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Abstract Basella rubra fruit juice with a total soluble solids
content of 5 to 9 °Brix was fermented using the wine yeast
Saccharomyces cerevisiae. An 87.5 % of conversion of fer-
mentable sugar was achieved. The TSS (°Brix) reduced from
0.60 “Brix to 0.17 °Brix (71.67 % decrease in TSS) upon
performing fermentation of fruit juice water extract with Sac-
charomyces cerevisiae strain 2. There was 8 folds reduction in
pigment quality as evidenced from fermentation. Besides, the
potential increase of phenolics, thanks to a higher content of
total betalains in general and betacyanins in particular when
fermentation was carried out with S. cerevisiae strain 3. The
DPPH (2, 2 -diphenyl-1-picrylhydrazyl hydrate) free radical
scavenging potential (ICsg) of fermented juice (1.9 mg.ml ")
was significant over control (2.4 mg.ml ") extracts of B. rubra.
The reducing power of fermented extracts was significantly
high compared to control samples. The multiple antioxidant
activity of fermented extract was also evident by significant
reducing power assay when compared to its control samples.

Keywords Betalains - Phenolics - TSS (total soluble solids) -
Reducing power - Hue values

Introduction

Consumer’s preference to natural pigments over synthetic
dyes for various purposes has gained importance in view of
various adverse effects attributed to synthetic dyes rampant
usage. (Downham and Collins 2000). This has created great
attention for their usefulness in food and cosmetic industries.
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Betalains are water soluble nitrogen containing natural pigments,
which comprise red violet betacyanins and yellow betaxanthins
(Lin et al. 2010; Khan et al. 2012). Betalains are good colouring
agents than anthocyanins in acidic and natural food products.
Among the natural pigments, betalains have recently re-gained
interest in food science (Delgado-Vargas et al. 2000; Stintzing
and Carle 2005) in view of their vibrant red-violet shades in food
matrix. As a source of betalains, red beet root powder or juice
concentrates have found a wide commercial use among natural
food colorants (Turker et al. 2001). The beet root pigments,
composed of mainly betanin and vulgaxanthin, give a red to
red violet colour when added to food stuffs. There has been a
growing interest on the stability of these betalain pigments in
terms of pH, temperature and water activity etc. Other than beet
root, recently, the potential of Cactus pear for natural colouring
was demonstrated (Castellar et al. 2003; Stintzing et al. 2005;
MoBhammer et al. 2005), but lack of sustainable production
systems for Cactus pears is a drawback. Hence, alternate and
cheap sources of betalains are a good choice and warranted.
Under this context, B. rubra (Basellaceae) which is native to
India and popularly known as Malabar spinach, a twiner that
bears dark purple berries is a good choice and sporadic reports
indicates the presence of betalains group pigments (Turker et al.
2001). In oriental countries including India and also in some parts
of Africa B. rubra is considered as a leafy vegetable for making
various recipes (Palada and Crossman 1999), and its pharmaceu-
tical principles were investigated (Sonkar et al. 2012). The plant
is used for its medicinal properties in Unani -ancient Indian
medical system (Nayampalli et al. 1982), and in Chinese
traditional medicine to treat constipation, used as a diuretic, a
toxicide an anti-inflammatory (Toshiyuki et al. 2001) and to
enhance fertility in women (Mensah et al. 2008). Recently Lin
et al. (2010) had reported gomphrenins I belongs to betalains
group (36.1 mg.100 g”' FW) from B. alba fruits. The main
advantage of water soluble pigments from fruits is that they get
from the tissue into the juice. Besides pigments, other useful
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water soluble substances are also extracted, which leads to
increase in the total soluble solid content of the juice mainly
due to total soluble solids that hamper pigment quality and
quantity (Khan et al. 2012). Under this context, increasing the
betalains pigment content of the extract is having implications
for their effective use to give desired hue to the food matrix.
One of the approaches has been the fermentation of the juice
with yeast as shown in Cactus spp. (Turker et al. 2001). In this
study, the B. rubra fruits were chosen as a betalains source to
investigate the effects of fermentation on stability of betalains.

Materials and methods
Sample preparation

The ripened fruits (dark violet), from 3 months old B. rubra
twine were collected from green house maintained plants. The
herbarium specimen of this plant was deposited at Herbarium
deposition centre of Department of Botany, University of
Mysore, Mysore (Ref. No0.02-08-05-13). Manually deseeded
fruit pulp of 25 g was extracted with 250 ml of water and
centrifuged at 8000 rpm at 4 °C for 15 min in order to obtain
clear B. rubra fruit juice for fermentation.

Microorganisms

Three different strains of S. cerevisiae (1, 2 and 3) were col-
lected from Food Microbiology Department of this Institute.

Inoculum preparation

Respective strains of S. cerevisiae cells were grown in YPD
broth (Yeast-10 g.I"!, Peptone-20 g.I”*, Dextrose-20 g.I'") at
30 °C overnight in an orbital shaker at 150 rpm and the culture
was centrifuged. The supernatant was discarded and the cell
pellets were suspended in known volume of water, prior to
inoculation (Turker et al. 2001).

Fermentation

The clear fruit juice water extract of B. rubra was equally
divided into 25, 150 ml conical flasks and pre counted
innoculum of S. cerevisiae cells were added (approximately
500 cells.flask ') and incubated at 30 °C, in an orbital shaker
maintained at 150 rpm for 3 h & 6 h. As the pigment is light
sensitive the flasks were rapped with aluminum foil. The data
was collected after 3 h and 6 h incubation (Turker et al. 2001).

Storage of the pigment extract

The fermented juice extract was collected and centrifuged at
12,000 rpm for 10 min to remove the cells grown. Then, the
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clear fermented juice was concentrated in a rotavapor under
pressure 150 mbar at 40 °C, followed by freeze drying at
—110 °C with 0.05 hPa and stored at 4 °C till its further
analysis and kinetic measurements (Turker et al. 2001).

Analysis of fermented fruit juice
Total carbohydrates content

The total carbohydrates in all samples were determined by
using a method of Sadasivam and Manickam (1992). In brief,
100 mg of the sample was weighed into each boiling tube. The
sample was hydrolyzed by boiling with 5 ml of 2.5 N Hydro-
chloric acid for 3 h, cooled to room temperature and neutral-
ized with sodium carbonate. The volume was made up to
10 ml and centrifuged. The supernatant was collected and
0.1 ml aliquots were taken for analysis. Standards were prepared
by pipetting out 0.1 ml to 1 ml of the working standard
(0.1 mgml™" of Glucose). The volume was made up to 1 ml
with distilled water in all the tubes including the sample tubes.
4 ml of anthrone reagent was added and heated for 8 min in
boiling water bath and cooled rapidly. The green color developed
was read at 630 nm. By using the standard graph plotted, the
amount of carbohydrate present in the sample was calculated.

Total soluble solids

Total soluble solids (“Brix) of fermented fruit juice extract
were determined using a digital refractometer RX- 500 (Atago
Co. Ltd, Tokyo, Japan).

Colour measurement

Colour measurement analysis was also carried out by using a
method of Kunnuka and Pranee (2011), by measuring L, a*
and b* values using colour measurement instrument (Master
color data Hunters lab 10*/D 65).

Estimation of total betalains content

The total betalains in the fermented fruit juice extract was
carried out by Spectrophotometric method of Castellanos-
Santiago and Yahia (2008). The absorbance of fruit extract
was measured at 477 nm, 535 nm, 600 nm. Measurements were
made in triplicates. For quantitative analysis, the betalain content
was calculated according to literature (Khan et al. 2012).

BC(mg/g) = [A(DF)(MW)V /e LWd]

Where A is the absorption value at the absorption maxima of
535 nm and 477 nm for betacyanins and betaxanthins, respec-
tively, DF is the dilution factor, V is the solution volume (mL),
Wd is the pulp weight (g), and L is the path length (1 cm) of the
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cuvette. The molecular weight (MW) and the molar extinction
coefficient (¢) of betanin [MW=550 g/mol and 339 g/mol; e=
60000 L/(mol cm) and 48000 L/(mol cm) in/H,O] were applied
in order to quantify the betacyanins and quantitative equivalents
of the major betaxanthins respectively.

Antioxidant activity by 2,2-diphenyl-1-picrylhydrazyl hydrate
(DPPH) Radical Inhibition Assay

The antioxidant activity was determined by the DPPH radical-
scavenging method of Khan et al. (2012). Gallic acid and
ascorbic acid (each of 100 pg.ml™") were taken as standards.
Samples (fermented extract) at 1-5 mg.ml_1 concentration
were taken in different test tubes. The volume of the samples
was made up with distilled water in such a way that the
volume was equal to that of the extract with highest concen-
tration. Accordingly, DPPH was added to make up the total
volume to 2 ml. The contents of the test tubes were thor-
oughly mixed and a reaction time of 15 min was allowed.
The absorbance was measured at 517 nm with methanol
as blank.

From the absorbance, % inhibition or % scavenging activ-
ity is calculated using this formula,

DPPH scavenging activity = (OD control-OD sample)
/OD control * 100

Where, OD control is the absorbance of DPPH solution
against methanol as blank. From the % inhibition to concen-
tration plot, ICs, value for the standards and samples were
estimated. The antioxidant property of the fermented extract
was compared and analyzed using ICs, value.

Reducing power assay

The reducing power assay was determined by the method of
Oyaizu (1986). Fermented extract crude samples (10—
40 mg.ml™") and ascorbic acid (standard) of different concen-
tration ranging from 100 and 500 ug.ml™" dissolved in dis-
tilled water were taken in different test tubes. This was mixed
with 2.5 ml of phosphate buffer (0.2 M, pH 6.6) and 2.5 ml of
potassium ferricyanide [K3Fe(CN)g] (1 % (w/v)) and then the
mixture was incubated for 30 min at 50 °C. Later, 2.5 ml of
10 % trichloroacetic acid (TCA) was added to the mixture,
which was centrifuged at 3000 rpm for 10 min. Finally, 2.5 ml
of the upper layer solution was taken and mixed with 2.5 ml of
distilled water and 0.5 ml of 0.1 % ferric chloride. Absorbance
was measured at 700 nm.

Statistical analysis

Three parallel experiments were carried out for all the analy-
ses. All the results are presented in the form of mean + S.D of

three replicates. Microcal Origin 6.0 software (M/s Microcal
Software, Inc., Northampton, MA, USA) was used to calcu-
late ICs59. One way ANOVA was performed by using
Microsoft Excel program of Windows 7 software. Values with
P<0.05 were considered significant. Error bar (%) is with the
specified values for graphs.

Results and discussion

In this study B. rubra fruits were chosen as betalains source
and for the first time these pigments were partially purified by
fermentation. The B. rubra fruit extract (0.58-0.60 “Brix)
contains 0.172—0.180 % of total carbohydrates and 0.052—
0.094 % of total phenolics on fresh weight basis. Three
different strains of S. cerevisiae were chosen for fermentation.
B. rubra fruit juice containing red-violet betalain pigment was
fermented to decrease the total soluble solids, the aim being to
end up with a higher pigment concentration. The B. rubra fruit
juice prepared for fermentation had 165.34 mg of total pig-
ment content in terms of betalains (Fig. 1). After 3-6 h incu-
bation the change in pigment content was insignificant. Upon
fermentation by using different strains of S. cerevisiae there
was a marginal decrease in total betalains content and it was
9 %, 5 % and 11 % for S. cerevisiae strains 1, 2 and 3
respectively after 3 h fermentation compared to 3 h incubated
control (Fig. 1). Similarly, upon 6 h fermentation with yeast,
there was a reduction in pigment content of 1.6 % and 4.06 %
for strain 1 and 2 respectively. However, there was 6.44 %
increase in pigment content for strain 3 upon 6 h fermentation
compared to 6 h incubated control. During this, 3—-6 h fermen-
tation process overall, the change in total pigment content was
on par with changes in betacyanin and betaxanthin content,
wherein, an increase in betacyanins content was evident from
3 h to 6 h fermentation, and a reverse for betaxanthin content
was noticed for strain 1 and 3. The changes in pigment content
of B. rubra juice was in concomitant with L, a* and b* values
during fermentation by yeast (Figs. 1 and 2).

A glance at Fig. 3 indicates the influence of fermentation
on total soluble solids and carbohydrates consumption during
the fermentations of B. rubra juice. The B. rubra fruit juice
prepared for fermentation had a total soluble content of 0.59
%Brix. Its fermentation pattern followed in terms of total solid
reduction and also carbohydrates reduction. The whole fer-
mentation process was carried out in dark to protect the
pigment from exposure to light. The total soluble solids of
the B. rubra fruit juice was decreased from 0.60 Brix to 0.17
%Brix and it varied with yeast strain used and also fermentation
time (Fig. 3). There was a reduction of 50 %, 62 % and 44 %
in total solids content for S. cerevisiae 1, 2 and 3 respectively
after 3 h fermentation and 54 %, 72 % and 42 % reduction
after 6 h fermentation compared to 3—6 h controls (Fig. 3).
Similarly, 48 %, 71 % and 43 % fall in total carbohydrates was
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evident for S. cerevisiae 1, 2 and 3 respectively (Fig. 4), upon
3 h fermentation compared to 3 h control samples. A similar
trend for 6 h fermented samples was noticed wherein, 67 %,
88 % and 66 % decline in total carbohydrates was evident
when S. cerevisiae 1, 2 and 3 were used respectively com-
pared to 6 h control sample (Fig. 4). A similar fermentation
pattern and sugar conversion was also observed for Cactus
spp. (Turker et al. 2001). The other betalains producing plant
such as Cactus pear pulp contains 0.006 to 0.114 % pigment
(Castellar et al. 2003; Stintzing et al. 2005) wherein,
betaxanthin:betacyanin ratios varying between 0 and 11.7
resulting in different colour shades (Odoux and Dominguez-

Fig. 2 Color intensity (Hunter’s
lab) of B. rubra fermented fruit
extract. Values are mean + S.D of
three replicates and significant at
P<0.05

Intensity

5 !
standard
white

@ Springer

Control

3hstrain 6hstrain 3 hstrain 6hstrain 3 hstrain 6 h strain
1 1 2 2 3 3

Time (h)

6h
Control

Lopez 1996; Butera et al. 2002; Stintzing et al. 2005). In the
present study the total pigment content of B. rubra fruit
extracts upon fermentation was 0.160 to 0.180 % with
betaxanthin:betacyanin ratios varying between 0 and 8
resulting in different colour shades as evident from colour
measuring values. This clearly shows the efficiency of fer-
mentation on pigment stability. As pigment dilution takes
place due to poor tinctorial value, large quantity of pigment
has to be added to obtain desired hue of the product. Normally
pigment rich concentrates contains fermentable carbohy-
drates, proteins, and ash besides pigment (Nemzer et al.
2011). As the market potential of fruit juice based natural
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Fig. 3 Total soluble solids 0.7 -
(°Brix) of B. rubra fermented fruit
extract. Values are mean + S.D of
three replicates and significant at
P<0.05

Total soluble solids ( °Brix)

colours are considered fair due to their acceptable colour,
nutritional constituents, and also for their utilization as a
functional additive in view of antioxidant activity, hence
though B. rubra fruits this dual benefit through food colouring
appears to be more promising for this still not much explored
betalains source.

Due to the broader range of colour shades as demonstrated
through colour measuring values in the present study, and also
due to the absence of any off flavour, B. rubra fruits appears to
be an advantageous alternative to red beet which is the only
commercially exploited betalain source, so far. Moreover,
with a high colouring power at pH 5.0 to neutral pH where
most of the anthocyanin-based preparations fail, B. rubra
concentrates may be suitable for colouring appropriate milk

Fig. 4 Total carbohydrates and 200

total phenolics content in B. rubra
fermented fruit extract. Values are
mean + S.D of three replicates and
significant at P<0.05
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products such as yoghurts, ice creams, and also fruit prepara-
tions. However, studies pertaining to the production of tailor-
made hues may be a further promising feature for industrial
applications.

The free radical scavenging activity of fermented fruit
extract and control samples were determined by the DPPH
assay (Fig. 5) wherein, the DPPH radical is reduced by anti-
oxidant compound to its &, x-diphenyl, 3-picryl hydrazine
derivative which involves discoloration of violet colour that is
measured at 517 nm. DPPH is a nitrogen centered free radical,
mostly used to study the in vitro natural antioxidant activity
with short time. All the extracts were capable of scavenging
the DPPH free radical, which decolourized with the increasing
concentration of fruit juice. The fermented juice (ICsq

B Total Carbohydrates

@ Total Phenolics

3h 6h 3 hstrain6 h strain3 h strain 6 h strain 3 h strain6 h strain

@ Springer



3042

J Food Sci Technol (May 2015) 52(5):3037-3043

Fig. 5 DPPH scavenging activity 3
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1.9 mg.ml ") was significant over control (2.4 mg.ml ') ex-
tracts of B. rubra (Fig. 5). The reason for high activity B. rubra
fruit extract may be due to the presence of partially purified
betalains and higher content of phenolic compounds.
Prathapan et al (2011) reported that phenolic compounds in
plants are used as powerful in vitro antioxidants because of
their ability to donate hydrogen or electron. In this study,
gallic acid and ascorbic acid were used as standard com-
pounds which showed ICs, values of 2.3 pg.ml™' and
4.3 pg.ml ™' respectively.

The reducing power of a compound may serve as an
indicator of its potential antioxidant activity. It is necessary
to determine the reducing power of the fermented fruit extract
and control to elucidate their antioxidant activity. The
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presence of antioxidants in the extract causes a reduction of
the Fe*" to its ferrous form which results in a change of the
yellow colour of the reaction mixture to Prussian blue depend-
ing on the reducing (or electron donating) power of fermented
juice extract. The extent of reduction is explained in terms of
absorbance values at 700 nm for the increasing fermented
juice concentration ranging from 10 to 40 mg.ml'. All the
extracts exhibited increasing reducing activity with increasing
concentration (Fig. 6). In the present study, all the fermented
extracts exhibited higher levels of reducing power compared
to control samples. Increase in concentration of the sample
shows higher absorbance which in turn indicates good reduc-
ing capacity. Thus, the result of fermentation indicates that the
concentration of sugar has reduced by 8 folds. However,

Fig. 6 Reducing power assay of 1.2

B. rubra control and fermented =

fruit extract. S1, S2, S3 indicates

strains 1, 2 and 3. Values are mean 14
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significant at P<0.05 =
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pigment quality has increased and the pigment displays good
antioxidant property. This is in agreement with similar studies
on orange juice (Escudero-Lopez et al. 2013). The increase in
ORAC and DPPH values could be due to enhancement of
phenolics and also due to the increase in extractable pigment.
It is recognized that the consumption of fruits and vegetables,
which contain various antioxidant compounds like polyphe-
nols, carotenoids and ascorbic acid, intensifies and enhances
the antioxidant defense system (Park et al. 2003). Under, this
context, the data obtained in this study would having impli-
cations in considering fermented B. rubra juice as a source of
bioactive compounds, which is in line of recent reports on
orange (Escudero-Lopez et al. 2013).

At a technological level, this study presents a novelty.
Furthermore, the potential drink of fermented B. rubra fruit
juice would presume to provide the consumer with a new
potentially healthful beverage, however further studies on this
aspect are warranted.
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