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ABSTRACT
Indian blackberry fruit is widely acclaimed for the antidiabetic property. The fruits are highly

perishable, having a shelf life of about two days. Therefore, an attempt was made to convert the
fruits into nectar by pasteurization, without adding any chemical preservatives. Indian blackber-
ry nectar having a total soluble solids content of 17 0 Brix and acidity of 0.253% without any
chemical preservatives, was pasteurized at 100 ° C, for 10 minutes. Viscosity of the nectar rec-
orded an upward trend throughout storage, irrespective of storage temperature. The L* and b*
values rose with a corresponding decline of a* values during storage of the product. Pasteurized
Indian blackberry nectar had an initial vitamin C content of 18.6 mg 100g™'. After three months
of storage, total phenolics in Indian blackberry nectar were 59.50 and 57.50 mg 100g™ under
ambient and refrigerated storage, respectively. The product held under refrigerated conditions
had significantly higher anthocyanins (85.67 mg) than the nectar held at ambient temperature
(78.72 mg 100g™). Scavenging of DPPH radical of the nectar declined slightly (2.94 pg ml™),
compared to that in fresh fruits (2.75 pg ml™).

Keywords: Indian blackberry, ascorbic acid, total phenolics, total anthocyanins, DPPH scaveng-
ing
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1. INTRODUCTION

Increase in disposable incomes and subsequent im-
provements in living standards have resulted in high-
ly health conscious populations who are aware of
their nutritional requirements which lead to choices in
the types of food for consumption. Absence of syn-
thetic food additives, particularly class II preserva-
tives make the product more demanding and will
therefore, creates an impression of being ‘chemical-
free’. The demand for fruits and vegetables are on the
rise as they are considered rich sources of health ben-
eficial vitamins and bioactive substances. Fruits are
undisputable commodities with respect to their anti-
oxidant potential. The antioxidant ability of plant
based foods could be due to their higher levels of
phenolic compounds like flavonoids and anthocya-
nins along with carotenoids, vitamins C, E and due to
the presence of minerals like Zn and Se (Wu et.al
2004). Several studies have revealed that the inclu-
sion of fruits and vegetables rich in polyphenols in
our diet could reduce incidence of cardiovascular
problems (Pilijac-Zegarac et.al, 2009; Nowak et.al,
2011). Determination of antioxidant potential using
the DPPH (2, 2-diphenyl-1-picrylhydrazyl) (method
has become very popular owing to the stability of the
radical in solutions containing alcohol, ease of deter-
mination and lower cost. Besides, no sophisticated
equipment is needed for its determination. Novak et.
al (2015) reported that DPPH method is currently the
most commonly used one to determine the free radi-
cal quenching capacity of fruit and vegetables (Novak
et.al, 2015).

Among fruits, berries are considered as richer sources
of polyphenols. Indian gooseberry, popularly known
as aonla is a potent source of phenolic compounds.
Fruits like, chokeberry (aronia) is estimated to have
about 40-100 g polyphenols per kg of fruit sample.
Other fruits which are useful sources of polyphenols
include blueberries, raspberries, cranberries, currants
and strawberries (Kahkonen et.al, 2001) and Jakobek
et. al (2012). Indian blackberry (Syzigium cumini L.),
more popular by the name jamun, belongs to the Myr-
taceae family. Other edible species in the genus Syz-
igium are S. aqueum, S. jambos, S. malacensis, S.
densiflorum and S. samarangense. The fruit is indige-
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nous to India and is known for its health protective
properties, owing to the rich contents of bioactive
compounds, especially phenolic compounds. Indian
blackberry fruit is widely acclaimed for the antidia-
betic property. Besides, it is also known to have anti-
inflammatory properties along with immunity boost-
ing benefits. Regular consumption of the fruit is ad-
vised to increase the haemoglobin content of blood.
The fruit is also rich in important minerals such as
calcium, potassium, iron etc. Jamun has substantially
high vitamin C content, which helps in maintaining
higher levels of immunity. Besides, it is also an im-
portant source of tocopherols, tocotrienols, phenols
like catechins, isoflavones, flavones, flavons and an-
thocyanins (Gowri et.al, 2010). Due to lower levels of
sugars and absence of sucrose, consumption of Indian
blackberry fruits does not result in an immediate
spike in sugar levels in blood and urine. The antidia-
betic property of the fruit is well known because of
the beneficial impact on the function of pancreas and
regular intake of the fruit is found to boost insulin
production and the seeds possess several bioactive
glucosides like ellagic acid and jamboline that could
slow down the conversion of starch into sugar and
thereby alleviating the difficulties caused by high lev-
els of glucose in blood (Giri et.al, 1985; Benherlal
and Arumughan, 2007). Despite the excellent nutri-
tional profile, the fruit has an inherent astringent taste
that dominates sweetness which prevents it from be-
ing relished by consumers in the fresh form. Besides,
the major bottleneck in the post harvest handling of
this fruit is the huge size of the trees which poses
problems in harvesting of the fruits and the very short
shelf life, wherein the ripe fruits cannot be stored un-
der ambient conditions for more than two to three
days. Therefore, conversion of this highly perishable
produce into a durable processed product with the
retention of its nutritional quality and health protec-
tive properties is the need of the hour. As per the
specifications of FSSAI (2011), the minimum total
soluble solids and juice content in fruit nectars except
that of orange and pineapple should be 15 ° Brix and
20 per cent, respectively while the maximum acidity
expressed as citric acid should be 1.5 per cent. There-
fore, an attempt was made to convert jamun fruits
into nectar by pasteurization, without adding any
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chemical preservatives and to evaluate the qualitative
changes in the product during storage.

2. MATERIALS AND METHODS

2.1. Nectar preparation

Indian blackberry fruits collected from the huge trees
grown in the Central Nursery of Kerala Agricultural
University campus, after tying nets around the trunk
of trees. Ripe fruits falling down on the nets were
collected, sorted and graded to select sound fruits free
of damages, diseases and pest infestations. Excellent
quality fruits thus selected were washed in chlorinat-
ed water (50 ppm chlorine) to remove soil and other
inert particles adhering to fruits. The cleaned fruits
were transferred to a stainless steel utensil, followed
by adding water (1: 0.25 proportions of fruit and wa-
ter) and subsequently heated to 90 ° C for 1 minute to
extract the firmly adhering pulp from the seed by sim-
ultaneously crushing the fruit during heating and also,
to destroy the enzyme pectin methyl esterase, respon-
sible for coagulation of colloidal particles. . This also
ensured maximum extraction of pigment from the
peel which has higher anthocyanins compared to
those in the pulp. The smooth pulp thus obtained was
strained through a stainless steel sieve of 0.2 mm
mesh size, followed by removal of the hard seeds.
Sugar syrup was added to the prepared pulp to adjust
the TSS content of the nectar to 17 ° Brix, having an
acidity of 0.253 per cent. The prepared hot nectar
(70 ° C) was filled into 200 ml glass bottles, followed
by sealing with metallic cap, leaving a headspace of
0.5 cm and were subsequently pasteurized at 100 ° C,
for 10 minutes. Pasteurized bottles were immediately
inverted and left as such to cool down. The nectar
thus prepared from Indian blackberry fruits were held
under ambient (32 + 2 °C) as well as low temperature
(5+ 2 °C) to study the changes in the quality of the
product over a storage period of six months. Observa-
tions were recorded at monthly intervals.

2.2. Determination of quality characteristics and
bioactive compounds

Titratable acidity was determined by diluting the sam-
ple to 100 ml with distilled water, followed by titra-
tion against 0.1 N NaOH using phenolphthalein indi-
cator as described by AOAC (1998). Determination
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of pH was done with a pH meter (Scientific Tech,
$72025). Viscosity of nectar was determined at 25 °
C, using a Brookfield viscometer ( Brookfield DVE,
Digital Viscometer, USA) and viscosity of the sample
was recorded in centipoise (cp) as suggested by Ka-
rangwa et.al (2010). Determination of colour values
was done by the reflectance measurement using a Mi-
nolta CM-3600D spectrophotometer (Konica Minolta
Sensing, Inc., Osaka, Japan). Reference light source
used was a D ¢s lamp (Hajare et. al, 2006). The L*
(lightness), a* (redness) and b* (yellowness) of sam-
ples were determined using JAYPAK 4808 software.
Total soluble solids (TSS) content was measured us-
ing a digital refractometer (ATAGO, PAL 1 & 2)
manufactured in Japan. Ascorbic acid (vitamin C)
content was measured by dissolving the sample in 3
per cent metaphosphoric acid, followed by titration
against 2, 6-dicholorophenol indophenol dye (AOAC,
1998). Total phenolics contents were estimated using
Folin-Ciocalteau reagent as described by Asami et al.
(2003). 5 mL of the extracted sample solution con-
taining 80 per cent ethanol (1mL) to which 0.3 mL of
Folin-Ciocalteau reagent was added, followed by ad-
dition of 10 mL of 7 per cent sodium carbonate solu-
tion after six minutes. The entire solution mixture was
left for 2 hours. The reaction between phenols and
phosphomolybdic acid resulted in a blue coloured
complex. The absorbance was read at 740 nm on a
UV-Visible 1800 spectrophotometer manufactured by
Shimadzu, Kyoto, Japan. Gallic acid formed the
standard for the calibration curve to estimate total
phenolics. Phenolics content was expressed as mg
gallic acid equivalent (GAE) in 100 g of sample. To-
tal anthocyanins were estimated by the pH differential
method as suggested by Lee et. al (2016). Two differ-
ent dilutions of the sample, one with KCI buffer of
pH 1.0 and another with CH;COONa of pH 4.5. The
absorbance was measured at 510 and 700 nm. Total
anthocyanins in the sample were calculated using the
formula,

TAC =(Ax MW x DF x Ve x1000) /e x 1 x M
Where A denotes the absorbance difference between

pH buffers 1.0 and 4.5. MW indicates molecular
weight of cyanidin-3-glucoside, which is 449 g/ mol
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and DF stands for dilution factor. Ve denotes the ex-
tract volume and, e stands for molar extinct coeffi-
cient (cyaniding-3-glucoside), whereas M indicates
the Indian blackberry fruit mass extracted. DPPH
method of radical scavenging activity of samples was
found out based on the method suggested by Braca et
al. (2001). 1.3 mL DPPH was reacted with the sam-
ple extracted using methanol solution. The absorb-
ance of the reaction mixture was read at 517 nm. Per-
centage of radical scavenging activity was deter-
mined from the formula,

% Inhibition of radical =
(Control - Sample x 100) / Control

Gallic acid formed the standard and concentration of
sample providing 50 % inhibition of radical i.e., ICsg
values in pg ml" were calculated from the formula
given above.

2.3. Statistical analysis

Analysis of the data obtained from the experimental
results was done using the CRD (completely random-
ized design) having five replications. The mean val-
ues are presented in two- way ANOVA to examine
the significant difference between treatments namely,
storage period and temperature, using Web Based
Agricultural Statistics Software Package (WASP).
Comparison of mean values at 95 % confidence level
i.e., p =0.05, was done by adopting the Duncan’s
multiple range test.
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3. RESULTS AND DISCUSSION

3.1. Changes in physico-chemical properties

3.1.1. Titratable acidity

Acid content in fruit beverages plays a crucial role in
contributing to the flavour of fresh as well as pro-
cessed fruit products, which ultimately indicates pref-
erence of consumers. Higher the acidity, lower will
be the preference, but higher acidity is beneficial in
prolonging the keeping quality of food samples. The
initial acidity in Indian blackberry nectar was 0.253
% (Table 1). Titratable acidity of Indian blackberry
nectar increased throughout the storage period, irre-
spective of temperature at which product was stored
(Table 2). However, the nectar held under refrigerat-
ed conditions showed lower values in comparison
with the sample held at ambient temperature. After
three months of storage, acidity of jamun nectar held
under ambient and low temperature was 0.670 and
0.402 %, respectively. Temperature and duration of
storage significantly affected the titratable acidity of
Indian blackberry nectar. Degradation of pectin to
pectinic acid or fermentation of sugars might have
increased the acidity in nectar during storage. Lower
levels of acidity in refrigerated nectar compared to
the one held at ambient temperature could happen
because of lower rates of chemical reactions at low
temperature. This finding is in conformity with the
one reported by Hosseini et. al (2015) in orange nec-
tar added with stevioside to make it low in calorific
value. Hussain et. al (2011) also reported a rise in
acidity of blended juice of apple and apricot, during
storage of 90 days.

Table 1. Proximate composition of Indian blackberry fruits

S1. No Parameters Results
1 Titratable acidity (%) 0.804
2 pH 3.0
3 Ascorbic acid (mg 100g™) 27.90
4 Total phenolics (mg 100g™) 280.0
5 Total anthocyanins (mg 100g™) 147.88
6 Total sugars (%) 9.85
7 Reducing sugars (%) 7.29
8 Non-reducing sugars (%) 2.56
9 TSS (° Brix) 8.0
10 DPPH radical scavenging activity (ICso ul ml™) 2.75
11 Moisture content (%) 78.85
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Table 2: Quality characteristics of Indian blackberry nectar during storage

Titratable acidity (%) pH TSS (° Brix)
Storage

AMBIENT LOW AMBIENT LOW AMBIENT LOW
INITIAL 0.253 0.253 3.16 3.16 17.0 17.0
IMAS 0.504 0.402 3.02 3.12 16.0 16.0
2MAS 0.580 0.402 2.98 3.10 15.5 16.0
3MAS 0.670* 0.402 2.93* 3.06 15.0* 15.0
4MAS - 0.670 - 3.02 - 15.0
5MAS - 0.670 - 3.00 - 152
6MAS - 0.670 - 2.93 - 16.0
CD FACTOR A 0.001 0.010 0.102
CD FACTOR B 0.002 0.019 0.190
CD FACTOR A*B 0.003 0.027 0.269
SE(m) 0.001 0.009 0.089

*- Unmarketable

Table 3: Viscosity(Cp) and colour values (L*, a*, b*) of Indian blackberry nectar during storage

Viscosity (Cp) L* a* b*

Storage AMBIENT LOW AMBIENT LOW AMBIENT LOW AMBIENT LOW
INITIAL 3.00 3.00 44.39 44.39 4435 44.35 7.92 7.92
1IMAS 4.50 3.50 55.79 50.08 36.27 38.62 15.63 14.01
2MAS 4.62 3.86 58.80 52.16 33.61 38.62 15.92 14.01
3MAS 4.80* 4.10 61.59*% 58.55 29.39% 36.57 16.31%* 15.30
4MAS - 4.90 - 60.94 | - 35.51 - 17.66
SMAS - 5.30 - 61.20 - 31.20 - 18.08
6MAS - 5.60 - 17.66 - 18.08 - 19.23
CD FACTOR A 0.010 0.010 0.010 0.010

CD FACTOR B 0.019 0.019 0.019 0.019

CD FACTOR A*B 0.027 0.027 0.027 0.027

SE(m) 0.009 0.009 0.009 0.009

*- Unmarketable

3.1.2. pH

Quality of foods, particularly the shelf life is directly
related to pH. The type of microorganism associated
with spoilage of food items is determined to a great
extent by pH. Foods having high pH will be of poorer
shelf life and will also have higher microbial prolifer-
ation. The initial pH of Indian blackberry nectar was
3.16 (Table 1). pH of the product fell throughout the
storage period under ambient as well as in refrigerat-
ed storage (Table 2) and Indian blackberry nectar held
under refrigerated condition had higher pH through-
out storage. Storage conditions and duration had a
significant impact on pH of Indian blackberry nectar.

After three months of storage, the pH of nectar under
ambient and refrigerated conditions was 2.93 and
3.06, respectively. Fall in pH of the product was due
to the rise in acidity of the nectar imparted by for-
mation of pectinic acid and fermentation of sugars
during storage. These chemical reactions might have
been slower in the refrigerated samples, which rec-
orded lower pH than the samples at ambient tempera-
ture. Decline in pH and retention of higher pH values
in refrigerated fruit juices over a storage period of
twelve days were recorded by Kaddumukasa et. al
(2017) who noticed that the pH values of samples of
different fruit juices under ambient (24 ° C) storage
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ranged between 3.87 and 3.80 in passion fruit, while
in pineapple it was between 3.05 to 3.03 and from
3.25 to 3.13 in mango juice whereas in refrigerated
samples (4 ° C), it ranged from 3.39 to 3.20 in pas-
sion fruit, 3.96 to 3.86 in pineapple and from 4.19 to
3.90 in mango juice, respectively. A pH value of 3.5
was reported in pineapple variety Smooth Cayenne
by Tortoe et. al (2013) whereas a value of 3.86 was
recorded in pineapple pulp stored in dark bottles un-
der refrigerated conditions ( 4 ° C) by Silva et. al
(2015).

3.1.3. TSS (Total soluble solids)

TSS of fruit juice beverages is an indication of the
sweetness of the product which ultimately determines
the consumer acceptability as well. The initial TSS of
Indian blackberry nectar was adjusted to 17 ° Brix.
Decline in TSS content of Indian blackberry nectar
was noticed under both ambient and refrigerated stor-
age (Table 2). After three months, TSS in the nectar
fell to 15 ° Brix under ambient as well as in refriger-
ated storage. However, there was a slight rise in TSS
of nectar stored at low temperature, towards the final
stage of storage. Storage period and temperature sig-
nificantly influenced TSS content of the nectar. Fall
in TSS content of nectar may be due to conversion
(fermentation) of sugars in the nectar into ethanol,
carbon dioxide, water etc. A general decline in ° Brix
values was reported by Kaddumukasa et. al (2017) in
fresh and unpasteurized fruit juices of mango, pas-
sion fruit and pineapple, when stored for 12 days un-
der ambient as well as in refrigerated conditions. Up-
ward trend in TSS of nectar towards the final stage of
storage may be due to the formation of simple sugars
such as glucose and fructose caused by inversion of
sucrose. Sandi et. al (2004) noticed that the sucrose
concentration declined and that of reducing sugars
(glucose and fructose) increased in juice of yellow
passion fruit when held for 120 days under ambient
storage ( 25 + 5° C) as well as in refrigerated samples
5+1°0).

3.1.4. Viscosity

The body or consistency of fruit juice beverages,
which is informally known as “thickness” is referred
to as viscosity. It also plays a key role in determining
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consumer preference. Nectar prepared from Indian
blackberry had an initial viscosity of 3.0 cP
(centipoise). Viscosity of the nectar recorded an up-
ward trend throughout storage, irrespective of storage
temperature. (Table 3). However, the rise in viscosity
in the nectar stored at ambient temperature was high-
er than the one under refrigerated storage. Storage
time and temperature significantly influenced the
viscosity of jamun nectar. After three months of stor-
age, viscosity of the product was 4.80 and 4.10 centi-
poises under ambient and refrigerated conditions,
respectively. Retention of higher viscosity of the
product may be due to the heat denaturation of en-
zymes like pectin methylesterase and polygalac-
turonase during thermal treatments which might have
retarded degradation of pectic substances. The results
are in accordance with those reported by Nindo et. al
(2005) wherein as solids content of red raspberry
juice rose from 10 to 65 per cent at 20 ° C , the vis-
cosity also increased from 1.8 to 224 mPas
(megaPascals). They also reported that in case of
blueberry juice, the viscosity increased from 2.9 to
184 mPas. However, the results for viscosity in this
study on Indian blackberry nectar contradict the find-
ings of Hosseini et. al (2015) who observed a 10 per
cent reduction in viscosity during storage of stevio-
side containing orange nectar of low calorific value.

3.1.5. Colour values

Measurement of colour values will indicate the extent
of pigment retention and whether the product has
become darker or lighter during storage. This also
has a direct bearing on the consumers’ choice wheth-
er to buy the product or not. The initial values for L*
(lightness), a*(redness) and b*(yellowness), which
indicate lightness, redness and yellowness of Indian
blackberry nectar were 44.39, 44.35 and 7.92, respec-
tively (Table 3). L* and b* values rose with a corre-
sponding fall in a* during storage of the product,
irrespective of storage conditions. However, the in-
crease in L* and b* values and decline in a* values
were higher under ambient conditions compared to
the product held at low temperature. The interaction
of temperature and duration of storage significantly
affected L*, b* and a* values of jamun nectar. After
three months of storage, L*, b* and a* values of the
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product under ambient and refrigerated storage were
61.59, 16.31, 29.39 and 58.55, 15.30 and 36.57, re-
spectively. The rise in L*, b* values and fall in a*
values indicate deterioration of colour of the product
during storage, particularly under ambient conditions.
The colour of Indian blackberry is due to anthocya-
nins and the colour values indicate degradation of
anthocyanins throughout the storage period. Similar
trend in colour values were also reported by Lingli
Zhang et. al (2019). They reported that the visual ap-
pearance of blueberry juice processed by steam treat-
ment had good colour stability. Deterioration of col-
our in blueberry juice during storage was due to deg-
radation of anthocyanins. Anthocyanins are less sta-
ble and are easily destroyed by high temperature, var-
iation in pH, presence of light and oxygen, and due to
the reaction of anthocyanins with other compounds.
Further, anthocyanins and other phenolic compounds
like flavonoids can be polymerised to form polymeric
anthocyanins and can thus lead to change in colour of
fruit juices (Reque et.al, 2014). Fang et. al (2006)
also found that colour retention in products contain-
ing anthocyanin pigments such as bayberry juice
could be achieved by blanching treatment.

3.2. Changes in bioactive compounds

3.2.1. Ascorbic acid

vitamin C, which is chemically known as ascorbic
acid, contributes immensely to antioxidant properties
of foods and its immunity boosting power is also a
thoroughly researched aspect. Pasteurized Indian
blackberry nectar had an initial vitamin C content of
18.6 mg 100g™, compared to 27.9 mg 100g™ in fresh
fruits, indicating that the thermal treatment involved
in developing the product could retain about 67 per
cent vitamin C (Figure 1a). This reduction in the con-
tent of ascorbic acid in the nectar can occur due to
thermal treatments during processing of the nectar as
well as due to photo-oxidation, as vitamin C is ther-
mo-labile as well as photo-sensitive. Ascorbic acid
content of jamun nectar showed a declining trend
throughout storage, under ambient as well as in re-
frigerated conditions, although the retention was
higher at low temperature. Vitamin C content of the
product was significantly influenced by storage time
and temperature. After three months of storage, the
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vitamin C retention in the nectar was 10.24 and 15.01
mg 100g” under ambient and refrigerated storage,
respectively. The results are in conformity with the
ones observed by Hosseini et. al (2015) in orange
nectar of low calorific value prepared with stevioside,
during storage. Chia et. al (2012) reported that degra-
dation of ascorbic acid during long storage durations
was due to the presence of dissolved oxygen. They
also reported that ascorbic acid loss could occur be-
cause of exposure to light, peroxides formed during
heating and due to the presence of enzymes like
ascorbate oxidase, peroxidase etc. Further, tempera-
ture during storage, processing method and type of
packaging material used can also determine the ex-
tent of degradation/ retention of ascorbic acid. Ac-
cording to Chia et. al (2012), fruit juices retaining 50
% of their initial vitamin C content could be consid-
ered as termination of their shelf life. In the present
study, Indian blackberry nectar could retain 50 % of
its vitamin C content up to three and five months un-
der ambient and refrigerated storage, respectively
when stored for six months.

= [ N N
(52} o wu o w

Ascorbic acid (mg 100 g1)

(=]

INITIAL  1IMAS 2MAS 3MAS 4MAS
STORAGE

5MAS 6MAS
MAMBIENT WLOW

Fig.1. a. Ascorbic acid (mg 100 g") in Indian blackberry
nectar
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Fig.1. b. Phenolic compounds (mg 100 g™") in Indian
blackberry nectar
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Fig.1. c. Anthocyanins (mg 100 g") in Indian black-
berry nectar
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Fig.1.d. Radical (DPPH) scavenging ability of Indi-
an blackberry nectar

3.2.2. Total phenolic content

Many fruits are rich sources of phenolic compounds
which have beneficial health effects owing to their
potent antioxidant capacities. The type and concen-
tration of phenolic compounds differ with plants and
fresh Indian blackberry fruits had a total phenolic
content of 280.0 mg 100g™. Thermal treatments
adopted during development of the nectar brought
down the phenolic content to 52.50 mg 100g"
(Figure 1b). Reduction in the level of phenolics con-
tent might have occurred due to the thermal and oxi-
dative deterioration leading to polymerization of pol-
yphenols during processing of the product. Aguilar-
Rosas et. al (2007) observed a reduction of about
32% in the total phenolic compounds in apple juice
preserved through pasteurization by adopting high
temperature and short time method at a temperature
of 90 ° C and 30 seconds, as compared to the un-
treated juice. Similar reduction in total phenolics was
also reported by Akhila and Hiremath (2018) in jam,
squash and nectar prepared from jamun fruits. The
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effect of thermal pasteurization (90 %, for 30 sec-
onds) on phenolic compounds, particularly flavo-
noids in orange juice was negligible (Sentandreu et.
al, 2007). However, the total phenolic content rose
during storage, with higher amounts in orange juice
stored under ambient conditions than those stored at
low temperature. Higher phenolic compounds in the
juice kept under ambient storage were because of
faster chemical reaction rates at higher temperature.
Total phenolics content in Indian blackberry nectar
was significantly affected by storage time and tem-
perature. After three months of storage, total phenol-
ics in Indian blackberry nectar were 59.50 and 57.50
mg 100g" under ambient and refrigerated storage,
respectively. Findings of this study corroborates with
those reported by Piljac-Zegarac et. al (2009) where-
in the total phenolics in six dark coloured fruit juices
were seen rising when kept for 29 days under refrig-
erated storage.

3.2.3. Total anthocyanin content

Anthocyanins are one of the largest groups of water
soluble pigments concentrated in cell vacuoles and
these pigments impart diverse colours to plant or-
gans. Besides their antioxidant capacity, anthocya-
nins have been found to possess health protective
properties, particularly in combating cardiovascular
disease and, against several types of cancer. The pur-
ple colour of Indian blackberry is deeper in the peel
than in the pulp of the fruit. Total anthocyanin con-
tent of the nectar was 93.15 mg 100g", which was
lower than that in fresh fruits (147.88 mg 100g™")
(Figure 1c). Reduction in anthocyanin content in the
nectar may be due to thermal and oxidative degrada-
tion during processing of the product. Reduction in
anthocyanin content of products from jamun (jam,
squash and nectar) was also reported by Akhila and
Hiremath ( 2018) which contained 132, 128 and 97
mg 100g™, respectively as compared to the content in
fresh fruits (157 mg 100g™"). Total anthocyanin con-
tent of Indian blackberry nectar declined during stor-
age. Three months after storage, the nectar kept at
low temperature had significantly higher anthocya-
nins (85.67 mg) in comparison with the one held at
ambient temperature (78.72 mg 100g™"). Anthocyanin
pigments are less stable and therefore, can easily be
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degraded. Fall in level of anthocyanins in the nectar
could be due to the combined action of temperature,
presence of light, pH level, and presence of enzymes
and availability of oxygen during storage. The inacti-
vation of the enzyme polyphenol oxidase during ther-
mal processing might have had an impact on total
anthocyanin content during subsequent storage. Ling-
li Zhang et. al (2019) also reported on the impact of
thermal pretreatments processing on total anthocya-
nin retention in blueberry juice during storage. They
reported that the rate of retention of total anthocya-
nins was 23.77 % in the juice subjected to hot water
bath treatment, while it was 30.71 % in steam treated
juice whereas, the retention was only 19.91 % in the
control sample.

3.2.4. DPPH (2, 2-diphenyl-1-picrylhydrazyl) radi-
cal-scavenging activity

Ability to scavenge radicals indicates the antioxidant
capacity of food items. Plant metabolites like phenol-
ic substances, carotenoids, ascorbic acid, vitamin E
etc. are some of the potent bioactive compounds im-
parting antioxidant activity. Higher levels of these
compounds in fruits and vegetables and in their pro-
cessed products are indicators of better health protec-
tive attributes in food samples. A lower ICsq value
denotes greater potential to scavenge free radical
compounds. The ICsy value of fresh Indian blackber-
ry fruits was 2.75 pg ml'. Akhila and Hiremath
(2018) reported an antioxidant activity of 92 mg/ 100
g vitamin C equivalent in fresh jamun fruits. A slight
decline in DPPH radical scavenging activity was no-
ticed in the nectar (2.94 pg ml"') during the initial
analysis of the product. This decline in ICsy value in
the product can be attributed to the partial destruction
of phenolic substances and vitamin C due to thermal
and oxidative degradation during processing of the
product. Similar fall in radical scavenging activity
was also reported by Akhila and Hiremath (2018) in
processed products of jamun (jam, squash and nec-
tar). DPPH radical scavenging activity of the nectar
declined during storage. After three months of stor-
age, the nectar kept at refrigeration temperature had
significantly superior DPPH scavenging ability (4.23
ng ml™") when compared to the one kept at ambient

Saji Gomez et al.

temperature (9.75 ug ml™") (Figure 1d). Fall in radical
scavenging activity of the nectar was noticed
throughout the storage period which might have been
caused by decline in the contents of compounds con-
tributing to antioxidant capacity such as total phenol-
ics, total anthocyanins and ascorbic acid. Lingli
Zhang et. al (2019) reported similar trend in the anti-
oxidant capacity of blueberry juice, wherein the juice
subjected to hot water bath treatment had an antioxi-
dant capacity of 37.16 %, while it was 51.81 % for
steam-treated juice and the control sample retained
only 23.38 % antioxidant activity, when stored for a
period of 10 days. Ferric reducing antioxidant power
(FRAP) of nectar prepared from orange, apricot,
peach and sour cherry were evaluated by Ilkay Tosun
and Sule Ustun (2003). They reported that sour cher-
ry nectar had the highest antioxidant power and they
attributed this property of sour cherry nectar to the
higher levels of total phenolics and anthocyanins than
those in nectar prepared from orange, apricot and
peach.

Indian blackberry fruits

Nectar from Indian blackberry fruits
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4. CONCLUSIONS

The study revealed that pasteurization of Indian
blackberry nectar at 100 ° C for 10 minutes and its
subsequent storage, without adding any chemical pre-
servatives, resulted in a shelf life of three months at
ambient temperature and the nectar could be stored
beyond six months at low temperature. This finding
is relevant in the context of health conscious consum-
ers preferring to have ‘chemical-free’, safe to eat
food items. The method of processing adopted in the
preparation of Indian blackberry nectar, though
brought down the levels of bioactive compounds in
the product as compared to those in the fresh fruits
and prevented the loss of these compounds in a sub-
stantial level during storage. Low temperature stor-
age of Indian blackberry nectar was beneficial in re-
taining the physico-chemical attributes and enabled
maintenance of higher levels of bioactive compounds
in the product. The technique could be adopted as a
viable method of processing to minimize the huge
post harvest losses occurring in this health protective,
nutritious fruit.
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