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ABSTRACT

Wild pomegranate (Punica granatum L.) fruits were procured from Karsog area of Mandi district of
Himachal Pradesh, India (1265 m above mean sea level). The arils extracted from the fruits were
dehydrated in a solar tunnel (30-45°C) drier to prepare value added product Anardana. The
developed product was packed in three different packaging materials viz. gunny bags, aluminium
laminated pouches (ALP) and aluminium laminated pouches with vacuum (ALPV) and stored under
ambient and refrigerated temperature for a period of 12 months so as to evaluate overall effect of
storage period, storage condition and packaging material. After 12 months of storage period, higher
retention of various quality characteristics like TSS, titratable acidity, ascorbic acid, total sugars,
anthocyanins content, sensory characteristic scores with less increase in moisture content, NEB
(non-enzymatic browning),HMF (hydroxymethyl furfural) and furfural content was observed in
Anardana packed in ALPV followed by ALP and gunny bags. The changes in the quality
characteristics of the Anardana were slower in refrigerated storage conditions as compared to
ambient conditions.
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1. INTRODUCTION

Pomegranate  (Punica granatum L) fruit
belonging to family Punicaceae is found growing
in arid or semiarid zones in both subtropical and
tropical conditions [1]. Pomegranates are native
to central Asia and domestication of
pomegranate started 3000-4000 BC in the North
of Iran and Turkey [2-4]. Wild pomegranate
resembles the cultivated pomegranate for
various morphological characters and also
regarded as its biotype which grows in
Transcaucasia and Central Asia from Iran and
Turkmenistan to northern India [3,5,6]. In India, it
is found in the hill slopes of western Himalayan
regions and mainly distributed in the states like
Himachal Pradesh, Jammu and Kashmir and
Uttarakhand at an altitude of 900 to 1800 m
above mean sea level. In Himachal Pradesh, it is
distributed in Solan, Sirmour, Mandi, Shimla,
Kullu and Chamba districts [6-8]. The edible part
(50%) of the pomegranate fruit is termed as aril
which constitutes about 40% of the fruit with 10%
seeds. Arils are potential source of total sugars,
organic acids such as ascorbic acid, citric acid
and malic acid with bioactive compounds such as
phenols, flavonoids and anthocyanins [9,10]. The
pomegranate fruit has been recognised as
healing food since ancient times along with
numerous beneficial effects in control of several
diseases like vomiting, sore throat, brain
diseases, spleen complaints, chest troubles,
scabies, bronchitis, liver and kidney disorders
[11,12]. The wild pomegranate arils (50.90-
56.01%) are rich source of organic acids, sugars
and antioxidant compounds like ascorbic acid,
anthocyanins, phenols, flavonoids  which
contribute towards high antioxidant activity of the
fruit. The various antioxidant compounds present
in cultivated and wild forms of pomegranate fruit
contributes  towards its medicinal and
pharmacological properties which also helps in
the prevention of neurodegenerative disorders
[8,12-14].

The wild pomegranate arils are rich in organic
acids and dried to yield a value added product
known as anardana. Due to intense sourness in
the dried product it is used as acidulant in
culinary purposes which improves the mouth feel
of the food and digestion. Anardana is rich in
various nutritive compounds like acids, vitamins,
ascorbic acid, anthocyanins, total phenols,
minerals and also have high antioxidant
properties [15,16]. Anardana has a great demand

in the market and every year worth crores of
rupees is collected from the hills and sold at
various markets throughout the country and
abroad [17]. Traditionally the arils are dried in
open sun and the varying seasonal conditions
like rains and high humidity increases the drying
time of the arils resulting in poor quality end
product with high moisture content. Solar tunnel
drying is a good alternative to overcome these
problems without much addition in its cost of
production. Further various advanced packaging
techniques like vacuum packaging over
traditional packaging (gunny bags) can retain
higher quality characteristics during storage. So
the present studies were carried out to compare
the effect of storage and packaging materials on
quality characteristics (physico-chemical and
sensory) of dried wild pomegranate arils
prepared in solar tunnel drier.

2. MATERIALS AND METHODS

2.1 Procurement of Raw Material and
Preparation of Dried Arils (Anardana)

The wild pomegranate fruits were procured from
Karsog area of Mandi district of Himachal
Pradesh, India (1265 m above mean sea level).
The fruits were further used for the preparation of
anardana and the chemicals used during the
entire study were procured from local market.
Wild pomegranate arils were extracted and pre-
treated as per the method suggested by Thakur
et al. [18], where arils were steam blanched for
30 seconds followed by sulphuring with 0.30%
sulphur powder for 60 minutes in sulphur
fumigation chamber before carrying out the
drying. The pre-treated arils were spread on the
perforated aluminium trays which were kept on
the stands inside a solar tunnel drier of
dimensions 297 x 204 x 183 cm (Fig. 1.). This
drier has been made of polyethylene sheet of
thickness 0.31 mm and the temperature recorded
in this drier during these studies was in the range
of 30-45°C. The pre-treated arils were dried till
they attain a constant weight.

2.2 Packaging and Storage

The anardana was packed in different packaging
materials (Fig. 2.) like gunny bags (T,),
aluminium pouches (ALP: T,) and aluminium
laminated pouches with vacuum (ALPV: T3). All
the packages were stored under ambient
temperature and refrigerated temperature for a
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period of 12 months and overall effect of storage
period, storage conditions and packaging was

analyzed for changes in various quality
attributes.
2.3 Physico-chemical and Sensory

Analysis

The colour of anardana was observed visually by
comparing with the colour cards of Royal
Horticulture Society, London and the card
numbers were mentioned along with the colour.
Moisture, TSS, sugars, titratable acidity, ascorbic
acid, anthocyanins, starch, NEB (non enzymatic
browning), HMF (hydroxyl methyl furfural),
furfural and residual SO, were determined
according to Ranganna [19]. Water activity of the

dried product was estimated by computer based
digital water activity meter (HW3 model, Rotronic
International, Switzerland).Total fibres content
was estimated by the method given by Gould
[20]. The sensory evaluation of the samples was
carried out by 9 point hedonic rating test.
Sensory evaluation of anardana was conducted
to assess the consumer acceptance and panel of
ten judges (Faculty members and students of the
Department of Food Science and Technology)
was selected to evaluate the product for
sensory qualities on the basis of colour, texture,
flavour and overall acceptability. Sensory

evaluation was done at ambient temperature
conditions and the mean score of all attributes
was used to draw overall acceptability of the
product [21, 22].

Fig. 2. Anardana packed in different packaging material
(T1: Gunny bags, T»: Aluminium laminated pouches and Ts: Aluminium laminated pouches with vacuum
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2.4 Statistical Analysis

The data on physico-chemical characteristics of
dried arils were analyzed by CRD (factorial)
whereas, data pertaining to the sensory
evaluation of dried wild pomegranate arils were
analyzed by Randomized Block Design (RBD).
The data on physico-chemical and sensory
characteristics of dried arils were replicated three
times. The significance (p < 0.05) or otherwise of
data obtained from various experiments was
judged with the help of F-Table using OPSTAT
software.

3. RESULTS AND DISCUSSION

Data pertaining to changes during storage in
physico-chemical and sensory characteristics of
anardana prepared under solar tunnel drier have
been presented in Table 1 and Figs. 3-5.

3.1 Physico-chemical Characteristics
3.1.1 Visual colour

The colour of anardana as per Royal Horticultural
Society Cards was retained as such [Red group
46 (A)] during twelve months of storage in ALPV
under refrigerated conditions (Table 1). The
intensity of red colour of anardana packed in
ALPV and ALP stored under ambient conditions
decreased slightly. The anardana packed in
gunny bags has the maximum changes in the
intensity of red colour and turned brown at the
end of twelve months of storage. The intensity of
red colour of anardana decreased during storage
which might be due to the loss of colour
pigments like anthocyanins. Non-enzymatic
browning reactions could be the other major
reason for the loss in intensity of red colour.
Retention of better colour in refrigerated storage
might be due to the better retention of colour of

the product as a result of the suitable storage
conditions where the rate of degradation of
anthocyanins and rate of other chemical
reactions was slower as compared to ambient.
However, maximum intensity of red colour of
anardana in ALPV might be due to the better
retention of colour as a result of favourable
conditions inside the pouch which created barrier
to light, air and moisture, therefore prevented
degradation of anthocyanins. A similar trend of
decrease in intensity of red colour of anardana
during storage has also been observed earlier
[23,24].

3.1.2 Moisture and water activity

Data given in Fig. 3(a) reveal that there was a
general increasing trend in moisture content of
anardana during entire storage period of 12
months. The overall moisture content in
anardana increased from 10.55 to 12.75% during
storage, lower (11.38%) was found in
refrigerated storage conditions and higher
(12.02%) in ambient storage conditions. The
lower (10.75%) moisture content was recorded in
anardana packed in ALPV as compared to gunny
bags (13.28%) while comparing the overall effect
of packaging materials on moisture content of
anardana. Scrutiny of data presented in Fig. 3(b)
indicates that there was a general increasing
trend in the water activity of anardana during
entire storage period of twelve months. The
water activity in anardana increased from 0.348
to 0.454 during storage, lower (0.391) was found
in refrigerated storage conditions and higher
(0.421) in ambient storage conditions The lower
(0.362) water activity was recorded in anardana
packed in ALPV as compared to gunny bags
(0.478) while comparing the overall effect of
packaging materials on water activity of
anardana.

Table 1 Effect of storage on *visual colour of anardana prepared under solar tunnel drier

Treatments Storage conditions
Ambient storage (Months) Refrigerated storage (Months)
0 3 6 9 12 0 3 6 9 12
Ty Red Red Red Red Brown Red Red Red Red Red
46 A 46A 46B 46A 46 A 46A 46A 46B 46 C
T, Red Red Red Red Red 47 Red Red Red Red Red
46 A 46A 46A 46B C 46 A 46A 46A 46A 46 B
Ts Red Red Red Red Red 46 Red Red Red Red Red
46 A 46A 46A 46A B 46 A 46A 46A 46A 46 A

T1: Gunny bags, T2: Aluminium laminated pouch and
T3: Aluminium laminated pouch with vacuum
* Colour card number of Royal Horticulture Society, London
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Moisture content of anardana increased
significantly during storage which might be due to
the absorption of moisture from its surroundings
as a result of hygroscopic nature of the dried
product. Other reason of increase in the moisture
content during storage might be because of the
release/formation of moisture during non-
enzymatic browning reactions in the product.
Increase in the moisture content of product
stored under refrigerated temperature conditions
was observed less as compared to ambient
which could be due to the slower rate of non-
enzymatic reactions occurred in the product.
Product packed in ALPV had negligible increase
in moisture than product packed in ALP and
gunny bags whereas; higher moisture uptake in
gunny bags might be due to its higher
permeability towards air and moisture. During
storage, anardana showed a significant increase
in water activity which might be due to its
absorption of moisture. Increase in moisture
content and water activity of anardana during
storage has also been observed in earlier
investigations [23-26].

3.1.3 Total soluble solids and titratable acidity

An appraisal of data Fig. 3(c) reveal that there
was a general decreasing trend in TSS content
of anardana during entire storage period of 12
months. The overall effect of storage period
reveals that TSS of anardana prepared in solar
tunnel drier decreased from 39.50 to 37.61°B
during storage. Further, while comparing the
overall effect of storage conditions it was found
that higher (38.94°B) TSS were retained under
refrigerated storage conditions as compared to
ambient storage conditions (38.22°B). The
overall effect of packaging materials indicates
that higher (39.23°B) TSS were retained in ALPV
as compared to gunny bag (37.70°B) during
storage. The acid content of anardana during
entire storage period of 12 months decreased
significantly (Fig. 3d). The overall effect of
storage period reveals that titratable acidity of
anardana decreased from 10.90 to 9.30% during
storage. Further, while comparing the overall
effect of storage conditions it was found that
maximum (10.29%) acid was retained under
refrigerated storage conditions as compared to
ambient storage conditions (9.91%). The overall
effect of packaging materials indicates that
maximum (10.74%) acid was retained in ALPV
as compared to gunny bag (9.27%) during
storage.
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A significant decrease in TSS content of
anardana might be attributed due to increase in
the moisture content and degradation of
chemical components like sugars and other
soluble constituents. Highest retention of TSS in
anardana under refrigerated storage might be
due to slower rate of reactions at low
temperature conditions as compared to ambient.
Anardana packed in ALPV showed less
decrease in TSS due to the negligible amount of
residual moisture and air inside the pouch along
with its minute permeable nature towards
moisture and air as compared to other packaging
material. The loss of acids content during storage
might be due to their participation in the chemical
reactions with sugars and amino acids leading
towards the formation of NEB products and HMF
as well as utilization in the inversion of non-
reducing sugars to reducing sugars. Maximum
acidity of anardana retained under refrigerated
storage might be due to the slower rate of above
reactions at low temperature. The anardana
packed in ALPV have retained maximum acid
content which might be due to the vacuum
conditions inside the pouch which restricted the
involvement of acids in various chemical
reactions. Similar trend of results for above
parameters have also been reported in anardana
prepared from wild pomegranate fruit [24,25] and
cultivated Maridula cultivar [26].

3.1.4 Reducing and total sugars

Scrutiny of data presented in Fig. 3(e) indicates
that there was a general increasing trend in the
reducing sugars content of anardana during
storage. The reducing sugars content of
anardana increased from 23.15 to 24.05 during
storage, higher (23.80%) were found in ambient
storage conditions and lower (23.38%) in
refrigerated storage conditions. The higher
(24.02%) reducing sugars were recorded in
anardana packed in gunny bags as compared to
ALPV (23.24%) while comparing the overall
effect of packaging materials. The total sugars of
anardana dried in solar tunnel drier decreased
from 25.40 to 24.26% during storage (Fig. 3f).
Further, while comparing the overall effect of
storage conditions it was observed that more
(25.11%) total sugars were retained under
refrigerated storage conditions as compared to
ambient storage conditions (24.54%). The overall
effect of packaging materials indicates that
higher (25.29%) total sugars were retained in
ALPV as compared to gunny bags (24.13%)
during storage.
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A significant increase in reducing sugars during
storage might be attributed to the inversion of
non-reducing sugars and breakdown of
polysaccharides into reducing sugars. Minimum
increase in reducing sugars was observed in the
product stored under refrigerated storage
conditions as compared to ambient which might
be due to the delayed inversion of non-reducing
sugars as well as breakdown of polysaccharides
by slowing down the chemical reactions as a
result of low temperature. The anardana packed
in ALPV had recorded minimum increase in
reducing sugars which might be due to the
vacuum conditions inside the pouch which
restricted the conversion of polysaccharides to
reducing sugars and did not allow the inversion
reactions faster as compared to the others. Total
sugars of the anardana deceased significantly
during storage period of 12 months which might
be attributed to the utilization of sugars in non-
enzymatic browning reactions and formation of
HMF. The total sugars were retained maximum
in anardana stored under refrigerated storage
conditions might be due to the slower NEB
reactions as a result of low temperature. Further,
better packaging conditions in ALPV might have
restricted the formation of NEB products and
HMF because of the higher concentration of SO,
inside it. Above results for reducing and total
sugars content are in conformity with the earlier
findings in anardana prepared from wild and
cultivated pomegranate cultivars [25-28].

3.1.5 Ascorbic acid and anthocyanins

Data appended in Fig. 3(g) reveal that the
ascorbic acid content of anardana decreased
during storage. The overall effect of storage
period reveals that it decreased from 12.75 to
8.53 mg/100 g. Further, while comparing the
overall effect of storage conditions it was found
that higher (11.27 mg/100 g) ascorbic acid
content was retained under refrigerated storage
conditions as compared to ambient storage
conditions (10.14 mg/100 g). The overall effect of
packaging materials indicates that higher (11.83
mg/100 g) ascorbic acid content was retained in
ALPV as compared to gunny bag (9.33 mg/100
g) during storage. The overall effect of storage
period indicates that anthocyanins content of
anardana decreased from 35.70 to 28.94 mg/100
g during storage (Fig. 3h). Further, while
comparing the overall effect of storage conditions
the maximum (33.64 mg/100 g) anthocyanins
content was retained under refrigerated storage
conditions as compared to ambient storage
conditions (31.17 mg/100 g). The overall effect of
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packaging materials indicates that maximum
(33.93 mg/100 g) anthocyanin content was
retained in ALPV as compared to gunny bag
(30.35 mg/100 g) during storage.

The anardana showed a significant decrease in
ascorbic acid during the entire storage period
which might be due to its oxidation and direct
effect of ambient storage temperature on this
vitamin. The ascorbic acid is oxidized to
dehydroascorbic acid under aerobic conditions,
followed by hydrolysis and further oxidation into
furfural [29]. Highest retention of ascorbic acid
content in anardana under refrigerated storage
might be due to slower rate of oxidation reactions
at low temperature conditions as compared to
ambient. Better conditions inside ALPV might
have restricted the participation of ascorbic acid
in various oxidation reactions. Whereas, highest
permeability of gunny bags towards oxygen
might have led towards the highest rate of
ascorbic acid degradation during storage. A
significant decrease in anthocyanins content of
anardana observed during storage might be
attributed to their susceptible nature towards
oxidative losses caused by air, moisture,
temperature and light. Product stored under
refrigerated temperature conditions retained
more anthocyanins as a result of slower rate of
oxidation reactions under low temperature
conditions. ALPV retained more anthocyanins
which might be due to the opaqueness of
aluminium foil in the ALP to light and
impermeability of the packaging material to
oxygen, water vapours and vacuum inside the
pouch that prevented photo-oxidation of
anthocyanins. Similar decreasing trend for
ascorbic acid and anthocyanins content of
anardana during storage have also been
observed by Bhat et al. [23], Sharma et al. [25]
and Singh and Kingsley [27].

3.1.6 Starch and total fibres

Data in Fig. 3(i) elucidates the starch content of
anardana decreased from 2.76 to 2.42%. The
overall effect of storage conditions, keeping other
factors constant, shows that higher (2.63%)
starch content was retained in refrigerated
storage conditions as compared to ambient
conditions (2.49%). While comparing the overall
effect of packaging materials the maximum
(2.70%) starch content was retained in ALPV as
compared to gunny bags (2.38%). The overall
effect of storage on total fibres content of
anardana reveals that it decreased slightly during
storage (Fig. 3j) from 3.40 to 2.97%. The
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minimum (3.05%) and maximum (3.21%) total
fibres content was found in ambient and
refrigerated storage conditions, respectively. The
overall effect of packaging material reveals that
maximum (3.30%) total fibres content of
anardana was found in ALPV as compared to
gunny bags (2.93%).

The starch content of anardana decreased
during storage period which might be due to
conversion of starch into sugars. The product
packed in ALPV retained more starch might be
due to the slower rate of conversion of starch into
sugars as compared to gunny bags as a result of
its moisture and oxygen barrier properties and
variation in initial oxygen present in the package.
The starch content was retained maximum under
refrigerated storage conditions might be due to
the slower conversion of starch into sugars at low
temperature. The total fibres content of anardana
decreased slightly during storage which might be
attributed to breakdown and depolymerization of
polysaccharides into monosaccharides. The
other reason for the decrease in total fibres
content of anardana might be due to the
absorption of moisture from the surroundings
which led to the decrease in the total fibres
content on weight basis. Anardana stored under
refrigerated conditions retained more total fibres
which might be due to the slower rate of
reactions under low temperature conditions.
Product packed in ALPV experienced minimum
decrease in total fibres content as compared to
other packaging material which might be due to
impervious nature of laminates to air and water
vapours and the vacuum inside the pouch also
restricted the breakdown of polysaccharides.

3.1.7 NEB (Non enzymatic browning), HMF
(Hydroxymethyl furfural) and furfural

The data in Fig. 3(k) reveal that NEB of anardana
in terms of absorbance increased from 0.090 to
0.177 during storage. Further, while comparing
the overall effect of storage conditions it was
found that lower (0.113) NEB was found under
refrigerated storage conditions as compared to
ambient (0.150) storage conditions. The overall
effect of packaging materials indicates that
minimum (0.102) NEB was observed in ALPV as
compared gunny bags (0.168). The overall effect
of storage on the HMF of anardana reveals that it
increased from 1.05 to 7.64 ppm, higher (5.65
ppm) was found in ambient storage conditions
and lower (2.85 ppm) in refrigerated storage
conditions (Fig. 3l). While comparing the overall
effect of packaging materials on HMF indicates
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that minimum (2.25 ppm) HMF was found in
ALPV as compared to aluminium gunny bags
(6.52 ppm). During storage the furfural of
anardana increased from 15.40 to 56.06 ppb,
lower (28.30 ppb) was found in refrigerated
storage conditions and higher (41.98 ppb) in
ambient storage conditions (Fig. 3m). The
minimum (24.14 ppb) furfural was recorded in
anardana packed in and ALPV as compared to
gunny bags (46.99 ppb) while comparing the
overall effect of packaging materials on furfural of
anardana.

The non-enzymatic browning of dried arils
increased during storage which might be due to
carbonyl-amino reactions, such as reducing
sugars with amino acids (Maillard reaction) and
oxidation reactions, such as conversion of
polyphenols into polycarbonyls [30]. According to
Mahadeviah [31], the reaction between
aldehydes, ketones groups of reducing sugars
with amino acids, peptides and proteins (Maillard
reaction), nitrogenous matter and organic acids
themselves, led to browning of arils. Arils packed
in ALPV exerted its significant influence in
checking browning during storage while the arils
packed in other packaging treatments apparently
recorded higher NEB. The arils packed in ALPV
showed the minor degradation of sugars
because of the retention of higher amount of
residual SO, and lower moisture level in arils
inside the pouch. The increase in HMF of arils
during storage might be attributed to the acid
catalyzed degradation of reducing sugars or as
an intermediate product of NEB reactions [32].
The ALPV restricted oxygen and water vapour
intrusion to a maximum extent because of the
better conditions inside the pouch, therefore,
results in less HMF formation as compared to
other packaging material. The minimum increase
in HMF content was observed in anardana stored
under refrigerated temperature conditions might
be due to the slower rates of degradation of
sugars and other reactions occurred in the
product which helped in the formation of less
HMF compounds. Anardana showed a significant
increase in furfural content during storage which
might be due degradation of ascorbic acid by
oxidation/reduction and intermolecular re-
arrangement reactions which further led to the
formation of dehydroascorbic acid and furfural.
The other possible reason for the increase in
furfural content might be due to its formation as
an intermediate product of NEB reactions.
Minimum increase in furfurals was observed in
the  product stored under refrigerated
temperature conditions as compared to ambient
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which might be due to the low temperature
conditions which delayed the degradation of
ascorbic acid and NEB reactions by slowing
down the chemical reactions. The minimum
increase in furfurals was noticed in the product
packed in ALPV which might be due to the
vacuum conditions inside the pouch which
restricted the above reactions and did not
allowed to occur these reactions faster as
compared to the others. Present results for the
above parameters are in conformity with the
earlier results reported in anardana prepared
from wild pomegranate fruits [23,24].

3.1.8 Residual SO,

Data in Fig. 3(n) indicate that residual sulphur
dioxide of anardana decreased from 162.00 to
101.30 ppm. The lower (123.22 ppm) and higher
(132.19 ppm) sulphur dioxide were found in
ambient and refrigerated storage conditions,
respectively. The overall effect of packaging
material reveals that maximum (148.91 ppm)
sulphur dioxide was recorded in anardana
packed in ALPV as compared to gunny bags
(91.58 ppm). Significant reduction of residual
SO, in anardana was observed during storage
which might be due to its escape from the
packaging material. The other possible reason of
the decrease in SO, content might be due to its
participation in oxidation process during storage.
Anardana stored under refrigerated conditions
retained higher SO, which might be due to the
slower rate of oxidation reactions under low
temperature conditions. The retention of higher
SO, in ALPV might be due to minute no residual
air and impermeable nature of the ALP which
hindered the exchange of gases and created a
better barrier for the removal of SO, The
decrease in SO, during storage of dried apricots
packed in polyethylene pouch stored under
ambient conditions has been observed by Sen et
al. [33].

3.2 Sensory Characteristics

During storage there was a general decrease in
colour scores of anardana from 8.00 to 6.63 (Fig.
4a). While comparing overall effect of storage
conditions, it was observed that colour scores
were retained higher (7.64) in refrigerated
conditions as compared to ambient conditions
(7.07). The overall effect of packaging material
on colour scores of the product shows that it was
retained higher (7.62) in and ALPV as compared
gunny bags (7.02). The data in Fig. 4(b) highlight
a general decrease in texture scores of
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anardana. The texture scores of anardana
decreased from 8.30 to 7.36, retained higher
(7.99) in refrigerated storage conditions and
lower (7.73) in ambient storage conditions. The
higher (8.07) and lower (7.69) texture score were
recorded in anardana packed in ALPV and gunny
bags, respectively while comparing the overall
effect of packaging materials on texture score.
The data presented in Fig. 4(c) reveal that there
was a significant decrease in flavour scores of
anardana from 7.90 to 6.71. While comparing
overall effect of storage conditions, it was
observed that flavour scores were retained
higher (7.58) in refrigerated conditions as
compared to ambient conditions (7.07). The
overall effect of packaging material on flavour
scores of the product shows that it was retained
higher (7.63) in ALPV as compared gunny bags
(6.99). The data in Fig. 4(d) highlight a general
decrease in overall acceptability scores of
anardana from 8.07 to 6.90, retained higher
(7.74) in refrigerated storage conditions and
lower (7.29) in ambient storage conditions. The
higher (7.77) and lower (7.23) overall
acceptability scores were recorded in anardana
packed in ALPV and gunny bags, respectively
while comparing the overall effect of packaging
materials on overall acceptability scores during
storage.

The colour scores of anardana exhibited
significant decrease during storage which might
be due to the loss of natural colour pigments
including anthocyanins as a result of which
judges awarded the lower scores to the product
as compared to initial scores. Other reason could
be the development of browning pigments due to
NEB reactions. Significant decrease in texture
score of anardana might be due to the absorption
of moisture by the product leading to the
softening of the product. The flavour scores of
the anardana have decreased significantly during
storage which could be due to the loss of various
chemical constituents and changes in sugar-acid
blend. The overall acceptability scores of
anardana exhibited significant decrease during
storage which might be due to reduction in colour
intensity, distortion/disruption of texture and loss
of flavour compounds of the product during
storage. The sensory characteristics scores were
retained maximum in ALPV could be due to the
favourable conditions inside the pouch as a
result of its better barrier properties to light,
oxygen and moisture and thus helped the
anardana to retain good colour, texture and
flavour restricted the exchange of gases to
preserve the flavour of the product and
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consequently retained the higher scores of
overall acceptability of the product. Product
stored under refrigerated temperature conditions
retained maximum sensory scores as a result of
controlled humidity conditions and slower rate of
degradation reactions under low temperature
conditions. The above results for the sensory

findings of Bhat et al. [23] in anardana packed in
ALP under ambient and refrigerated temperature
conditions, Sharma and Thakur [24] in anardana
in ALP and PEP stored under ambient
temperature conditions and Grande et al. [28] in
anardana from Ganesh cultivar packed in
polyethylene pouch stored under ambient

characteristics are in accordance with the temperature conditions.
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Fig. 3(a-n). Effect of storage on the physico-chemical characteristics of anardana prepared

under solar tunnel drier

(T1: Gunny bags, T2: Aluminium laminated pouch and T3: Aluminium laminated pouch with vacuum; Error bars
indicates standard error of the average; a. Moisture, b. Water activity, c. TSS, d. Titratable acidity, e. Reducing
sugars, f. Total sugars, g. Ascorbic acid, h. Anthocyanins, i. Starch, j. Total fibres, k. NEB, I. HMF, m. Furfural

and n. Residual SO5)
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Fig. 4(a-d). Effect of storage on the sensory characteristics scores of anardana prepared under
solar tunnel drier
(T1: Gunny bags, T,: Aluminium laminated pouch and Ts: Aluminium laminated pouch with vacuum; M: Months;
Amb.: Ambient and Ref.: Refrigerated; a: Colour, b: Texture, c: Flavour and d. Overall acceptability)

s T o el _
/ .
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-~

Fig. 5. Condition of anardana prepared under solar tunnel drier after 12 months of storage
(a: Refrigerated storage and b: Ambient storage
(ALP: Aluminium laminated pouch)

ALP with vacuum ALP Gunny bags

4. CONCLUSION solar tunnel drier packed in gunny bags
and stored under ambient temperature condi-

The anardana prepared in solar tunnel drier can  tions turned brown at the end of storage period.

be stored safely for a period of 12 months under

both storage conditions and packaging materials. CONSENT

The best quality of anardana was retained in ALP

with vacuum which was stored under refrigerated  Informed consent was obtained from all

storage conditions as compared to ALP and individual participants involved in the study for

gunny bags. However, the anardana prepared in ~ sensory analysis.
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