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Abstract

The dried arils (anardana) prepared from wild pomegranate fruits (Punica granatum L.)
are widely used as an acidulant in culinary purposes and in formulations of various ayur-
vedic medicines which are helpful in curing a number of ailments. As there is a wide vari-
ation among the quality of fruits which is due to geographic conditions, climatic factors
and genetic variability so anardana was prepared from the fruits of different locations
under different drying modes. The prepared product was further compared for its physico-
chemical, antioxidant and sensory characteristics. Anardana prepared under mechanical
cabinet drier and solar tunnel drier was comparable in terms of its various quality charac-
teristics. While comparing the locations for the procurement of raw material, best quality
anardana in terms of various quality attributes like colour, TSS [(total soluble solids)
(40.35 °B)], total sugars (26.15 %), anthocyanins (37.97 mg/100 g), total phenols (176.46
mg GAE/100 g), flavonoids (39.45 mg QuE/100 g), antioxidant activity (69.53 %), starch
(2.87 %) and sensory characteristics was prepared from the fruits of Karsog location
(1265 meters above mean sea level) of Himachal Pradesh, India.
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Wild pomegranate (Punica granatum L.) belongs
to family Punicaceae and is one of the most im-
portant wild fruits of tropical and subtropical re-
gions. The wild form is widely distributed in Trans-
caucasia and Central Asia whereas, in India, it is
found in the hill slopes of Himachal Pradesh, Jam-
mu 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 (Ercisli et al.,
2011; Thakur et al., 2011; Thakur et al., 2018).
The arils of wild pomegranate are rich in various

organic acids, sugars, anthocyanins, phenols,
ascorbic acid, anti-oxidants and minerals
(Tehranifar et al., 2010; Thakur et al., 2018). Wild
pomegranate fruit is also one of the important
sources of anti-oxidants which help in the preven-
tion of neurodegenerative disorders (Kashyap et
al., 2017; Thakur et al., 2018; Thakur et al., 2019).
The pomegranate extracts are widely used for
curing wide variety of ailments like inflammations
and indigestion, vomiting, sore throat, brain dis-
eases, spleen complaints, chest troubles, scabies,
bronchitis, liver and kidney disorders (Kirtikar and
Basu, 1935; Kalaycioglu and Erim, 2017).
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The wild pomegranate fruits are highly acidic in
nature and due to intense sourness it is not fit for
fresh consumption. So it is processed into a value
added dried product known as anardana (dried
arils) which is used as an acidulant in culinary
purposes. Anardana is also a good source of vita-
mins and minerals besides improving the mouth
feel of the food and digestion (Kingsly et al.,
2006). This dried form of fruit is sold worth in
crores of rupees at various markets throughout
the country and abroad (Bakshi et al., 2013). Due
to varying geographic conditions, climatic factors
and genetic variability there is a wide variation in
physico-chemical characteristics of wild pome-
granate fruits. So present studies were carried out
to prepare anardana under different drying modes
viz. mechanical and solar tunnel drier and com-
pare its various quality characteristics. Further no
work has been carried out on antioxidant proper-
ties of anardana. Therefore, studies on antioxidant
properties were undertaken to evaluate antioxi-
dant potential of the anardana prepared from the
wild pomegranate (P. granatum L.) fruits procured
from different locations of Himachal Pradesh.

MATERIALS AND METHODS

Collection of fruit and chemicals: Wild pome-
granate (P. granatum) fruits were procured from
four locations as per the details given in Figure 1.
The fruits were further used for aril extraction and
the chemicals used during the entire study were
procured from local market.

Preparation of dried arils (anardana): Wild
pomegranate arils were extracted and pre-treated
as per the method suggested by Thakur et al.
(2010), where arils were steam blanched for 30
seconds followed by sulphuring with 0.30 per cent
sulphur powder for 60 minutes in sulphur fumiga-
tion chamber before carrying out the drying. The
pre-treated arils were spread on the perforated
steel trays of dimensions 76 x 56 cm in 0.50 cm
layer and dried in mechanical cabinet and solar
tunnel drier. The solar tunnel 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. Whereas, in
mechanical cabinet drier the pre treated arils were
dried at a constant temperature of 60 + 2 °C.
Quality attributes: The colour of arils was ob-
served visually by comparing with colour charts of
Royal Horticulture Society, London. Yield of dried
arils was calculated on per cent basis by dividing
the weight of dried arils by the weight of fresh ar-
ils. Moisture content, TSS, sugars, titratable acidi-
ty, ascorbic acid, anthocyanins, starch, NEB (non
enzymatic browning), HMF (hydroxyl methyl furfu-
ral) and furfural content of dried arils was deter-
mined according to Ranganna (2009). Water ac-
tivity of the dried product (anardana) was estimat-
ed by computer based digital water activity meter

(HW3; model, Rotronic International, Switzerland).
The pH of dried arils was determined by using a
digital pH meter (CRISON Instrument, Ltd, Spain).
Total fibres content was estimated by the method
given by Gould (1978). Total phenol content was
determined by Folin-Ciocalteu procedure given by
Singleton and Rossi (1965) and expressed as
mg/100 g of GAE (Gallic Acid Equivalent). The
total flavonoid content of fruit samples was esti-
mated according to the method of llahy et al.
(2011) and expressed as mg/100 g of QuE
(Quercetin Equivalent).

Antioxidant properties: One ml of sample was
taken which was further dissolved in 10 ml of
methanol and out of which 0.1 ml of methanolic
extract was taken for the estimation. DPPH (2,2-
diphenyl-1-picrylhydrazyl) was used as a source
of free radical and free radical scavenging activity
was measured as per the method of Brand-
Williams et al. (1995) which was expressed as per
cent. Metal chelating activity in terms of per cent
chelation was determined according to method of
Dinis et al. (1994). FRAP (ferric reducing antioxi-
dant power) assay was estimated as per the
method of Benzie and Strain (1996) and ex-
pressed as UM Fe?/100 g. The method of Oktay
et al. (2003) was used for the measurement of
reducing power and absorbance of the extract at
700 nm was considered as a measurement of
reducing power.

Sensory evaluation: The sensory evaluation of
prepared dried aril samples was carried out by
hedonic rating test as given by Amerine et al.
(1965). Sensory evaluation of anardana was con-
ducted to assess the consumer acceptance and
panel of ten judges (Faculty members and stu-
dents of the Department of Food Science and
Technology) was selected to evaluate the product
for various sensory characteristics like colour, tex-
ture, flavour and overall acceptability on a 9 point
hedonic scale. Sensory evaluation was done at
ambient temperature conditions and the mean
score of all attributes was used to draw overall
acceptability of the product. (Kumar et al., 2018).
Statistical analysis: The data on physico-
chemical characteristics of dried arils were ana-
lyzed by completely randomized design (CRD
factorial). The data pertaining to the sensory eval-
uation of dried wild pomegranate arils were ana-
lyzed by randomized block design (RBD). Data on
physico-chemical and sensory characteristics of
dried arils during the study were replicated five
times.

RESULTS AND DISCUSSION

Quality attributes

Visual colour: The data presented in Table 1
show that visual colour of anardana prepared from
the fruits of different locations and drying modes
was observed as Red group. The higher intensity
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Table 1. Visual colour of anardana*.

Location Drying mode

Cabinet drier  Solar tunnel drier
Narag Red 45D Red 45D
Karsog Red 46 B Red 46 A
Basantpur Red 45B Red 46 B
Darlaghat Red 47 B Red 47 A

*Colour card number of Royal Horticulture Society,
London

of red colour observed in anardana prepared in
mechanical cabinet drier might be due to faster
and controlled drying conditions as compared to
solar tunnel drier. These conditions might have
led towards better retention of colour pigments
like anthocyanins and less browning in mechani-
cal cabinet dried arils as compared to solar tunnel
dried arils. The more intense colour (Red 46 B
and A) of anardana observed in Karsog location
might be due to higher content of anthocyanins in
the fruit as compared to other locations. Almost
similar results of colour of anardana have been
reported by Bhat et al. (2014) and Sharma and
Thakur (2016a) in mechanical cabinet and solar
tunnel dried arils.

Yield and moisture: Data appended in Fig. 2a
indicate that higher yield of anardana was ob-
served in solar tunnel drier as compared to me-
chanical cabinet drier and among different loca-
tions it was found highest in Narag location and
lowest in Basantpur location. The higher yield of
anardana observed in solar tunnel drier might be
due to the retention of higher moisture content in
dried product. The higher moisture content was
observed in anardana dried in solar tunnel drier as
compared to mechanical cabinet drier. The high-
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est moisture content of anardana prepared from
wild pomegranate fruit of different locations was
observed in Basantpur location and lowest in Na-
rag location. The lower moisture content observed
in the mechanical cabinet dried arils might be due
to the constant drying under controlled tempera-
ture conditions inside the mechanical cabinet drier
as a result of which fast and efficient moisture re-
moval occurred as compared to other solar tunnel
drier, where fluctuating temperature conditions led
to the higher moisture content. Similar trend of
results of yield and moisture content of anardana
has been reported by Sharma and Thakur (2016b)
and Sharma et al. (2013) in anardana prepared in
mechanical cabinet and solar tunnel drier.

TSS and water activity: An appraisal of data on
TSS content of anardana (Fig. 2b) show that high-
er TSS of anardana was observed in mechanical
cabinet drier as compared to solar tunnel drier.
The anardana prepared from wild pomegranate
fruits of different locations reveals that it was found
maximum in Karsog location and minimum in Na-
rag location. The higher TSS content of anardana
observed in mechanical cabinet drier might be due
to lower moisture content leading to more concen-
tration of TSS as compared to solar tunnel drier.
The other reason for higher TSS in mechanical
cabinet dried arils might be due to the minimum
involvement of various soluble constituents in vari-
ous chemical reactions as a result of faster rate of
drying as compared to solar tunnel drier. The max-
imum TSS of anardana observed in Karsog loca-
tion might be due to the maximum initial values of
TSS in fruits as compared to others. The lowest
water activity of anardana prepared from wild pom-
egranate of different locations was found in Narag

HIMACHAL PRADESH

Hamirpur . i{‘ .
Una «3 >4 N
Bilaspur
: z'@(ﬂ

’! 3 SIRMAUR: Narag (1130 m)
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Fig. 1. Elevation map of the selected locations for procurement of wild pomegranate fruits (Image adapted from

Jaswal et al., 2015).
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Fig. 2(a-f). Physico-chemical characteristics of anardana prepared from the fruits of different locations under
various drying modes (T,: Mechanical cabinet T, and Solar tunnel drier; L;: Narag, L,: Karsog, Lz: Basantpur

and L4: Darlaghat).

location and highest in Basantpur location. Among
both drying modes, the lower water activity was
recorded in mechanical cabinet drier which might
be due to constant drying under controlled tem-
perature conditions inside the mechanical cabinet
drier as a result of which fast and efficient mois-
ture removal occurred as compared to solar tun-
nel drier. Similar trend of results of TSS of anarda-
na has been reported by Bhat et al. (2014) and
More et al. (2017) in mechanical cabinet and solar
tunnel dried arils.

Total sugars and reducing sugars: Perusal of
the data given in Fig. 2c reveal that higher total
and reducing sugars content was observed in me-
chanical cabinet drier as compared to solar tunnel
drier. The overall effect of locations shows that the
sugars content was found maximum in Karsog
location and minimum in Narag location. The high-
er total and reducing sugars content of anardana

in mechanical cabinet drier might be due to the
lower initial moisture content leading to more con-
centration of the sugars in the end product. The
other possible reason for this might be due to re-
duced rate of involvement of reducing sugars in
various chemical reactions including browning
because of the faster drying and lower moisture
content in mechanical cabinet drier. Similar trend
of results of total and reducing sugars of anardana
has been reported by Sharma et al. (2013), Bhat
et al. (2014), Sharma and Thakur (2016a) and
Sharma and Thakur (2016b) in mechanical cabi-
net and solar tunnel dried arils.

Titratable acidity and pH: The overall effect of
drying modes given in Fig. 2d shows that higher
acid and lower pH of anardana was observed in
mechanical cabinet drier as compared to solar
tunnel drier. The highest acid and lowest pH of
anardana prepared from wild pomegranate fruits
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Fig. 2(g-j). Physico-chemical characteristics of anardana prepared from the fruits of different locations under
various drying modes (T;: Mechanical cabinet and T,: Solar tunnel drier; L,: Narag, L,: Karsog, Ls: Basantpur

and L4 Darlaghat).

ET1 (Cabinet drier)

Sensory scores

OT2 (Solar tunnel drier)

Colour Texture

Ovwerall acceptability

Flavour

Fig. 3. Sensory characteristics scores of anardana prepared from the fruits of different locations under various
drying modes (T: Mechanical cabinet and T,: Solar tunnel drier; L,: Narag, L,: Karsog, Ls: Basantpur and L4
Darlaghat) (error bars indicates standard deviations of the average).

was found maximum in Darlaghat location where-
as, the lowest acid and highest pH was observed
in Narag location. The higher acid and lower pH
was recorded in mechanical cabinet drier which
might be due to lower initial moisture content lead-
ing to higher concentration of acids in anardana.
The other possible reason for this might be due to
reduced rate of involvement of acids in various
browning reactions because of the faster drying
and lower moisture content in mechanical cabinet
drier. The highest acid and lowest pH of anardana
observed in Darlaghat location might be due to
high acid content in fruits as compared to others.

The results obtained for acid content and pH of
anardana are near to those reported earlier by
Kingsley et al. (2006) and Sharma and Thakur
(2016b) in mechanical cabinet and solar tunnel
drier.

Ascorbic acid and anthocyanins: An appraisal
of data given in Fig. 2e reveal that higher ascorbic
acid and anthocyanins content of anardana was
observed in mechanical cabinet drier and lower in
solar tunnel drier. The ascorbic acid content of
anardana was found maximum and minimum in
Basantpur and Darlaghat location, respectively.
The anthocyanins content of anardana was ob-
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served maximum in Karsog location and minimum
in Narag location. The maximum retention of
ascorbic acid and anthocyanins content in cabinet
dried arils might be due to the controlled drying
conditions in mechanical cabinet drier and non
exposure of arils to intermittent drying cycles and
fluctuating temperatures as experienced by the
arils in solar tunnel drier. The other reason for the
same might be due to lower moisture content
leading to more concentration of ascorbic acid
and anthocyanins in the end product. The highest
ascorbic acid and anthocyanins content of anar-
dana observed in Basantpur and Karsog locations
might be due to higher initial values in fruits as
compared to others. Above results for ascorbic
acid and anthocyanins content are comparable to
the findings of Kingsley et al. (2006), Bhat et al.
(2014) and Sharma and Thakur (2016b) in anar-
dana prepared in mechanical cabinet and solar
tunnel drier.

Starch and total fibres: Perusal of the data on
starch content (Fig. 2f) of anardana reveal that the
higher starch content of anardana was observed
in mechanical cabinet drier as compared to solar
tunnel drier. Among different locations it was
found maximum in Karsog location and minimum
in Narag location. The higher total fibres content
of anardana was observed in mechanical cabinet
drier as compared to solar tunnel drier. The total
fibres content of anardana was found maximum in
Karsog location and minimum in Narag location.
The higher content of starch and total fibres in
anardana recorded in mechanical cabinet drier
might be due to lower moisture content leading to
more concentration of starch and total fibres in
end product. The maximum starch and total fibres
content of anardana recorded in Karsog location
might be due to the maximum initial values in
fruits as compared to others. Nearly similar trend
of results for starch content of anardana have
been reported by Sharma and Thakur (2016b).
Total phenols and total flavonoids: An apprais-
al of data given in Fig. 2g reveals that higher total
phenol and flavonoid content of anardana was
observed in mechanical cabinet drier as com-
pared to solar tunnel drier. The arils dried in me-
chanical cabinet drier had more phenols which
might be due to the involvement of phenols in en-
zymatic reactions to a lesser extent because of
fast drying as compared to solar tunnel drying.
The maximum retention of total flavonoids in me-
chanical cabinet dried arils might be due to con-
trolled drying conditions in mechanical cabinet
drier and no exposure of arils to intermittent drying
cycles and fluctuating temperatures as experi-
enced by the arils in solar tunnel drier. Among
different locations the total phenol content was
found maximum in Karsog location and minimum
in Darlaghat location. The total flavonoids content
of anardana was found maximum in Karsog loca-

tion and minimum in Narag location. The highest
total phenol and flavonoid content of anardana
observed in Karsog location might be due to the
higher initial content in the fruits of respective lo-
cation. Similar trend of results of total phenols of
anardana has been reported by Bhat et al. (2014),
Sharma and Thakur (2016a) and Sharma and
Thakur (2016b) in mechanical cabinet and solar
tunnel dried arils.

Antioxidant properties: Data pertaining to vari-
ous antioxidant properties of anardana prepared
from wild pomegranate fruits of different locations
under various drying modes (mechanical cabinet
and solar tunnel drier) is presented in Fig. 2h and
2i. The higher antioxidant values were observed in
arils dried in mechanical cabinet drier as com-
pared to solar tunnel drier. The maximum values
for various antioxidant properties of anardana in
cabinet drier might be due to the better stability of
various antioxidant compounds during faster and
continuous drying as compared to solar tunnel
drier. The fast drying rate reduced the exposure
time of arils for various chemical and oxidation
processes leading to higher antioxidant properties
in mechanical cabinet dried arils. Among different
locations the highest DPPH antioxidant activity,
FRAP and reducing power was found maximum
in Karsog location Metal chelating activity of anar-
dana prepared from wild pomegranate fruits was
found highest in Basantpur location followed by
Karsog location. The maximum values for the anti-
oxidant properties of anardana observed in
Karsog location might be due to the higher initial
values of various antioxidants compounds like
ascorbic acid, total phenols, anthocyanins and
total flavonoids in the fruits of this location as com-
pared to others.

NEB, HMF and furfural: The NEB (in terms of
optical density) of wild pomegranate arils dried in
mechanical cabinet drier was observed as 0.040
(L4), 0.042 (L,), 0.045 (L3) and 0.041 (L4) whereas,
a higher values of NEB as 0.085 (L4), 0.090 (L),
0.095 (Ls) and 0.091 (L4) were observed in solar
tunnel dried samples. The lower NEB of anardana
observed in mechanical cabinet drier might be due
to fast drying rate and uniform drying which mini-
mized the chances of oxidative and non-
enzymatic degradation along with the formation of
polymerization products which are ultimately re-
sponsible for browning. Data presented in Fig. 2j
reveal that lower HMF and furfural of anardana
was observed in mechanical cabinet drier as com-
pared to solar tunnel drier. Among different loca-
tions the HMF and furfural content was recorded
minimum in Narag location and maximum in
Basantpur location. Arils dried in the mechanical
cabinet drier recorded the lowest values for HMF
which might be due to slower degradation of hex-
ose sugars to form HMF because of efficient mois-
ture removal and fast drying of arils under con-
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trolled conditions of temperature. The anardana
prepared in mechanical cabinet drier recorded the
lowest values for furfural which might be attributed
to the inhibition of polymerization of ascorbic acid
to form furfural because of lowering the moisture
of arils through efficient moisture removal and fast
drying of arils under controlled conditions of tem-
perature. The above results for NEB, HMF and
furfural content of anardana were in conformity
with the finding of Singh and Kingsley (2008),
Singh and Dayal (2011), Bhat et al. (2014) and
Sharma and Thakur (2016a) in mechanical cabi-
net and solar tunnel dried arils.

Sensory characteristics: Data presented in Fig.
3 reveal that highest sensory scores for colour,
texture, flavour and overall acceptability were ob-
tained in anardana dried in cabinet drier as com-
pared to solar tunnel drier. Among different loca-
tions these scores were obtained highest in
Karsog location and lowest in Narag location. The
higher colour score observed in cabinet dried arils
might be due to faster drying rate which minimized
the browning of dried arils as a result of which
judges awarded higher scores of colour as com-
pared to solar tunnel dried arils. The highest col-
our score of anardana obtained in Karsog location
might be due to high initial colour pigment in the
fruit as compared to others. The higher texture
score of anardana in mechanical cabinet drier
might be due to the low moisture content in the
arils which might have provided better texture to
the end product and consequently judges award-
ed the higher texture scores. The higher flavour
score in mechanical cabinet dried arils might be
due to better retention of sugars, acid and other
chemical constituents in the product which led the
judges to award the higher flavour scores. The
highest flavour score of anardana obtained in
Karsog location might be due to better blend of
acid and sugars observed by the judges in the
product as compared to others. The reason of
best score of overall acceptability in mechanical
cabinet dried arils might be due to better combina-
tion of colour, texture and flavor constituents of
anardana in this drier, thereby improving the over-
all acceptability score. The drying under controlled
temperature conditions in mechanical cabinet dri-
er reduced the drying time and therefore lowered
the moisture content of cabinet dried arils and
helped in preventing deteriorative chemical reac-
tions like Maillard and other associative reactions
due to which maximum overall acceptability score
was awarded by the judges. The better combina-
tion of colour, texture and flavour of anardana in
Karsog location might have led towards higher
overall acceptability score in this location. Nearly
similar trend of results for the sensory characteris-
tics of anardana have been reported by Thakur et
al. (2010), Bakshi et al. (2013), Bhat et al. (2014),
Sharma and Thakur (2016a), Sharma and Thakur

(2016b) and More et al. (2017) in mechanical cab-
inet and solar tunnel drier.

Conclusion

The anardana prepared from wild pomegranate
fruits (Punica granatum) in mechanical cabinet
drier was rated better in terms of various quality
attributes as compared to solar tunnel drier. The
quality attributes like colour, TSS, sugars, antho-
cyanins, total phenols, flavonoids and antioxidant
activity were observed higher in anardana in
Karsog location. In this location the sensory
scores of anardana were also obtained highest
among all the locations. Thus, it was concluded
that anardana prepared from the fruits of Karsog
location under mechanical cabinet drier was found
to be better on the basis of various quality attrib-
utes (TSS, sugars, anthocyanins, total phenols,
flavonoids and antioxidant activity) and sensory
characteristics (colour, texture flavour and overall
acceptability) as compared to other locations.
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