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Abstract Effect of four different cultivars and salt pre-
treatment on drying of Amla (Emblica officinalis) gratings
were studied. Quality attributes namely, ascorbic acid, total
phenolic content, antioxidant activity and colour were
evaluated for dried (using Cabinet tray dryer at 55 + 2 °C
for 8 h) and stored (refrigerated, ambient and accelerated
condition) samples of four cultivars (Krishna, Kanchan,
NA-7 and Chakaiya). Salt pretreated dried samples showed
better retention of nutrients and colour as compared to
untreated. Retention of ascorbic acid, total phenolic content
and antioxidant activity (ICsqy value) in pretreated dried
samples were in the range of 79.51-84.89%,
176.5-220.3 mg GAE/g db and 9.48 to 17.74 mg/pl,
respectively. Colour retention was also found to be better
in salt pretreated samples. Ambient storage condition
resulted in higher retention of ascorbic acid and colour
compared to accelerated condition. Taking into consider-
ation, the nutritional value of the fresh Amla, ability to
retain nutritional value and color during drying and storage,
NA-7 cultivar Amla (pretreated with 1% salt, tray dried at
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55 °C for 8 h) is the most suitable for preparation of Amla
powder. The method developed in the present work is
devoid of blanching step and found to be effective in
retaining the nutrients during drying and storage and can be
employed also for drying of similar fruits and vegetables.

Keywords Amla grating - Salt pretreatment - Drying -
Ascorbic acid - Colour - Principal component analysis

Introduction

Amla, also known as Indian gooseberry (Emblica offici-
nalis), is an important fruit crop widely grown in the var-
ious region of Indian sub-continent. It is commonly used in
Ayurveda and Unani systems due to its therapeutic values
(Agrawal and Chopra 2004). Amla is one of the excellent
sources of vitamin C containing about 20 and 160 times
more vitamin C as compared to orange and apple,
respectively (Mitra et al. 2008). Application of fresh Amla
is restricted due to its sour and strong astringent in taste
(Pareek et al. 2009) and short shelf life (Pathak et al. 2009).
Therefore, it is consumed in various processed forms out of
which dehydrated powder (Karla 1988; Deka et al. 2001;
Tripathi et al. 1988) is in very high demand. Drying is one
of the oldest and most widely used techniques in the food
industry to prolong the shelf life of fruits and vegetables. It
extends the shelf life of food products by reducing the
water activity to the level at which microbial growth and
deterioration reactions are minimum. In addition, drying
also saves packaging, storage and transportation costs by
substantially reducing the volume (Okos et al. 1992).
Attention towards nutritionally superior food with higher
shelf life has increased in the 21st century after problems
related to basic food needs of human beings such as health
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and food security came to the fore. In the present condition,
a dried powder should not only have a higher shelf life but
also are expected to have high nutritional value. It is
unavoidable to stop reduction in the nutritional value of a
sample during drying. The challenge is to what extent the
nutritional value can be retained even after drying. There
are three possible ways for achieving this (a) Using the
most suitable drying method which is mild enough to retain
as much as nutrients as possible besides being suitable to
be operable on a large scale. (b) Selecting a cultivar that
exhibits higher nutritional value and nutrient retention
ability during drying. (c) A suitable pretreatment which
promotes the retention of nutrients during drying.

The conventional method for processing Amla is
blanching, followed by solar drying. Hot water or steam
blanching of raw material inactivates enzymes (responsible
for changes in colour and flavor) thereby making the dried
product more shelf-stable (Tembo et al. 2008). However,
blanching process has few disadvantages such as leaching
of colour and nutrients (Lavelli et al. 2007), quality dete-
rioration (Gornicki and Kaleta 2007), and environmental
problems (Bomben 1977). Sun drying, the most economi-
cal traditionally practiced method offers a few disadvan-
tages such as dependence on weather condition and
requirement of long drying time besides the susceptibility
of the product to contamination due to exposure to the open
atmosphere (Akbulut and Durmug 2009). Alternatively,
solar dryers improve the quality of products, but the major
problem with this technique is the limited availability of
solar radiation and problems with the large scale adaptation
of the technique. Cabinet tray drying can, to a great extent
overcome the disadvantages mentioned above, as it is rel-
atively fast, more hygienic and offers uniform drying
(Kingsly et al. 2007; Doymaz 2004). Irrespective of the
drying method used, it is unavoidable to stop reduction in
the nutritional value of a sample during drying. The chal-
lenge is to what extent the nutritional value can be retained
even after drying. Subjecting the fruit/Amla to pretreatment
is a possible method to prevent colour and nutrition loss
(by inactivating enzymes), reduce the drying time (by
changing its structure) thereby resulting in the good quality
dried product (Kingsly et al. 2007). Kadam et al. (2006)
studied the effect of blanching followed by addition of
different additives (sodium chloride, potassium meta-
bisulphite, sodium benzoate) at various concentration
(0.5-1.5%) on solar drying of cauliflower florets. Gudapaty
et al. (2010) studied the quality characteristics of Amla
fruits which were pretreated with hot water followed by
osmotic dehydration with 2% hypertonic solution of salt
and dried in a liquid petroleum gas drier. These studies
reported that pretreatment improves quality as well as the
drying rate of food products. However, reports on the
drying of different cultivars of pretreated Amla grating

without blanching is not available. Work reported till date
does not involve selection of the most suitable cultivar,
which involves judicious selection made based on the
values of proximate analysis, nutritional analysis, colour
analysis is scarce. Further, the ability of dried samples of
different cultivars to retain these parameters during drying
(both untreated and pretreated) besides during storage at
different conditions is not reported to the best of our
knowledge.

Accordingly, the objective of the present study is to
evaluate the most suitable cultivar for the production of
Amla powder by measuring the physico-chemical quality
and colour of Amla. The ability of the untreated and pre-
treated cultivars to retain these physico-chemical qualities
during both drying and storage (at refrigerated, ambient
and accelerated conditions) is evaluated.

Materials and methods
Materials

The mature Amla fruit of four cultivars viz. Kanchan,
Krishna, NA-7 and Chakaiya were procured from the
University of Horticultural Sciences, Bagalkot, Karnataka,
India. Gallic acid, methanol, FC reagent, 2-2 Diphenyl-1
Picrylhydrazyl (DPPH), 2-6 di chlorophenol indophenols,
all other chemicals used were of analytical grade and
procured from Sigma-Aldrich, India.

Methods
Pretreatment of Amla

Four cultivars of Amla were thoroughly cleaned in running
tap water to remove dirt and extraneous matter as well as to
reduce the microflora present on the surface. The cleaned
fruit was then grated using an electrically operated grating
machine, designed and developed at the Department of
Food Engineering, CFTRI Mysore, India. The grated Amla
shreds were divided into 2 parts, and based on preliminary
trials one part was mixed with 1% common salt (referred as
pretreated), and the other was without treatment (referred
as untreated).

Drying

Untreated and pretreated grated Amla samples were sub-
jected to drying for 8 h using cabinet tray dryer at a tem-
perature of 55 £ 2 °C. The sample was spread as a thin
layer of about 2 mm thickness in all the trays. The dryer
consisted of 24  aluminum  trays of  size
(800 x 400 x 30 mm) with temperature control and was
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fitted with a centrifugal fan for air circulation at velocity
1.2 m/s speed inside the drying chamber. Preliminary
drying studies had shown that 8 h of drying yields opti-
mally dried gratings (data not presented). At the end of 8 h,
the trays were removed, samples were allowed to cool to
room temperature and then packed in HDPE pouches
before storing at 4 °C.

Proximate analysis
Estimation of moisture content

Moisture content was estimated using IR moisture meter
(HMB100, Wenser, Chennai, India). Sample (2 g) was
weighed into an aluminium pan and heated to 80 °C (IR)
untill no loss in weight was noticed. The moisture content
of samples was expressed in terms of % weight basis (wb)
(Chandralekha et al. 2016, 2017).

Estimation of protein

The protein content was determined using Nitrogen ana-
lyzer (Thermo Flash 2000). Sample (250 mg) was taken in
aluminium cup and subjected to digestion in Nitrogen
analyzer. Total nitrogen content was determined in per-
centage. Protein (%) was calculated using the conversion
factor (Nitrogen content % x 6.25).

Estimation of fat and crude fiber

Fat content Sample (5 g) was taken into a pre-weighed
thimble and refluxed with petroleum ether (40-60) using a
Soxhlet extraction apparatus for 6 h. The solvent from the
extract was evaporated and residual solvent was removed
in a stream of hot air (AOAC 200). Fat content was cal-
culated by the following Eq. (1)

(S2 —81)

Far (%) = S

x 100 (1)
where S = Weight of initial sample (g); S; = Weight of
empty flask (g); S, = Weight of the flask with oil (g).

Crude fiber Residue obtain after fat extraction was taken
for the determination of crude fiber using Fiberaplus
(FES6, Pelican equipment, India).

Estimation of ash content
Sample (5-10 g) was taken into silica dishes and kept in a
muffle furnace (at 525 °C) for 6 h. After cooling the

samples to room temperature in a desiccator, the residue
was weighed (AOAC 2005).

@ Springer

Determination of carbohydrate

Carbohydrate content of the sample was calculated by the
difference method using the following Eq. (2)

Carbohydrate (%) = [100 — (%oMoisture + %Ash

2
+%Fat + %Protein + %Fibre)) @

Colour measurement

Colour of the all samples was measured using a
Colorimeter (CM-5, Konica Minolta, Japan) and values
were expressed as colour space coordinates, namely, L*, a*,
and b" values. L" represents lightness/darkness of the
product; + a’ redness, — a’ greenness; + b" yellowness, —
b" blueness and AE represents the total colour difference
between fresh and dried samples, which was calculated by
following Eq. (3).

AE =\ (L — L)+ (a — a) (b — b°)? 3)

where the subscript “0” denotes the colour space coordi-
nates of the fresh Amla.

Estimation of ascorbic acid content

Ascorbic acid content was estimated by the 2, 6-
dichlorophenol-indophenol visual titration method (Ran-
ganna 1986). The sample (10 g) was mixed with 3%
metaphosphoric acid, filtered using a muslin cloth, and
made up to 100 ml. Then aliquot (5 ml) was transferred to
a 100 ml conical flask and titrated against dye till a light
pink colour appeared, which retains for at least 15 s.
Vitamin C was expressed as mg of ascorbic acid/100 g of
the sample and estimated using the following Eq. (4)

mg of ascorbic acid/100 g
B Titre x Volume made up x 100 4)
~ Aliquot extract taken x weight of a sample

Estimation of total polyphenol content

Extraction was carried out using Kumari and Khatkar
(2016) method with slight modification. Fresh (5 g) and
dried sample (1 g) of each cultivar of Amla was extracted
with (1:25, w/v) in 70% methanol. The samples were
heated for 30 min at 60 °C in a water bath followed by
centrifugation for 10 min at 5000x g. Then the supernatant
was collected and stored at 4 °C further use.

Total phenolic content (TPC) was measured according
to the procedure detailed by Mishra et al. (2015). A volume
of 60 pl of supernatant was taken in a test tube, and 300 pl
of Folin-Ciocalteu reagent was added to this solution and
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allowed to react for 6 min at room temperature (25-30 °C).
Then, 900 pl of 20% sodium carbonate solution was added,
and the final volume was made up to 6 ml with distilled
water. The mixture was kept in the dark for 60 min, and
absorbance was taken at 765 nm using spectrophotometer
(UV-1800, Shimadzu, Japan). A standard curve was drawn
using graded concentration (0-100 ppm) of gallic acid
standard. The concentration of total polyphenols was cal-
culated by referring to the standard curve and expressed as
mg GAE/100 g dry matter (DM). All experiments were
carried out in triplicate, and average values were reported.

Estimation of Free radical scavenging activity

The DPPH Free radical scavenging activity of the samples
was estimated according to the procedure detailed by Liu
et al. (2008) with some modification. 1 ml of extract was
added to a test tube containing 2 ml of 0.15 mM DPPH
radical prepared in ethanol. The reaction mixture was
mixed vigorously for 20-30 s and kept for 20 min in the
dark at room temperature. The absorbance was measured at
517 nm using spectrophotometer (UV-1800, Shimadzu,
Japan). The control sample was prepared, as above, by
replacing extract with 70% ethanol (v/v). The percentage
inhibition of the DPPH radical was calculated by using
following Eq. (5)

Radical scavenging activity (%)
Absorb
_ [ _ Absorbancesampie| o (5)
Absorbance ool
The ICsq value is defined as the concentration of sub-
strate required to bring 50% scavenging activity of the
DPPH radicals. It was calculated from the graph showing
radical scavenging activities (%) against concentration
(30-180 pl). Gallic acid was used as positive control and
results are expressed as ICsy (mg/ml).

Storage study

100 g of each sample was packed in HDPE pouches of 150
gauge and stored under refrigerated (4 & 1 °C), ambient
(27 £ 1 °C, 65% RH) and accelerated (37 = 1 °C, 92%
RH) conditions. The stored samples withdrawn after
60 days were analysed for changes in colour and ascorbic
acid content.

Statistical analysis

The inter-relationship among the various cultivars and the
quality attributes was determined by using the methodol-
ogy of principal component analysis (PCA) (Lawless and
Heymann 2010). The quality attributes considered for PCA
were the ICs, ascorbic acid, total phenolic content and

colour parameters. The statistical software Minitab soft-
ware version 16 (Stat Soft, Tulsa, Ohio) was employed to
develop the biplot and perform associated analysis.

All statistical analyses were carried out in triplicate
results using the SPSS software (SPSS Ins., version 20).
Duncan’s Multiple Range Test (DMRT) was applied to
differentiate among the means of different cultivars and
treatments, and other attributes (Duncan 1955) at 95%
confidence level (p < 0.05).

Results and discussion

The overall plan of the work is presented in Fig. 1. The
selection of the most suitable cultivar has to be judiciously
made based on the values of proximate analysis, nutritional
analysis, colour analysis and their ability to retain these
parameters during drying (both untreated and pretreated)
besides during storage (at refrigerated, ambient and
accelerated conditions). Accordingly, these parameters
were analysed, and the results are discussed in terms of
content and retention (%) in the following sections.

Proximate analysis

The chemical composition of different cultivars of fresh
and dried grated Amla is presented in Table 1. Different
cultivars showed significant differences in the chemical
composition of fresh and dried samples. Moisture content
is essential to evaluate the quality of fresh fruits and veg-
etables as the shelf life of food products mainly depends
upon this parameter. Therefore, appropriate preservation
techniques must be applied to get a longer shelf life. The
moisture content of different cultivars was ranged from
85.63 to 87.68% wb for fresh samples. While dried samples
ranged from 11.51 to 13.89% wb and 11.30 to 12.48% wb
for untreated and pretreated, respectively. Dehydrated
pretreated samples except Krishna showed slightly lower
moisture content as compared to untreated samples.
Protein content was found maximum in NA-7 (3.61%)
followed by Krishna (3.34%), Chakaiya (3.25%) and
Kanchan (2.92%). The slight reduction was observed in
protein after drying in both untreated and pretreated sam-
ples. The fat content of fresh samples varied from 0.51 to
0.62%. After drying, a slight reduction of fat content was
found in untreated and pretreated samples ranged
(0.46-0.60%) and (0.42-0.54%), respectively. A signifi-
cant difference in fiber was observed among the fresh
samples, and the values were found in the range from 13.87
to 16.53%. Dried untreated and pretreated samples showed
a reduction in fiber which varied from 10.57 to 14.84% and
10.96 to 14.15%, respectively. Ash content of fruits and
vegetables could be directly related to mineral constituents.
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Fig. 1 Overall work plan

Amla
(Krishna, Kanchan, NA-7 & Chakaiya cultivars)

Grating

Untreated Salt Pretreated

1‘ Tray drying at 55 °C 1‘

Proximate Analysis

Colour Analysis
Nutrient Analysis

Table 1 Proximate composition of Amla gratings of different cultivars

Proximate
Analysis

\ 4

Colour
Analysis

|

Nutrient
Analysis

|

Storage Study

Refrigerated

condition

Ambient
condition

Accelerated
condition

Colour
Analysis

Nutrient
Analysis

Cultivars Moisture (%) Protein (%) Fat (%) Fiber (%) Ash (%) Carbohydrate (%)
Krishna F 85.63 £+ 1.16° 3.34 + 0.34 0.51 £+ 0.01¢ 14.87 &+ 0.318 241 £+ 0.11¢ 7291 + 0.84°
U 11.51 £ 0.13° 3.08 + 0.02% 0.49 + 0.02¢ 12.64 &+ 0.01¢ 2.17 + 0.02%° 81.49 + 0.05°
p 12.48 4+ 0.24% 2.50 + 0.02° 0.42 + 0.02° 12.14 4+ 0.02° 2.11 + 0.01* 82.69 + 0.03
Kanchan F 86.59 + 1.35%¢ 2.92 + 0.21¢ 0.65 + 0.01° 16.53 4+ 0.41 2.78 + 0.098 70.66 + 0.76
U 12.48 + 0.09% 2.63 + 0.01° 0.60 + 0.01° 14.84 4+ 0.018 2.67 + 0.03° 79.12 £ 0.01°
P 11.61 + 0.17° 2.10 + 0.02° 0.54 + 0.02¢ 14.12 + 0.01f 2.25 + 0.02" 80.86 + 0.02%
NA-7 F 87.68 + 1.47¢ 3.61 + 0.258 0.62 + 0.03° 15.23 & 0.33" 2.51 + 0.04° 7091 + 1.21*
U 12.51 4+ 0.03* 2.20 £ 0.02% 0.55 & 0.01° 13.61 &+ 0.02° 2.38 + 0.02¢ 81.12 + 0.02¢
P 11.30 + 0.08* 2.49 + 0.02¢ 0.47 & 0.01° 14.15 + 0.03" 2.31 £ 0.01° 80.45 + 0.02%
Chakaiya F 86.24 + 1.68° 3.25 4+ 0.14° 0.52 + 0.03¢ 13.87 & 0.13°F 227 + 0.07° 73.82 4+ 1.04°
U 13.89 + 0.07° 2.18 + 0.01° 0.46 + 0.02¢ 10.57 + 0.01° 2.24 +0.03" 84.39 + 0.048
p 11.50 4 0.14* 244 + 0.02% 0.42 + 0.02° 10.96 + 0.01° 2.09 + 0.01* 83.96 + 0.018

F fresh; U untreated; P pretreated; Values followed by different superscripts within each column are significantly different (p < 0.05)
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Ash content among fresh cultivars was found to be the
highest (2.78%) in Kanchan. Dehydrated samples had
slightly lower ash content compared to fresh. The carbo-
hydrate content among cultivars (fresh) was in the range
from 70.66 to 73.82% in which Chakaiya was having the
highest carbohydrate, followed by Krishna, NA-7 and
Kanchan. Dried untreated and pretreated samples showed
significantly higher in carbohydrate content, irrespective of
cultivars. Chakaiya untreated was found maximum carbo-
hydrate content with 84.39% among all dried samples.

Total phenolic content

According to literature, phenolic compounds are the main
reason for the antioxidant properties of Amla fruit and
retention of polyphenol content is an important criterion for
the quality of the Amla powder (Kumar et al. 2006). Effect
of pretreatment on retention of total polyphenol content
during drying was studied for different cultivars of Amla.
The TPC retention in case of fresh samples was taken as
control, and the cultivar that results in maximum retention
of TPC during drying (untreated and pretreated) samples
and the one which is close to that observed in fresh samples
was considered. For the selection of the best cultivar, both
TPC and its retention were considered. Total polyphenolic
content of different Amla cultivars (fresh) ranged from

239.6 to 274.3 mg GAE/g db (Fig. 2A). A significant dif-
ference (p < 0.05) was observed in TPC of different cul-
tivars except in Kanchan and Chakaiya. Among all the
cultivars, in case of TPC content in fresh samples, the
highest results were observed in NA-7 cultivar (274.3 g/
100 db) and the lowest in Krishna cultivar (239.6 g/100
db). The TPC content was in the decreasing order NA-7
(274.3 g/100  db) > Kanchan  (253.7 g/100  db) >
Chakaiya (248.6 g/100 db) > Krishna (239.6 g/100 db).
Variation in the polyphenol content might be due to dif-
ference in genetic, maturity stages and agronomic condi-
tions (Zheng and Wang 2001), and the difference in
polyphenoloxidase enzyme activity (Kumari and Khatkar
2018) among the cultivars.

Drying resulted in significant loss of total phenolic
content in all cultivars. Among all the cultivars, in case of
untreated samples, the highest TPC was observed in NA-7
cultivar (207.3 g/100 db, translating into retention of
75.57%). The TPC was in the decreasing order NA-7
(274.3 g/100  db) > Kanchan  (253.7 g/100  db) >
Chakaiya (248.6 g/100 db) > Krishna (239.6 g/100 db).
However, the retention ability of cultivar didn’t follow the
same order. The TPC retention ability of cultivars was in
the decreasing order NA-7 (75.57%) > Chakaiya
(71.20%) > Krishna (60.73%) > Kanchan (65.12%). It
can be seen that both in terms of TPC and TPC retention

300 o ~ 6
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Krishna Kanchan NA-7 Chakaiya

Fig. 2 Effect of cultivars and treatment on A total phenolic content (TPC); B ascorbic acid content; C ICs, values of DPPH scavenging activity
of dried Amla gratings. F fresh; U untreated; P pretreated; Different superscripts within figure are significantly different (p < 0.05)

@ Springer



986

J Food Sci Technol (March 2020) 57(3):980-992

ability, NA-7 (75.57%) variety was the best during
untreated drying. Alfaro et al. (2014) also observed a
reduction in total phenolic content of Murtilla fruit during
hot air drying at 65 °C.

Pretreated samples after drying showed higher
(176.5-220.3 mg GAE/g db) content as compared to
untreated samples (145.5-207.3 mg GAE/g db). In case of
NA-7, highest TPC of 220.3 g/100 db was observed, which
was the closest to the TPC observed in the fresh sample
(274.3 g/100 db). Among all the cultivars, in case of pre-
treated samples, the highest TPC was observed in NA-7
cultivar (220.30 g/100 db, translating into retention of
80.31% which is 4.74% higher retention than the untreated
samples). The TPC was in the decreasing order NA-7
(220.3 g/100 db) > Chakaiya (197.50 g/100 db) > Kan-
chan (192.80 g/100 db) > Krishna (176.50 g/100 db).
However, unlike untreated samples in case of pretreated,
the retention ability of cultivar followed the same order of
TPC. The TPC retention ability of cultivars was in the
decreasing order NA-7 (80.31% which is 4.74% higher
retention than the untreated samples) > Chakaiya (79.44%
which is 8.25% higher retention than the untreated sam-
ples) > Kanchan (76.00% which is 10.88% higher reten-
tion than the untreated samples) > Krishna (73.66% which
is 12.94% higher retention than the untreated samples). It
can be seen that both in terms of TPC and TPC retention
ability, NA-7 variety was the best during pretreated drying.

In case of all the cultivars, a significant retention of TPC
was observed in the pretreated samples compared to
untreated samples after drying which reiterates the positive
effects of pretreatment. The presence of high fiber content
in NA-7 variety allows the Amla to show higher tolerance
to the effect of temperature during drying, which in turn
results in higher TPC retention.

Ascorbic acid content

Similar to total polyphenol content retention, the effect of
pretreatment on ascorbic acid retention during drying was
studied. Effect of treatment on ascorbic acid content of
fresh and dried grated Amla is presented in Fig. 2B. The
ascorbic acid content of fresh samples was taken as refer-
ence (100%), and the cultivar that results in maximum
retention of ascorbic acid was determined by comparing
the results with that obtained from fresh samples. Cultivars
showed significant (p < 0.05) difference in the ascorbic
acid content of fresh Amla and the values varied in the
range from 4.21 to 5.06 g/100 g db. Among all the culti-
vars Krishna was observed to contain maximum ascorbic
acid content (5.06 g/100 db) followed by NA-7 (4.80 g/100
db).

Significant reduction in ascorbic acid was found
between the fresh and dried sample in all cultivars.
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Ascorbic acid content in untreated samples were in the
decreasing order of Krishna (3.52) > NA-7 (3.47) > Kan-
chan (3.43) > Chakaiya (3.00). But the retention ability
didn’t follow the same order. The retention ability of dif-
ferent cultivars was in the decreasing order of Kanchan
(72.98%) > NA-7 (72.29%) > Chakaiya (71.26%) > Kr-
ishna (69.57%). The difference between the retention
abilities of Kanchan and NA-7 were not significantly dif-
ferent. This reduction might be due to the adverse effect of
exposure to high air temperature for long duration as
ascorbic acid is a heat-sensitive compound. Similarly,
reduction in ascorbic acid content during drying of differ-
ent cultivars of Amla (without any treatment) using cabinet
drying was noted by Kumari and Khatkar (2018).

Untreated samples after drying by cabinet tray dryer at
55 £ 2 °C was compared with that of pretreated samples.
In the present study, it was observed that treatment of Amla
gratings with 1% salt before drying had a beneficial effect
on the retention of ascorbic acid. In case of all the cultivars
pretreated samples were observed to show significantly
higher ascorbic acid retention (79.51-84.89%) of ascorbic
acid compared to untreated (69.63-73.15%) samples
(Fig. 2B). Gudapaty et al. (2010) made a similar observa-
tion for Amla segments Osmo-dehydrated with 2% salt
solution prior to drying. Prajapati et al. (2011) also
observed that adding black salt to Amla shreds helped in
retaining ascorbic acid. It may be due to salt helps to
inactivate the oxidizing enzyme and offers a protective
barrier to ascorbic acid. Among all the cultivar, highest
retention was observed in case of NA-7 (though it is the
second-best in terms of total ascorbic content in the fresh
samples) where pretreated samples retained 84.89%
ascorbic acid compared to 72.39% in case of untreated
samples that is, a retention of more than 12%. The retention
of ascorbic acid was in the order of NA-7 (84.89% which is
12.50% higher than untreated samples) > Chakaiya
(82.74% which is 11.40% higher than untreated sam-
ples) > Kanchan (82.52% which is 9.36% higher than
untreated samples) > Krishna (79.51% which is 9.88%
higher than untreated samples). Higher retention of ascor-
bic acid in case of NA-7 compared to other cultivars can be
attributed to the fiber content of the NA-7 cultivar, which is
among the highest fiber-containing cultivars in the present
study. The presence of high fiber content allows the Amla
to show higher tolerance to the effect of temperature during
drying, which in turn results in higher ascorbic acid
retention.

Antioxidant activity
To determine the antioxidant activity of fresh and dried

grated Amla gratings, DPPH assay was performed as it is
considered as an easy, rapid, economical and widely used
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method (Suhaj 2006). DPPH is a stable free radical of dark
purple colour which gets reduced in the presence of the
antioxidant compound and turns into yellow colour (Brand-
Williams et al. 1995). Antioxidant activity of all the sam-
ples was presented as ICsq value. It can be seen from
Fig. 2C, that fresh samples of all four cultivars showed
high antioxidant activity as they had lower ICs, value (in
the range of 5.83 to 7.31 mg/ul for different cultivars). In
case of fresh samples of different cultivars, NA-7 exhibited
the highest antioxidant activity corresponding to the lowest
1Csq value (5.83 mg/pl).

As mentioned earlier, antioxidant properties in Amla
fruit is due to the presence of phenolic compounds (Kumar
et al. 2006). A significant reduction in the antioxidant
activity (similar to a reduction in total phenolic content)
was observed after drying, especially in untreated samples.
It can be observed from the Fig. 2C that ICs, increased
significantly to 12.14 in case of the untreated sample
indicating a significant reduction in the antioxidant activ-
ity. However, retention of antioxidant activity was pre-
dominant in pretreated samples wherein ICs, increased to
only 9.48 mg/ul which is less than that observed in
untreated samples clearly indicating the retention of
antioxidant activity compared to untreated samples. The
ICs( value was found to range from 12.14 to 18.92 mg/pl
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and 9.48 to 17.74 mg/ul for untreated and pretreated
samples, respectively. Among the pretreated samples, NA-7
showed the highest antioxidant activity with least 1Csq
value (9.48 mg/pl) followed by Kanchan, Chakaiya and
Krishna.

Color analysis

Colour is an external quality attribute and plays in a very
Colour is an external quality attribute and plays in a very
significant role to acceptance or rejection of product by
consumers. For a good quality Amla powder, the main
attribute is the presence of or retention of as much as green
colour (— a") as possible. Besides this, higher lightness
(+ L% and yellow tinge (+ b") is desirable. Colour of
grated Amla (fresh) was determined in term of L*, a“andb”
and the values were found in the range from 60.79 to 62.79,
— 4.24 to — 3.05 and 23.79-29.19, respectively, for all
cultivars (Fig. 3A-C).

As a primary selection criterion, a~ value is given more
importance as it indicates the presence of chlorophyll
which in fact also a polyphenol. It can be seen from
Fig. 3B that no significant difference was found in green-
ness values of fresh samples of different cultivars. NA-7
cultivar had maximum greenness with a" value (— 4.24)

U | P
Chakaiya

u | P
Kanchan

U I P
Krishna

Fig. 3 Effect of cultivars and treatment on colour of Amla gratings A L values; B a" values; C b" values; D AE values. F fresh; U untreated;
P pretreated; Different superscripts within figure are significantly different (p < 0.05)
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followed by Kanchan (— 3.82), Krishna (— 3.75) and
Chakaiya (— 3.05) in fresh samples, shown in Fig. 3B.
These observations were also supported by Goyal et al.
(2007), who reported the highest greenness in NA-7 culti-
var. Dried samples showed significant lower greenness
than fresh for all the four cultivars evident by significantly
increasing a” values indicating the loss of green colour.
However, out of all the cultivars, NA-7 exhibited the lowest
a" value of 1.15 indicating maximum retention of green
colour. Unlike untreated samples, the pretreated samples
were found to preserve greenness significantly. NA-7
samples dried after pretreatment was observed to exhibit a~
value of 0.32 indicating increased retention of green colour
when compared to untreated samples (1.15) followed by
Krishna, Kanchan and Chakaiya. In fact, it is the closest
value to the a" value of the fresh NA-7 sample (— 4.24). It
can be concluded that NA-7 is the most suitable cultivar for
preparation of Amla powder based on the a* value.

Other than this L” and b~ values were also considered
for selection of the most suitable powder since higher
values of L™ and b~ values are also equally important as
they determine the overall acceptability of the product. It
can be seen from (Fig. 3A and C) that pretreatment and
drying had a significant effect on the colour parameters.
Pretreated dried samples showed a significant increase in
lightness with comparison to fresh and slightly higher than
untreated dried samples in Fig. 3A. As mentioned earlier,
higher L" values are desirable, and in case of both
untreated and pretreated samples of all the cultivars, the L"
values of dried samples were higher than the fresh sample.
Though there was no significant difference between
untreated and pretreated samples the values of pretreated
samples were always observed to be on the higher side.
Chakaiya cultivar had maximum lightness (70.52) among
the all dried samples.

Similar observation was made even in case of b* value,
wherein significant differences were observed in yellow-
ness in all cultivars (fresh). Maximum b" value was found
in Chakaiya (29.19) followed by Kanchan (27.05), Krishna
(26.19) and NA-7 (23.79), among fresh grated Amla culti-
vars, (Fig. 3C). After drying the value of b* was reduced
significantly in both untreated and pretreated samples.
However, pretreated samples showed slightly higher values
than untreated with highest b" value (25.87) in the case of
Krishna cultivar.

To represent the total change in colour from the fresh,
AE was calculated using Eq. (3). It can be inferred from
Fig. 3D that pretreated dried samples showed less colour
change (8.51-10.47) than the untreated (9.03-10.71).
Treatment was shown to result in better retention of overall
colour during drying. Dried NA-7 (pretreated) had the least
change in colour (AE = 8.51) among all the samples.

@ Springer

Storage study

Retention of ascorbic acid and colour (a*) in dried (both
untreated and pretreated) samples were determined after
storage for 60 days at ambient, refrigerated as well as at
accelerated conditions and compared with that of the fresh
samples. The retention (%) was calculated considering the
values of the ascorbic acid content in the fresh samples as
reference (100%). The results are presented in Table 2. It
can be seen that there is not much reduction in the ascorbic
acid content and green colour during storage when com-
pared to the values of Oth day. Taking into consideration,
the initial ascorbic acid content (4.80 g/100 g db) in the
fresh sample, retention ability of ascorbic acid at refriger-
ated (84.28%), ambient (76.80%) and accelerated condi-
tions (70.29%), NA-7 was concluded as the best (Table 2).
The reason for higher retention of ascorbic acid in NA-7
variety (both untreated and pretreated) during storage can
be the presence of higher fiber content in this cultivar
which acts as a shock absorber for the negative effect of
drying and storage temperature helping in the retention of
higher ascorbic acid.

Storage studies of untreated dried samples of different
cultivars are shown in Table 2. Untreated dried samples of
NA-7 cultivar stored at refrigerated conditions lost ascorbic
acid content by 28.44% while the samples stored at
ambient conditions (27 £ 2 °C) lost ascorbic acid content
by 32.00% over 60 days storage period. In the case of
samples stored in accelerated conditions, the samples were
observed to loose ascorbic acid content by 39.09%. In
general, untreated dried samples lost ascorbic acid content
much faster.

Retention of Ascorbic acid in case of pretreated dried
samples of different cultivars are shown in Table 2. The
results are explained by taking the results of NA-7 cultivar
as an example. The loss of ascorbic acid content in pre-
treated dried samples of NA-7 was by 23.20% after a
storage period of 60 days at room temperature. Those
stored at refrigerated conditions lost ascorbic acid content
by 15.72% while the samples stored at accelerated condi-
tions lost ascorbic acid content by 29.71% over the storage
period. Samples kept under accelerated condition showed a
significant reduction in ascorbic acid content compared to
those stored under other conditions, because of the increase
in the rate of oxidation at relatively higher storage tem-
perature. Similar results were observed in the case of other
cultivars as well.

The higher retention of ascorbic acid in the dry powder
samples (both untreated and pretreated) stored at refriger-
ated conditions than ambient temperature can be explained
as follows. It is a known fact that the activity of enzymes
that oxidize ascorbic acid is the lowest at lower tempera-
tures and when stored in the dark. Ascorbic acid being
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storage, respectively. It means accelerated condition
showed least b~ value compared to the other two storage
conditions. The reduction in L and b" values at ambient
and accelerated condition might be due oxidation of sample
at stored temperature. These results suggest that salt pre-
treatment improves ascorbic acid retention and colour
during storage.

As mentioned earlier, the selection of the most suit-
able cultivar has to be judiciously made based on the values
of proximate analysis, nutritional analysis, colour analysis,
their ability to retain these parameters during drying (both
untreated and pretreated) besides their ability to retain
these parameters during storage (at refrigerated ambient
and accelerated conditions).

Based on the values of a*, L*, b*, AE and percentage
retention of colour, NA-7 cultivar can be considered as the
most suitable

Based on the values of these parameters, NA-7 cultivar
Amla grated by pretreated by 1% salt (NaCl) and dried in
cabinet tray dryer at 55 + 2 °C temperature for 8 h can be
concluded the most suitable in terms of retention of TPC,
ascorbic acid, antioxidant activity and colour and hence are
the best conditions for preparation of Amla powder.

Inter-relationship

The principal component analysis (PCA) was applied to
dried Amla grating samples of different cultivars and
treatment to characterized total phenolic content, ascorbic
acid, antioxidant activity (ICso value), and colour param-
eters (L*, a", b" and AE). The PCA biplot of principal
components (PC1 and PC2) is presented in (Fig. 4). PCI
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First Component

(first principal component) had the highest eigenvalue of
3.87, and accounted for 55.3% of the variance, while PC2
(second principal component) had eigenvalue of 2.15 and
accounted for 30.8% variability in the data set. Figure 4
showed that pretreated samples of cultivars Chakaiya and
Kanchan formed a group which indicated that these items
behaved similarly, and possessed a moderate relationship
with ascorbic acid, L" and b". Ascorbic acid content was
near to Krishna P means that it had the highest ascorbic
acid content. NA-7 P cultivar the showed highest total
phenolic content as it was close to it. Krishna U sample
showed the lowest antioxidant activity and second highest
change in colour values as it was close to ICsy and AE,
which were in the neighborhood in the biplot indicating
similar behaviour. Kanchan U is closed to a, that means
highest a" value resulted in a maximum loss of green
colour. This results showed that salt treatment helped to
retain green colour during drying. These results indicated
that the quality characteristics of dried grated Amla sam-
ples with treatment are different from their corresponding
untreated samples, and there existed a significant effect of
treatment and cultivars on the physicochemical properties
of dried Amla gratings.

Conclusion

Grating of different Amla cultivars showed significant
differences in proximate composition, ascorbic acid
retention, total phenolic content, antioxidant activity and
colour. Salt pretreatment had a significant positive effect
on the above quality parameters during drying. Among all
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the cultivars, pretreated NA-7 showed maximum retention
of ascorbic acid (84.89%), total phenolic content
(176.5 mg GAE/g db) and antioxidant activity with ICs,
value (9.48 mg/pl). Among dried samples, pretreated
Chakaiya showed maximum L" value followed by pre-
treated NA-7. Pretreated NA-7 also showed maximum
retention of natural green colour after drying. Salt pre-
treatment was found to be useful in better retention of
ascorbic acid and colour of packaged Amla gratings stored
under ambient and accelerated conditions. Based on the
study, NA-7 cultivar Amla grated by pretreated by 1% salt
(NaCl) and dried in cabinet tray dryer at 55 + 2 °C tem-
perature for 8 h can be concluded the most suitable in
terms of retention of TPC, ascorbic acid, antioxidant
activity and colour and hence are the best conditions for
preparation of Amla powder. The method used in the pre-
sent work can be employed also for drying of similar fruits
and vegetables.
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