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Abstract—Elephant apple (Dillenia indica) is a tropical tree,
distributed in various countries of South Asian region including
India. In India, it is not commercially cultivated, but is found wild in
its Himalayan and sub-Himalayan region. Now, people have been
showing more interest in the beneficial effects of consuming fruits
and vegetables. Fruits contribute significant nutritional and
commercial value from the ancient time. Indigenously elephant apple
is being used in various food products as sole or contributing
ingredient, but there is lack of published works in terms of depth
scientific investigations about the fruit. So, in this study it is decided
to determine various aspects of the fruit to validate the traditional
knowledge about its goodness in consumption and processing.
Mature elephant apple was subjected for various physical, optical
and biochemical investigations. Average diameter, density and
specific gravity of the fruit were determined as 11.4 £0.10 cm,
1.001£0.01gm/cm® and 0.980.01. Hunter colorimetric analysis of
the fruit revealed 36.67+0.31,-23.62+0.23 and 18.4240.13 as its L, a
and b. Optical analysis also exposed hue angle (o)

and chroma (C) as -37.94+0.27 and 29.95+0.17. pH and total soluble
solid (TSS) of fruit sample were found as 3.4+0.03 and 6+0.05 °Brix
respectively.

Further analysis also revealed that the edible part of fruit contains
moisture (wb) of 83.3+0.82%, ash 4.45+0.04%, acidity 1.02+0.01 %,
ascorbic acid 5.40+0.05 mg/100g, reducing sugar 2+0.01%, non-
reducing sugar 3%0.02%, protein 0.72+0.01%, fat 0.592+0.01%,
carbohydrate  9.05+0.09% and crude fibre 2.04+0.02 %.
Investigation revealed highly significant antioxidant activity of
45.5+0.45 % in the fresh sample.

From the experimental outcome, it can be concluded that elephant
apple possess excellent food value and enormous potential to be used
as raw material for various food processing industries. So, this
investigation will surely be used as a curtain raiser for future
researchers to find out the optimum process and product parameters
for industrial production of different value added products.

Keywords. Dillenia indica, biochemical, optical, antioxidant, hue,
chroma

1. INTRODUCTION

Elephant apple is a 15m tall tree of family: Dilleniaceae and
genus Dillenia having 20-30cm long leave, flower of diameter
15c¢m [11].The fibrous fruit have gelatinous pulp enclosed by
five edible imbricate sepals containing numerous seeds. The
fruit is harvested from September to February [2]. In India the
plant is distributed in the sub-Himalayan tract from
Uttarakhand eastwards to Assam and Bengal southwards to
central and south India. D. indica is an ethno-medicinally
important plant used for the treatment of severe diseases like
cancer and diarrhea. The fruit extract has shown significant
anti-leukemic activity in human leukemic cell lines. The fruit
possesses tonic and laxative properties and is used for
abdominal pains. The antioxidant effect of a plant is mainly
due to phenolic compounds such as flavonoids, phenolic acids,
tannins and phenolic diterpenes [12].

The green mature fruit is acidic, sour, bitter, pungent,
astringent, but the ripe fruit is sweet, sour, appetizing, and
tasty. Fruit decoction used for curing dandruff and checking
falling of hairs, eaten to combat weakness; as tonic. Ripe fruits
are eaten fresh as well as cooked; juice, mixed with sugar and
water, serves as a cooling beverage in fever, and as a cough
syrup. Ripe fruit-juice removes flatulence, external application
helps suppuration of boil, thickened and fleshy calyx on fruits
used as a flavoring agent, or made into different products
including jams and jellies [13]. The fruit could be processed to
industrial value added products such as clear beverage and
ready-to-serve beverage and squash [2]. The fruit is used as a
drug for the treatment of type-2 diabetes traditionally in
Assam [14].

Elephant apple is a important source of healthy diet and help
in physiological process. Though, it has been used by tribal
and folk communities of various forest regions of India,
information on the health, nutritional, pharmacognostical,
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phytopharmacological benefits of this plant is limited due to
lack of knowledge, technical study and investigations.
Therefore, present work is aimed to determine the physical,
optical and biochemical characteristics of elephant apple to
quantify its contribution to the diet and it’s potentially to use
in pharmaceutical and food industry.

2. MATERIAL AND METHODS

2.1 Raw material collection and fruit sampling

Fresh matured Dillenia indica were collected from Irongmara
market, Durgakona (Assam). Raw materials are washed for
physical analysis and sliced, deseeded for optical and chemical
analysis. All chemical were of analytical grade and glass
wares were borosilicate.

2.2 Physical characteristics
2.2.1 Diameter, density and specific gravity

Diameter of fruit was measured by using vernier caliper.
Density of fruit was measured by the ratio of weight to volume
where fruit volume is determined by water displacement
technique [3]. Specific gravity was measured by measuring
fruit weight in air and in water [4].

2.3 Optical characteristics
2.3.1 Color indices, hue angle (&) and chroma (C)

Color of fresh elephant apple slices was determined by hunter
color lab in terms of the CIE, L (degree of lightness to
darkness), a (degree of redness to greenness), b (degree of
yellowness to blueness) values [7]. Also, the chroma (C) (Eq-
1) and hue angle (o) (Eq-2) were calculated from the values of
L,a,b.

C=+a*+b* ... (1)
a:tanfl(é) e (2)
a

2.4 Chemical characteristics
241 pH

pH of the samples was measured using a pH meter. The pH
was standardized by standard buffer solution [1].

2.4.2  Total soluble solid (TSS)

Soluble solids content was measured with a portable
refractometer. One drop of fruit juice was placed on the
refractometer glass prism and the TSS was obtained as “Brix

[8].
2.4.3  Moisture content

The sliced elephant apple was kept in hot air oven at 105°C=1.
The weight loss of elephant apple was recorded after 24 hours

[1]. The moisture content was determined by following
formula:

Weightof water

x10C
Weightof food sample

Moisture content (Yo Wh =

. (3)

Ash content

The fruit was kept in muffle furnace at not more than 525°C
for 4-6 hours. The weight of ash was taken and determined
[7]. The ash percentage is calculated by using the formula:

Weightof ash
Weightof sample

Ash content(%) = x100

... (4) 2.4.5 Acidity

Ten gram of ground elephant apple was taken in a 250 mL
conical flask, and four drops of phenolphthalein indicator was
added. This was titrated with the standard 0.1N NaOH to faint
pink point. The result was expressed as g citric acid "' [9].

2.4.6 Ascorbic acid

The ascorbic acid was determined by volumetric method. 0. 5
g sample was extracted in a 4% oxalic acid, made up to 100
ml, and centrifuged. Supernatant (5 mL) was taken, 10% of
oxalic acid was added and titrated against the 2, 6-
dichlorophenolindophenol dye to a pink end point.

2.4.7  Reducing sugar

Reducing sugar was estimated by Nelson-Somogyi method. In
first part, 100 mg fresh Dillenia indica was extracted with
80% ethanol twice. Alkaline copper tartrate was added to
extract and heated to reduce the copper from the cupric to
cuprous state. The cuprous oxide thus formed was treated with
arsenomolybdic acid and reduce the molybdic acid to
molybdenum blue. The blue color developed was measured at
620 nm in a colorimeter [6].

2.4.8  Non reducing sugar
Non reducing sugar was determined by following the method
prescribed by Sadasivam and Manickam (1991) [6].

2.4.9. Protein

Protein content was determined by Micro-Kjeldahl method.
100mg of sample was taken for analysis. Nitrogen or any other
organic material is converted to ammonium sulphate by H,SO
during digestion. This salt on steam distillation, produce
ammonia and collected in boric acid solution. The solution
was titrated against the standard acid until the solution become
violet colour [6].

Total Protein = (%)Nitrogenx6.25 (5)
2.4.10 Fat content

To determine fat content 3gm of food sample was wrapped by
a filter paper and transferred into soxhlet. The fat was
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extracted with petroleum ether (150 drops/min) by heating.
After 14 hour it was then distilled off completely and dried.
After cooling, reweigh dried sample [6]

Weightof fat

Fat(%) =
at(%) Weight of sample

x100 ....(6)

2.4.11 Total carbohydrate

The carbohydrate content was measured by Anthrone method.
100 mg of the sample was kept in a boiling water bath for 3
hours with 5 mL of 2.5 (N) HCI. In hot acidic medium glucose
is dehydrated to hydroxymethyl furfural. This compound
forms a green colored product with anthrone which was
measured at 630 nm [6].

2.4.12 Crude fibre

Two g of ground material was extracted with petroleum ether
to remove fat. Then the sample was boiled with 200 mL of
sulphuric acid for 30 min. Then the sample was boiled with
200mL of sodium hydroxide solution for 30 min. The sample
was washed with 25 mL of boiling 1.25% H,SOy,, three 50 mL
portions of water and 25 mL alcohol. The residue was
removed, dried for 2hours at 130 +2°C and weighed (W,). The
residue was ignited for 30 min at 600 +15°C and weighed

(W>) [6].
UAUA)
Weightof thesample

x100

Crude fibre(%) =
(7D
2.4.13 Antioxidant activity

Radical scavenging activity of the extracts was determined
using DPPH. Trolox solution was used as a standard, and the
results were expressed as pmol trolox equivalent (TE)/g. 3.9
mL aliquot of a 0.0634 mM of DPPH solution, in methanol
(95%) was added to 0.1 mL of each extract. Change in the
absorbance of the sample extract was measured at 515 nm
[10].

2.5 Statistical analysis

All analyses were carried out in triplicates. So, data obtained
were expressed as the mean of three values + standard
deviation.

3. RESULTS AND DISCUSSION

3.1 Physical characteristics

Physical analysis showed that the diameter, density and
specific gravity of fresh elephant apple were 11.4+0.104,
1.001+£0.01001 and 0.98+0.0091 respectively as given in
Tablel.

Table 1 Physical characteristics of fresh matured elephant apple

Parameter (5) | Value

Diameter (cm) 11.4+0.104
Density (gm/cm’) 1.00140.01001
Specific gravity 0.98+0.0091

Means +SD (n=3)
3.2 Optical characteristics

The color indices i.e. L, a and b were 36.67+0.31, -
23.62+0.23, 18.42+0.13. Hue angle and chroma was obtained
as -37.9440.27, 29.95+0.17 respectively as shown in Table 2.

Table 2 Optical characteristics of fresh mature elephant apple

Parameter Value

L 36.67+0.31
a -23.62+0.23
b 18.42+0.13
Hue angle (H') -37.94+0.27
Chroma 29.95+0.17

Means £SD (n=3)

3.3 Biochemical characteristics

The fresh fruit revealed pH 3.4+0.03, total soluble solid
6+0.05 (°Brix), moisture content 83.3+0.82 (wb), ash
4.45+0.04 %, acidity 1.02+0.01%, ascorbic acid 5.40+0.01
mg/100g, reducing sugar 2+0.01%, non-reducing sugar
340.02%, protein 0.72+0.01%, fat 0.592+0.01%, carbohydrate
9.05+0.09 %, crude fibre 2.04+0.02 % and antioxidant activity
45.540.45 % respectively as shown in Table 3. This
investigation further confirmed some of the findings of
previous researchers [2]. Biochemical characteristics of the
fruit revealed that it is highly acidic in nature with good
content of sugar. Fruit also revealed higher content of minerals
and sufficient ascorbic acid. High fibre content and
antioxidant activity with very less fat content makes the fruit a
functional ingredient for food processing industries.

Table 3 Biochemical characteristics of fresh mature elephant

apple
Parameter Value
pH 3.4+0.03
Total soluble solid (°Brix) 6+0.05
Moisture content (wb, %) 83.3+0.82
Ash (%) 4.45+0.04
Acidity (%) 1.02+0.01
Ascorbic acid(mg/100g) 5.40+0.01
Reducing sugar (%) 2+0.01
Non-reducing sugar (%) 3+0.02
Protein (%) 0.72+0.01
Fat (%) 0.592+0.01
Carbohydrate (%) 9.05+0.09
Crude fibre (%) 2.04+0.02
Antioxidant activity (%) 45.5+0.45

Means +SD (n=3)
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4. CONCLUSION

The study revealed that there is a great potentially to use the
fruit in food and pharmaceutical industry. The fruit have high
amount of soluble solid, fibre, ascorbic acid, reducing sugar,
non-reducing sugar, carbohydrate, antioxidant activity but fat
content is low as compared to other. High fibre content and
antioxidant activity with very less fat content makes the fruit a
functional ingredient for food processing industries.
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