has been prepared by reacting ABTS stock solution with
2.45 Mm potassium persulfate. The mixture has been
allowed to stand in a dark room for 12—-16 h (Re et al. 1999).
Trolox mixture was prepared by 1 mg/ml concentration in
methanol. Different dilutions of 100 pg, 150 pg, 200 pg,
250 pg, 300 pg and 400 pg of Trolox mixture were prepared.
ABTS was diluted with methanol by 1:40 ratio. Initially the
absorbance of ABTS was measured to be in the range of 0.7.
Samples have been prepared from each dilution by taking
3 ml of ABTS in tubes and adding 30 ul of each dilution of
Trolox. The samples have been allowed to stand in the dark
for 6 min. Absorbance has been measured immediately at
734 nm.

1 N HCl has been prepared to extract antioxidants in beet-
root juice. 1 N HCI has been added to the juice samples
to acidify to pH 3.0 and was left at 4 °C overnight. The
weight of the samples was measured before addition. The
samples have been centrifuged at 12000xg for 20 min at
4 °C. 3 ml of ABTS solution has been taken in a tube and
30 ul of supernatant from the extracted beetroot juice has
been added to the tube. The solution has been allowed to
stand in the dark for 6 min. Absorbance has been measured
immediately at 480 and 535 nm for betaxanthins and beta-
cyanin, respectively.

For measuring the antioxidant capacity of tomato and
carrot juice samples of tomato and carrot juice have been
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weighed and have been centrifuged at 1188xg. for 15 min.
At first ABTS analysis has been carried out without extrac-
tion by taking 3 ml of ABTS solution in a tube and adding
30 ul of supernatant from each sample. Absorbance has
been measured at 734 nm. For extraction 70% methanol
has been prepared. Juice samples have been centrifuged
and supernatant from the carrot juice has been discarded
only the pellet was retained while tomato juice samples
were used as it is. Samples have been prepared my adding
70% methanol twice the amount of the juice sample w/v
and have been left for overnight extraction for 12 h on roll-
ing shaker. ABTS analysis has been carried out by taking
3 ml of ABTS and adding 30 pl of juice sample and were
kept in dark for 6 min. Absorbance has been measured at
734 nm immediately.

Results and discussion

Analysis of bacteria growth during juices
fermentation and storage in 4 °C

From Fig. 1 it can be seen that the bacterial growth is
quite high after 24 h in carrot juice compared to other two
juices. However bacterial growth decreases in carrot juice
after 24 h while it increases in tomato and beetroot juices.
As observed by Panghal et al. (2017) the decrease in the
amount of lactic acid bacteria is mainly due to the decrease
in the amount of sugar level, as sugar level decreases due
to fermentation. Table 1 represents the colony-forming
unit of Lactobacillus plantarum and Lactobacillus del-
brueckii, respectively, in three types of juices including
tomato juice, carrot juice and beetroot juice. The results
for Lactobacillus acidophilus could not be obtained as
bacterial growth could not be observed on the culture
plates. Figure 1 represents the growth of Lactobacillus
delbrueckii in tomato, carrot and beetroot juices at the
start of fermentation, 24 h, 48 h and storage at 4 °C. As
it is observed in tomato juice the bacterial growth gradu-
ally increases after 24 h and is quite constant even after
refrigeration at 4 °C so it can be said that tomato juice
is optimum for lactic acid fermentation of Lactobacillus
delbrueckii. Similar to tomato juice beetroot juice also
showed considerable amount of growth though after 48 h
it decreased as in beetroot juice the sugar levels decreased
which didn’t provide appropriate environment for lactic
acid fermentation. In carrot juice the amount of bacteria
increased and was stable up to 48 h however it decreased
due to contamination of juice.
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Table 1 Changes in the amount of Lactobacillus plantarum and Lactobacillus delbrueckii during fermentation and storage: carrot, beetroot and

tomato juice

Time (h) Carrot L.plantarum Carrot L.delbrueckii Beetroot Beetroot Tomato L.plantarum Tomato
Log, cfu/ml Log,, cfu/ml L.plantarum Log,,  L.delbrueckii Log;, Log;, cfu/ml L.delbrueckii
cfu/ml cfu/ml Log,, cfu/ml
0 7 5 7 5 7.00 5
24 9.76 8.14 8.82 8.4 9.17 8.49
48 9.27 8.19 9.04 8.09 9.23 8.46
4°C 9.09 0 8.04 6.54 8.52 8.12

Comparison of different bacterial strains in juices

Figure 1 shows the activity of different strains of bacte-
ria in carrot juice and it can be seen that the strain of L.
plantarum has a steady growth till 24 h and it declines
after 48 h and is stable at 4 °C, while L. delbreuckii shows
a good growth up to 48 h. The decrease in the amount
of L. delbreuckii at 4 °C can be due to contamination of
the juice. Overall, on comparing both the bacterial strains
it can be said that both the strains are suitable for fer-
mentation of carrot juice if there is no contamination.
From Fig. 1 and Table 1 it can be seen that L. plantarum
shows positive growth up to 48 h, whereas L. delbreuckii
showed good growth only up to 24 h and decreased after
48 h which says that for beetroot juice L. plantarum is
more suitable for fermentation of beetroot juice than L.
delbreuckii. Both the juices show decline after cold stor-
age so similar to tomato juice, beetroot juice also cannot
be stored for long at 4 °C to maintain the viability of the
bacteria.

Analysis of bioactive components in juices

Figure 2 describes the carotenoid amount in carrot juice as
it is seen the amount of p—carotene is highest in fresh car-
rot juice as it is without treatment; however, the amount
decreases to half. The important reason for the loss could be
because of the high temperature of pasteurization. Because
the juice containing L. acidophilus and L. delbrueckii pas-
teurized at 70 °C shows stable activity compared to L. plan-
tarum. So the optimum temperature for pasteurization of
carrot juice is 70 °C.

On the other hand, lutein and o—carotene show decrease
in the amount after 24 h and 48 h, whereas the juice con-
taining L. delbrueckii show an increase in the amount of
a—carotene after 48 h also juice with L. delbrueckii and L.
acidophilus show stable activity of carotenoids. This shows
that L. delbrueckii and L. acidophilus can be used as probiot-
ics strains in carrot juice.

On comparing the vitamin C amount in carrot juice,
it has been observed that in Lactobacillus plantarum the
amount of vitamin C is gradually decreased after 24 h of
fermentation whereas after 24 h it is stable. The carrot
juice with Lactobacillus plantarum was pasteurized at
80 °C, so one of the reasons for the decrease in the amount
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Fig.2 Comparison of carot- 0.4
enoids activity in carrot juice
during 48 h fermentation (1. 0.35
Fresh juice 2. Juice fermented 0.3
with Lactobacillus plantarum
for 24 h 3. Juice fermented o0 0.25
with Lactobacillus plantarum S 0.2
for 48 h 4. Fresh Juice 5. Juice < T
fermented with Lactobacillus %0 0.15
acidophillus for 24 h 6. Juice 0.1
fermented with Lactobacillus ' I - & L I
acidophillus for 48 h 7. Fresh 0.05 L - =
juice 8. Juice fermented with 0 ] ] ®T m a - - - -
Lactobacillus delbreuckii for
24 h, 9. Fresh juice 8. Juice -0.05 Q},?' X X Q/\,-v <= = > > >
fermented with Lactobacillus v (Y N <S¢ " < & " <
. S v ™ 3 v ™ N V e
delbreuckii for 48 h) BN R & x S L N > >
& N S @ i @ & <& <&
& & & & & S R S &
& & & N < &
@ <@ <@ ® <@ <@
Juices
M Lutein M carotene o carotene
Vitamin C
12
10
8
oo
o
S
g 6
oo
€
4
2
0
Fresh  Fermented Fermented Fresh juice Fermented Fermented Fresh Juice Fermented Fermented
juiceL.P. 24 hLP. 48hL.P. LA 24hLA. 48hL.A. L.D. 24hL.D. 48hL.D.
Juices

Fig. 3 Comparison of Vitamin C in carrot juice during 48 h fermen-
tation with different strains of lactic acid bacteria (1. Fresh juice 2.
Juice fermented with Lactobacillus plantarum for 24 h 3. Juice fer-
mented with Lactobacillus plantarum for 48 h 4. Fresh Juice 5. Juice

of vitamin C could be the fact that pasteurization at high
temperature causes decline in the amount of vitamin C
content (Figs. 3 and 4).

The juice containing Lactobacillus acidophilus shows
increase in the amount of vitamin C in carrot juice after
48 h compared to fresh juice. This is an indication that Lac-
tobacillus acidophilus is the appropriate lactic acid bacteria
for fermentation of carrot juice. On the other hand, juices
containing Lactobacillus delbrueckii showed a good amount
of increase in juice after 24 h but the amount decreased after
48 h. Another reason for the decrease in the amount of vita-
min C could be that vitamin C is a water-soluble vitamin and
water-soluble vitamin tend to degrade over a period of time
if kept in a water medium like juices.
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fermented with Lactobacillus acidophillus for 24 h 6. Juice fermented
with Lactobacillus acidophillus for 48 h 7. Fresh juice 8. Juice fer-
mented with Lactobacillus delbreuckii for 24 h 9. Fresh juice 8. Juice
fermented with Lactobacillus delbreuckii for 48 h)

Overall it can be said that Lactobacillus acidophilus gives
the best results for fermentation of juice containing vita-
min C and also Lactobacillus delbrueckii if it is fermented
only up to 24 h. If we consider Lactobacillus plantarum the
amount of vitamin C is stable after 24 h of fermentation i. e.
if we pasteurize the juice at a lower temperature like 70 °C
like the other two juices it shall give good results as well.

Vitamin C is the major water-soluble antioxidant and
acts as a radical scavenger. The intake of fresh vegetables,
containing vitamin C along with many other vitamins and
micronutrients, can reduce incidence of various cancers
(Chambial et al. 2013).Vitamin C increases the absorption
of iron, boost the immune system, and participates in many
physiological functions. Vitamin C as well as B vitamins can
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Fig.4 Comparison of the most abundantly found components lutein
and lycopene in tomato juice during 48 h fermentation with different
strains of lactic acid bacteria (1. Fresh tomato juice to be fermented
with Lactobacillus acidophillus 2. Tomato juice fermented with Lac-
tobacillus acidophillus for 24 h 3. Tomato juice fermented with Lac-

tobacillus acidophillus for 48 h 4. Fresh tomato juice to be fermented
with Lactobacillus delbreuckii 5. Tomato juice fermented with Lacto-
bacillus delbreuckii for 24 h 6. Tomato juice fermented with Lactoba-
cillus delbreuckii for 48 h

Table 2 The changes in the

- Types of juices Lutein+SD (mg/100 g)  B-Carotene +SD a-Carotene + SD Vitamin C

amoupt of .carotenmvds‘ and ‘ (mg/100 g) (mg/100 g) (mg/100 g)

vitamin C in carrot juice during

48 h fermentation (mg/100 g) Fresh juice L.p 0.022+0.003 0.329+0.016 0.164+0.009 9.67
Fermented 24 h L.p 0.022£0.004 0.149+£0.022 0.09+0.008 59
Fermented 48 h L.p 0.015+0 0.005 +0.009 0.08 +0.005 5.64
Fresh juice L.a 0.016+0 0.188 £0.008 0.09+0.006 8.74
Fermented 24 h L.a 0.018+0 0.17+£0.008 0.08+£0.012 9.16
Fermented 48 h L.a 0.012+£0.001 0.167+0.026 0.081+£0.011 10.11
Fresh Juice L.d 0.009+£0.001 0.142+£0.006 0.047+0.011 6.19
Fermented 24 h L.d 0.005+0.001 0.104 £0.007 0.044 £0.005 6.58
Fermented 48 h L.d 0.004 £0.001 0.128 +£0.008 0.052+£0.002 5.79

be easily leached or destroyed during cooking and food pro-
cessing. Therefore, the introduction of fermented, non heat-
treated products in a diet can have substantial advantages.
Such fermented products are a valuable source of vitamin
C, in which its strongly acidic medium protects the products
from oxidation. Content of vitamin C in various foods is
relatively high (10-100 mg/100 g), and in some cases, it
reaches units of grams per 100 g. This is possibly related
to the fact that vitamin C is formed from sugars, which are
common compounds in different organisms. Pefias et al.
(2010) state that the content of vitamin C in fermented cab-
bage (sauerkraut) is even higher than in most fresh vegeta-
bles (Korus et al. 2021). Vitamin C has antioxidant activity,
and the content of vitamin C at the end of fermentation is
equivalent to twice that of the original juice. After fermenta-
tion, the antioxidant activity of the juice increases as it has
been reported in fermented apple juice (Li et al. 2021).

Table3 Comparison of lutein and lycopene in tomato juice during
48 h fermentation

Types of juices Lutein+SD (mg/100 g)  Lyco-

pene +SD

(mg/100 g)
Fresh tomato juice L. a  0.030+0.004 2.292+0.345
Tomato24h L. a 0.061+0.022 1.979+0.188
Tomato 48 h L. a 0.031+0.005 1.456 +0.009
Fresh tomato L. d 0.061+0.002 1.578 £0.035
Tomato 24 h L. d 0.061+0.004 1.446 +0.003
Tomato 48 h L. d 0.049+0.020 1.470+0.089

In tomato juice only the juice containing Lactobacillus
acidophilus and Lactobacillus delbrueckii was observed due
to the lack of amount of sample of Lactobacillus plantarum
it cannot be tested (Tables 2, 3, 4 and 5).

@ Springer



300 Page8of13

Archives of Microbiology (2022) 204:300

Table 4 Contents of sugars

Sugars Celery juice  Beetroot and celery juice Cabbage juice Cucum- Mix vegetable juice
[mg/10ml + SD] ber juice

Maltotriose  36.18+0.004 5.1+0.001 1.02+0 0 43.5+0.001

Fructose 0 2.32+0 0 0 5.96+0.001

Maltose 0 62.66+0.003 17.18+0.001 0.8 204.18 +£0.003

Sucrose 0 0 0 0 5.3+0.001

Glucose 0 39.78 +0.002 0 0 126.98 +0.002
Table 5 Content of acids [mg/ml +SD] in available vegetable juices
Acids Celery juice Beetroot and celery juice Cabbage juice Cucumber juice Mix vegetable juice
Lactic acid 3.42+0.001 0.2+0.001 0 1.42+0.0005 8.08+0.0002
Acetic acid 1.46 £0.001 2.48 +0.0007 3.26£0.001 3+0.002 1.66 +0.0008
Propionic acid 1.42+0.001 2.18+£0.002 1.48+0.001 1.48+£0.001 2.22+0.002
Butyric acid 4.94+0.001 5.4+0.0007 3.32+0.0008 5.78 +£0.0005 4.2+0.0003
Isobutyric acid 1.36£0.001 0 3.3+0.001 1.82+0.0005 1.14+0.0002
Citric acid 0 0 0 0 0.42+0.0003

Tomato is the main source of lycopene among all the
other fruits and vegetables. Fermentation does affect the
amount of lycopene in the juices. As it is seen tomato juice
fermented with lactic acid bacteria Lactobacillus acidophi-
lus and Lactobacillus delbrueckii, the amount of lycopene is
decreased after a period of fermentation. The fermentation
is carried out between the temperature range 36—37 °C and
lycopene is proven to be inhibited at the temperatures above
32 °C. However, comparatively the juice containing Lacto-
bacillus delbrueckii showed better stability of lycopene than
Lactobacillus acidophilus.

Lutein is the second most commonly found component
in tomato juice; however, the quantity of lutein is very less
as compared to lycopene. Lutein showed a varied activity
in both the types of juices. It is observed that the amount
of lutein increased after 24 h in both the juices and later
decreased after 48 h.

Analysis of sugars and acids in juices

If all the above juices are taken into consideration it can be
seen that only juice containing beetroot and mixd vegetable
juice contain sugars. Other juices do not show any traces
of sugar content but only acids. According to Priecina and
Karklina (2015) the acids present in the vegetable juices
play a very important role when it comes to processing of
the juices. These acids reduce the processing time of the
vegetable and vegetable-based products. They also play a
vital role in inhibiting the growth of sprouts that can survive
temperature based treatments. The presence of acids in vege-
table decreases the sterilization time as microorganisms have
lower heat resistance at high acidity. Acids in combination

@ Springer

with sugars have a higher potential during food processing
and sterility.

On comparing the metabolite activity in tomato juice it
was observed that the major change was in the content of
glucose. In fresh tomato juice the amount of glucose was
considerably high but after fermentation with lactic acid
bacteria the amount was gradually decreased, whereas
the amount of lactic acid showed an increase. According
to El-Sayed et al. (2018) bacterial growth and organic acid
production result in the changes in reducing sugars. These
changes occur during 30 h and 48 h of fermentation. The
selected strains of L. acidophilus use the sugars like fructose
and glucose as a carbon source for acid production due to
this reason a significant decrease in the amount of sugars is
observed (Tables 6 and 7).

The results for metabolite activity in carrot juice show
that fresh carrot juice and pasteurized carrot juice show lit-
tle amount of lactic acid with fermentation with lactic acid
bacteria or there is a possibility that since citric acid and lac-
tic acid have similar peak values the determination couldn’t
been accurate (Tables 6 and 7). Also it is observed that the
amount of citric acid and lactic acid is depleted after fermen-
tation whereas the amount of sugars increases. According to
Kun et al. (2008) who worked with fermentation of carrot
juice with Bifidobacterium which show that the amount of
sucrose and glucose were utilized by the bacteria as carbon
source for growth while the other sugars did not show any
change. Similarly in juices fermented with L. plantarum, L.
acidophilus and L. delbreuckii it can be seen that the amount
of fructose is decreased while other sugars is increased so it
can be said that fructose is a good source of carbon for these
three strains of bacteria.
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The results for fermented beetroot show similar changes:
the sugar level in the beetroot juice show decline in amount
after fermentation (Tables 6 and 7). According to Panghal
et al. (2017) the strains of Lactobacillus rhamnnosus, Lac-
tobacillus plantarum and Lactobacillus delbreuckii, which
were used to ferment beetroot juice showed a significant
decline in the sugar levels as the sugars were being used as
a carbon source by the bacteria.

Fermentation of the commercial fruits and vegetable
juice promoted considerable changes such as: a decrease in
sugar content, and increase in acidity, total phenols, carbon
dioxide and organic acids (lactic acid, acetic acid, and suc-
cinic acid). The content of reducing sugars declines because
probiotics need sugar metabolism for energy to maintain
their own growth and reproduction during fermentation, and
reducing sugars are continuously consumed as fermentation
substrates.

The antimicrobial effect of juices was mainly related to
production of lactic acid and other organic acids such as
acetic acid, propionic acid, phenyllactic acid, formic acid,
and succinic acid by lactic acid bacteria. The mode of action
of organic acids is the reduction of pH in the environment,
causing inhibition of several microorganisms. Moreover, the
antimicrobial effects of organic acids are associated with
their undissociated form. Kimchi can be recommended for
consumption as a source of dietary fiber, ash, vitamin C
and B, and high amounts of phenolic content. Therefore,
consumption of such products with a substantial amount of

health-promoting compounds can contribute to the improve-
ment of well-being, condition, and overall health (Wang
et al. 2021).

Results for ABTS analysis

Figure S13 gives the information about the antioxidants
amount of betaxanthins and betacyanins in fermented beet-
root juice. According to Panghal et al. (2017) the fermented
beetroot juice showed an increase in the antioxidant amount
by 3% due to microbial hydrolysis reaction which lead to
an increase in phenols and flavonoids. In the figure S13 the
amount of betaxanthin does not show positive results as the
is a decrease in amount after fermentation. We can say that
fermentation is not favorable for this compound. On the
contrary if figure S13 is observed which shows the activity
for betacyanin, the activity is increased after fermentation.
This indicates that fermentation is good for this component.
Also according to Panghal et al. (2017) fermentation results
in the structural disintegration of cell wall which results in
the synthesis of different antioxidants. Antioxidants possess
free radical scavenging capacity and they have good health
benefits, so this probiotic drink is beneficial (Tables 8, 9,
10, 11 and 12).

The figures S14 show the antioxidant activity in carrot
juice before and after extraction a rise in the antioxidant
activity can be seen after fermentation. As discussed ear-
lier, the antioxidant activity increases after fermentation.

Table 8 Antioxidant activity in

.. Types of Juice
beetroot juice

Betaxanthin in beetroot at 480 nm Betacyanin in beet-

(TE mg/100 g+SD) root at 535 nm (TE
mg/100 g +SD)

ABTS 0 0

Fresh beet juice L. plantarum 14.747+0.001 30.41333+0.001
Fermented beet juice L. plantarum 17.213+0.002 26.54667 +0.001
Fresh beet juice L. acidophilus 11.613 +0.001 24.94667 +0.002
Fermented beet juice L. acidophilus 31.88+0.001 19.48 +£0.001
Fresh beet juice L. delbrueckii 31.347+0.002 43.48+0.001
Fermented beet juice L. delbrueckii 35.48+0.003 45.68+0.001

Table 9 Antioxidant activity in

.. Types of Juice
carrot juice

Antioxidant activity without extrac-  Antioxidant activ-

@ Springer

tion (TE mg/100 g+ SD) ity with extraction (TE
mg/100 g +SD)

ABTS 0 0

Fresh carrot juice 33.68 +0.004 12.14667 +0.001
Pasteurized carrot juice 39.08 +0.002 19.61333+0.001
Fermented with L. plantarum 15.14667 +0.001 7.613333+0.001
Fermented with L. acidophilus 8.613333+0 4.88+0

Fermented with L. delbrueckii 0 3.546667 +0.001
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Table 10 Antioxidant activity
in tomato juice before and after
extraction with 70% methanol

Types of Juices

Antioxidant activ-
ity after extraction (TE

Antioxidant activity without extrac-
tion (TE mg/100 g+ SD)

Table 11 Correlation between
carotenoids in carrot juice
detected through HPLC and

ABTS methods (without
extraction and after extraction)

mg/100 g+SD)
ABTS 0 0
Fresh tomato juice 31.74667 £0.003 11.61333+0.001
Fermented with L. plantarum 24.74667 +0.002 9.746667 +0.0005
Fermented with L. acidophilus 23.28+0.002 11.01333 +0.0005
Fermented with L. delbrueckii 19.08 +£0.001 11.81333+0.001
Type of juice Carotenoids ABTS Correlation
co-efficient

Fresh carrot juice 0.515 33.68 0.932189
Fermented with L. plantarum 0.240 15.14667
Fermented with L. acidophilus 0.26 8.613333
Fermented with L. delbrueckii 0.183997 0
After extraction

Fresh carrot juice 0.515 12.14667 0.927793

Fermented with L. plantarum 0.240 7.613333

Fermented with L. acidophilus 0.26 4.88

Fermented with L. delbrueckii 0.183997 3.546667

Table 12 Correlation between total antioxidants in tomato juice
detected through HPLC and ABTS methods (without extraction and
after extraction)

Type of juice Total ABTS Correlation
antioxi- coefficient
dants

Fresh tomato juice 2.35 31.74667 0.864292

Fermented with L. plantarum 2.07 24.74667

Fermented with L. acidophilus ~ 1.55 23.28

After extraction

Fresh tomato juice 2.35 11.61333  0.153396
Fermented with L. plantarum  2.07 9.746667
Fermented with L. acidophilus 1.55 11.01333

However, after pasteurization process the activity decreases,
which might be due to heat processing which affects the
antioxidant activity; however, it increases after fermentation.

The figure S14 show the antioxidant activity in tomato
juice before and after extraction and the results show that the
antioxidant activity is better in the juice without extraction.
There is a loss of antioxidants after extraction process, which
can be due to the chemicals used for extraction which caused
the loss. Because the antioxidant activity in the figure S14
increase after fermentation which is positive.

The advantages of food fermentation are as follows:
renders foods resistant to microbial spoilage and the

development of food toxins makes foods less likely to trans-
fer pathogenic microorganisms, generally preserves foods
between the time of harvest and consumption, modifies
the flavour of the original ingredients and often improves
nutritional value. Many studies have linked consumption of
fruits and vegetables with a reduction of the risk for several
chronic diseases, such as cancer, cardiovascular diseases,
cataracts, or immune dysfunction. These natural protective
effects have been attributed to the antioxidant potential of
several components, such as carotenoids, betalains, vitamins,
polyphenols, and other phytochemicals (Parades et al. 2022).

Conclusions

The three bacterial strains Lactobacillus plantarum, Lac-
tobacillus acidophilus and Lactobacillus delbrueckii used
in three types of juices including tomato juice, carrot juice
and beetroot juice showed good growth except Lactobacil-
lus acidophilus due to reasons like insufficient nutrients and
contamination. Among the other two strains Lactobacillus
plantarum and Lactobacillus delbrueckii, Lactobacillus
plantarum showed consistent positive growth in all the three
types of juices. So the most suitable bacterial strain for fer-
menting vegetable juices was Lactobacillus plantarum.
The amount of carotenoids in carrot juice has decreased
after fermentation which is not positive but they are not
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depleted completely and show satisfying amount. On the other
hand, there is an increase in the amount of vitamin C which
is a good indicator as vitamin C acts as an immunity booster.

The amount of sugars and acids of the three juices indi-
cated that the fermentation process takes place at a good
and satisfying rate. As the consumption of sugars shows
a positive activity in the juices. Similarly for antioxidant
activity, the increase in amount of antioxidant in the juices
shows that along with the benefits provided by the lactic acid
bacteria antioxidant also plays an important role in providing
health benefits.

As an overall conclusion it can be said that like tradi-
tionally used probiotic dairy products, the nondairy prod-
ucts with probiotic properties have tremendous potential of
highly nutritious health drink providing additional health
benefits which cannot be found in some dairy products. This
product can be used by all the groups, especially who are
lactose intolerant.
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