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Abstract

Amla (Emblica officinalis G.) is a nutrient-rich fruit that needs to be processed into value-added
products, as it is less preferred to eat raw because of its sour, bitter, astringent taste. Hence, the
suitability of four amla varieties, namely BSR-1, NA-7, Krishna, and Kanchan, for the development of
six value-added products, including osmotic dehydrated segments, fruit leather, pickle, RTS beverage,
spiced candy and sauce, has been evaluated in this study. Sensory evaluation of the prepared products
was done using a nine-point hedonic scale, and biochemical parameters like TSS, acidity, total sugars
and ascorbic acid were analysed. Organoleptic scores of different amla products obtained by sensory
evaluation showed significant differences between amla varieties for the parameters such as
appearance, colour, flavour, texture, odour, taste, after taste and overall acceptability. The amla variety
Krishna is found to be superior for osmotic dehydrated segments and pickle among all the amla
varieties based on both sensory parameters and biochemical assessment. For fruit leather and RTS
beverage, the amla variety NA-7 exhibited better biochemical properties such as TSS, total sugars and
ascorbic acid with higher overall acceptance on sensory analysis. The same variety NA-7, had shown
higher overall acceptability on sensory evaluation of spiced candy, whereas the amla variety Krishna
showed better biochemical properties, such as TSS and total sugars for spiced candy. The sauce
prepared from the amla variety BSR-1 performed superior on a sensory level with the highest ascorbic
acid content. Hence, it can be concluded that the organoleptic qualities, sensory acceptance and
biochemical parameters of value-added products from different amla varieties may vary according to
the characteristics of the variety.
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Introduction

Amla, often known as Indian gooseberry (Emblica officinalis G.), a native of the Indian
subcontinent belonging to the family Phyllanthaceae, is recognized as one of the oldest fruits
in India and is commonly referred to as a "wonder fruit for health" owing to its exceptional
attributes (Shekhawat et al., 2014) 1%, 1t is an important ayurvedic medicinal fruit because of
its high vitamin C content (500-1500 mg/100 g) and substantial antioxidant properties, both
of which provide several health benefits (Shekhawat et al., 2014 %; Pathak and Ram, 2007
1), It is also a minor subtropical fruit crop, primarily grown in the hilly and sub-
mountainous parts of North India, and is well adapted to areas with drought as well. With
appropriate management practices, a well-established amla tree with a regular bearing habit
can produce between 187 and 299 kg of fruits per year (Devi et al., 2020) 2. However, its
consumption as a fresh table fruit is limited due to its strong astringent flavour (Devi et al.,
2020) 2, and hence value addition is the key.

Prajapati et al. (2011) '® reported significant post-harvest losses during peak production in
amla fruits due to their high perishability, which can be reduced by processing them into
value-added products, which will improve the shelf life and enhance economic returns of
farmers. Hence, a study was devised to evaluate the suitability of amla varieties BSR-1, NA-
7, Krishna, and Kanchan to prepare value-added products like osmotic dehydrated segments,
fruit leather, pickle, RTS beverage, spiced candy and sauce. According to Pavitra et al.
(2021) 1, amla variety NA-4 was found to be most suitable for the preparation of pickle
among the amla cultivars BSR-1, NA-7 and Kanchan because of its superior physio-chemical
properties and good storage stability, whereas amla cv. Chakaiya was found to be better for
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candy preparation based on sensory attributes. Similarly,
Kumar (2021) ¥ reported that the amla variety NA-7
performed better for pickle preparation and maintained the
acceptable quality for 9 months of storage.

Materials and Methods

Fully matured, disease-free fruits of four amla varieties,
BSR-1, NA-7, Krishna and Kanchan were procured from the
Dindugal district, and were brought to the PG Horticulture
laboratory of School of Agricultural Sciences, Karunya
Institute of Technology and Sciences, Coimbatore, Tamil
Nadu, India during 2025-26. Six value-added products,
namely osmotic dehydrated segments, fruit leather,
unfermented pickle, RTS beverage, spiced candy, and sauce,
were prepared using four amla varieties (BSR-1, NA-7,
Krishna and Kanchan), following standard procedures,
maintaining the total soluble solids (TSS) level at 72° Brix
for osmotic dehydrated segments, 75° Brix for fruit leather,
10° Brix for RTS beverages, and 85° Brix for sauce.
Organoleptic evaluation was conducted to assess the
product's sensory parameters such as appearance, colour,
flavour, texture, odour, taste, after taste and overall
acceptability on a nine-point hedonic scale. Biochemical
parameters like TSS, acidity, ascorbic acid and total sugars
of prepared products were also analysed following the
standard procedure (Ranganna, 1986) ©°!.

Statistical analysis

Data were analysed using GRAPES 1.1.0 software, adopting
a completely randomized design (CRD) for biochemical
studies, and the Kruskal-Wallis test was used for sensory
evaluation studies.

3. Results and Discussion

The value-added products prepared from amla fruits were
subjected to organoleptic and biochemical evaluation. The
mean scores of sensory evaluation for value-added products
from amla are given in Table 1, and the results of
biochemical analysis are presented in Table 2.

The observations on the sensory evaluation of different
products from four amla cultivars are mentioned below.
Among the four amla varieties, the osmotic dehydrated
segments prepared from the amla variety Krishna recorded
the highest scores for all the sensory parameters (Table 1),
including appearance (8.43), colour (8.21), flavour (8.21),
texture (8.51), odour (7.82), taste (8.13) and after taste
(8.25) with an overall acceptability score of 8.42. However,
osmotic dehydrated segments produced from amla variety
BSR-1 had comparatively lower scores for the parameters
like appearance (6.75), colour (6.93), flavour (7.41), texture
(7.22), odour (6.72), taste (7.53) and after taste (7.36) with
an overall acceptability score of 7.11. These findings are in
agreement with Singh er al. (2015) "Y1, who reported that the
amla variety NA-7 performed better for osmotic dehydrated
segments than the amla cultivar Desi based on sensory
evaluation.

The fruit leather prepared from four amla varieties exhibited
significant differences in sensory parameters (Table 1). The
fruit leather prepared from the amla variety NA-7 recorded
the highest scores for the parameters such as appearance
(7.82), colour (8.06), and odour (7.08) with an overall
acceptability score of 7.92 (Table 1). The fruit leather from
the amla varieties BSR-1 received the highest score for taste
(7.74), Kanchan for after taste (7.82), and Krishna for
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flavour (7.44) and texture (7.44). However, a fruit leather
prepared from the amla variety Kanchan had the lowest
score for most of the sensory parameters, such as
appearance (6.91), flavour (7.14), texture (7.14), odour
(6.47) and taste (7.06), with an overall acceptability score of
6.86.

The pickle prepared from the amla variety Krishna recorded
the highest scores for parameters such as appearance (7.74),
flavour (7.63), texture (7.81), odour (7.53), and overall
acceptability (7.74), whereas the pickle from the amla
variety NA-7 had the highest score for colour (7.82) and
taste (7.61) and the amla variety BSR-1 had the highest
score for after taste (7.34) (Table 1). In contrast, the pickle
prepared from the amla variety Kanchan recorded the lowest
scores for the parameters like appearance (7.46), colour
(7.53), flavour (7.34), texture (6.53), odour (6.67), and after
taste (7.06), with an overall acceptability score of 6.87. The
present results align with Pavitra et al. (2021) U1, who
reported that the amla variety Krishna was found to be the
most suitable variety for pickle preparation with the highest
overall acceptability.

Significant differences were found among the sensory
parameters of four different amla varieties (Table 1). The
RTS beverage prepared from the amla variety NA-7
recorded the highest scores for the parameters such as
appearance (7.86), flavour (7.82), texture (7.61), taste (7.87)
and overall acceptability (7.93). However, the RTS beverage
from the amla varieties Krishna and BSR-1 had the highest
scores for colour (7.86) and odour (7.53), respectively, and
the amla variety Kanchan had the highest score (7.87) for
after taste. Conversely, the RTS beverage prepared from the
amla variety Kanchan had the lowest scores for the
parameters such as appearance (7.31), colour (7.47), texture
(7.31) and taste (7.12) with an overall acceptability score of
7.21. Comparable results were reported by Kumar (2018) 3!,
who identified that the RTS beverage prepared from the
amla variety NA-7 recorded the highest score for sensory
parameters compared to the amla variety NA-8.

The spiced candy prepared from four different amla
varieties showed significant differences in sensory
parameters (Table 1). The spiced candy prepared from the
amla variety NA-7 recorded the highest score in sensory
parameters such as appearance (7.81), colour (7.67), flavour
(7.87), texture (7.44), odour (7.33), taste (7.21), and overall
acceptability (7.45), and the amla variety Krishna recorded
the highest score for after taste (6.85). In contrast, the spiced
candy prepared from the amla variety Kanchan recorded the
lowest sensory scores for the parameters, including
appearance (6.53), colour (7.04), flavour (6.67), texture
(5.87), odour (6.26) and taste (6.59), with an overall
acceptability score of 6.38.

The sauce prepared from the amla variety BSR-1 recorded
the highest scores for sensory parameters, such as
appearance (7.06), colour (7.05), texture (7.006), taste (7.06),
after taste (5.94), and overall acceptability (6.35), whereas,
the sauce prepared from the amla variety NA-7 had the
highest score for flavour (5.95) and odour (6.49) (Table 1).
In comparison, the sauce prepared from the amla variety
Krishna had the lowest scores for the parameters such as
colour (6.07), texture (6.06), taste (6.06) and after taste
(5.14) with an overall acceptability score of 5.36.

The observation on the biochemical analysis of different
products from four amla cultivars is mentioned here.
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Table 1: Sensory evaluation scores of amla products

Treatments | Appearance | Colour | Flavour | Texture | Odour | Taste | After taste | Overall acceptability
Osmotic dehydrated segments
BSR-1 6.75 6.93 7.41 7.22 6.72 7.53 7.36 7.11
NA-7 741 7.29 7.45 7.49 7.05 7.87 7.79 7.81
Krishna 8.43 8.21 8.21 8.51 7.82 8.13 8.25 8.42
Kanchan 7.73 7.83 7.84 7.82 7.36 7.94 7.48 8.14
chi-squared value 6.52 2.28 9.46 9.67 10.39 | 10.38 3.72 10.38
Fruit leather
BSR-1 7.66 7.77 7.31 7.31 7.02 7.74 7.59 7.68
NA-7 7.82 8.06 7.33 7.35 7.08 7.53 7.68 7.92
Krishna 7.57 7.64 7.44 7.44 6.55 7.33 7.25 7.54
Kanchan 6.91 8.04 7.14 7.14 6.47 7.06 7.82 6.86
chi-squared value 4.65 9.04 5.85 5.86 8.54 |10.39 7.82 9.84
Pickle
BSR-1 7.26 7.33 741 7.46 6.93 7.53 7.34 7.33
NA-7 7.53 7.82 741 7.67 7.21 7.61 7.22 7.41
Krishna 7.74 7.68 7.63 7.81 7.53 7.27 7.27 7.74
Kanchan 7.46 7.53 7.34 6.53 6.67 7.33 7.06 6.87
chi-squared value 9.67 10.39 9.43 10.38 10.39 | 10.38 9.43 9.74
RTS beverages
BSR-1 7.61 7.59 743 7.71 7.53 7.62 7.61 7.61
NA-7 7.86 7.67 7.82 7.61 7.47 7.87 7.83 7.93
Krishna 7.82 7.86 7.63 7.42 7.41 7.74 7.84 7.87
Kanchan 7.31 747 7.45 7.31 7.43 7.12 7.87 7.21
chi-squared value 8.23 9.97 9.59 10.38 10.21 | 10.38 10.39 10.38
Spiced cand
BSR-1 7.06 7.33 6.92 6.91 6.61 6.65 6.25 6.63
NA-7 7.81 7.67 7.87 7.44 7.33 7.21 6.84 7.45
Krishna 7.62 7.46 7.67 7.23 7.12 7.05 6.85 7.14
Kanchan 6.53 7.04 6.67 5.87 6.26 6.59 6.26 6.38
chi-squared value 10.38 10.39 10.38 9.35 10.39 | 8.74 8.35 9.17
Sauce

BSR-1 7.06 7.05 5.93 7.06 6.47 7.06 5.94 6.35
NA-7 6.62 6.78 5.95 6.75 6.49 6.75 5.49 6.03
Krishna 6.52 6.07 5.66 6.06 6.42 6.06 5.14 5.36
Kanchan 6.12 6.14 5.52 6.13 6.21 6.13 5.17 5.43
chi-squared value 9.46 9.05 9.05 9.43 9.04 9.05 9.59 9.67

The data presented in Table 2 showed significant difference
among the osmotic dehydrated segments from four amla
varieties with respect to the biochemical parameters. The
osmotic dehydrated segments prepared from the amla
variety Krishna recorded the highest TSS (26.21° Brix) and
total sugars (39.06%), and amla variety NA-7 recorded the
highest ascorbic acid (238.13 mg 100 g'), whereas the
lowest acidity (0.13%) was recorded in amla variety BSR-1.
The osmotic dehydrated segments from the amla variety
NA-7 recorded total sugar content of 37.39%, which was on
par with the amla variety Krishna. In contrast, the amla
variety BSR-1 exhibited the lowest TSS (18.11° Brix), total
sugars (24.57%) and ascorbic acid content (211.82 mg 100
g¢!). These findings are in agreement with Singh et al.
(2015) "1 who reported that osmotic dehydrated segments
prepared from the amla variety NA-7 had the highest
biochemical properties, including total sugars (42.97%) and
ascorbic acid content (229.65 mg 100 g!) compared to Desi
cultivar.

Significant differences in biochemical parameters were
noted among the fruit leathers prepared from four different
amla varieties. The fruit leather prepared from the amla
variety NA-7 showed the highest TSS (12.91° Brix), total
sugars (39.18%), and ascorbic acid (81.27 mg 100 g!) along
with the lowest acidity (0.163%). In contrast, the fruit
leather prepared from the amla variety Krishna exhibited the
lowest TSS (7.91° Brix) and total sugars (29.32%), whereas

the amla variety Kanchan recorded the lowest ascorbic acid
content (74.38 mg 100 g!). These findings are in agreement
with those reported by Deepika et al. (2017) ", who
reported that the fruit bar prepared from amla pulp had a
similar total sugars (40.24%) and ascorbic acid content
(85.34 mg 100 g).

The data presented in Table 2 showed significant differences
in biochemical parameters of pickles prepared from four
different amla varieties. The pickle prepared from the amla
variety Kanchan exhibited the highest TSS (18.72° Brix)
and total sugars (11.26%), whereas the amla variety Krishna
exhibited the highest acidity (0.326%) and ascorbic acid
content (423.71mg 100 g'). Conversely, pickles from the
amla varieties NA-7 exhibited the lowest TSS (8.12° Brix),
and BSR-1 had the lowest total sugars (5.92%) and acidity
(0.231%). The pickle prepared from the amla variety
Kanchan had the lowest ascorbic acid content (338.29 mg
100 g!). These findings are comparable to those of Pavitra
et al. (2021) !, who reported that the pickle prepared from
the amla variety Krishna exhibited the highest acidity
(2.74%) and ascorbic acid content (495.20 mg 100 g™).
Significant differences were identified in the biochemical
parameters of RTS beverage from four different amla
varieties (Table 2). The RTS beverage prepared from amla
variety NA-7 recorded the highest TSS (19.21° Brix), total
sugars (14.96%), and ascorbic acid (62.74 mg 100ml') and
RTS beverage prepared from amla variety Kanchan
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recorded lowest acidity (0.468%). In contrast, RTS beverage
from the amla variety Krishna had the lowest TSS (15.62°
Brix) and the lowest ascorbic acid content (39.38 mg 100ml
1) was recorded for the amla variety Kanchan. These results
agree with those reported by Surya et al. (2020) 3!, who
reported that RTS beverage developed from fresh amla
fruits contain a TSS of 13° Brix, 0.35% acidity, 8.62% total
sugars and 54.80 mg 100ml! ascorbic acid.

The data presented in Table 2 showed significant differences
in the biochemical parameters of spiced candy prepared
from four different amla varieties. The spiced candy
prepared from the amla variety Krishna exhibited the
highest TSS (19.62° Brix) and total sugars (29.76%), and
also recorded the lowest acidity (0.128%). The spiced candy
from the amla variety NA-7 recorded the highest ascorbic
acid content (262.37 mg 100 g'). Conversely, the spiced
candy prepared from the amla variety Kanchan exhibited the
lowest TSS (11.61° Brix) and total sugars (16.95%),
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whereas the amla variety BSR-1 had the lowest ascorbic
acid content (206.23 mg 100 g).

Significant differences were recorded in the biochemical
parameters of sauce prepared from four different amla
varieties (Table 2). The sauce prepared from the amla
varieties Kanchan exhibited the highest TSS (87.91° Brix),
and Krishna recorded the highest total sugars (35.63%),
whereas the amla variety BSR-1 recorded the highest
ascorbic acid content (169.37mg 100 g'). Conversely, the
sauce prepared from amla variety BSR-1 had the lowest
acidity (0.627%) and total sugars (29.91%), and the amla
cultivar NA-7 exhibited the lowest TSS (71.81° Brix) and
ascorbic acid (151.27 mg 100 g!). These results agree with
the results from Singh et al. (2013) U2, who reported that
the sauce prepared from the NA-7 variety recorded the
lowest acidity (1.24%) and ascorbic acid (165.35 mg 100 g
1Y compared to amla variety Desi.

Table 2: Biochemical characteristics of amla products

Treatments | TSS (“Brix) | Acidity (%) | Total sugars (%) | Ascorbic acid (mg/100 g)
Osmotic dehydrated segments
BSR-1 18.11 0.13 24.57 211.82
NA-7 23.81 0.17 37.39 238.13
Krishna 26.21 0.14 39.06 226.74
Kanchan 21.11 0.15 32.38 218.54
SE (d) 0.79 0.01 1.62 2.97
CD (0.05) 1.73 0.02 3.56 6.53
Fruit leather
BSR-1 9.21 0.21 34.79 76.94
NA-7 12.91 0.17 39.18 81.27
Krishna 7.91 0.19 29.32 77.29
Kanchan 10.15 0.26 31.94 74.38
SE (d) 1.06 0.01 1.21 0.96
CD (0.05) 2.37 0.02 2.67 2.12
Pickle
BSR-1 11.21 0.23 2.63 389.71
NA-7 8.12 0.24 5.92 365.87
Krishna 13.41 0.33 7.31 423.71
Kanchan 18.72 0.28 11.26 338.29
SE (d) 0.98 0.01 1.12 11.35
CD (0.05) 2.16 0.02 247 24.97
RTS beverage
BSR-1 16.67 0.49 9.36 47.22
NA-7 19.21 0.51 14.96 62.74
Krishna 15.62 0.48 12.36 54.39
Kanchan 17.81 0.47 11.23 39.38
SE (d) 0.42 0.01 0.74 2.56
CD (0.05) 0.89 0.02 1.36 5.63
Spiced candy
BSR-1 13.31 0.35 21.62 206.23
NA-7 15.12 0.37 24.83 262.37
Krishna 19.62 0.13 29.76 226.73
Kanchan 11.61 0.56 16.95 232.37
SE (d) 0.98 0.05 1.91 5.29
CD (0.05) 2.16 0.11 4.21 11.63
Sauce
BSR-1 81.42 0.63 29.91 169.37
NA-7 71.81 0.70 30.73 151.27
Krishna 76.81 0.65 35.63 162.23
Kanchan 87.91 0.67 32.51 157.38
SE (d) 1.87 0.01 0.96 1.98
CD (0.05) 4.11 0.02 2.12 4.36
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Conclusion

The result of the present study showed significant difference
among four different amla varieties in the sensory and
biochemical parameters of the value-added products and the
best variety to prepare each value-added product was
identified. Hence, the amla variety Krishna was found to be
the best for the preparation of pickle and osmotic
dehydrated segments, amla variety NA-7 performed better
for fruit leather, RTS beverage and spiced candy and amla
variety BSR-1 showed better scores for sauce.
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