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ABSTRACT Sikkim located in Himalayas, is a part of the Indo-Malayan Biodiversity Hotspot harbors with many
wild fruit plants of nutritional potential. Fruit samples were collected randomly from different localities of Sikkim
India to analyze their chemical properties and physical characteristics. Ficus roxburghii had heaviest fruits and
Rubus ellipticus had lightest. Castanopsis hystrix was the least acidic (0.5%) while Elaeocarpus sikkimensis was the
most (4.2%). Diploknema butyraceae had maximum TSS with 18o Brix, while fruits of Machilus edulis had lowest
(3.55o Brix). The fruits of Morus alba were sweetest with total sugar content of twenty percent. The fat and
carotenoids were in the range of 0.2-10.0 percent and 0.1-63.0 mg/100 g fresh weights. The analysis of nutritional
properties and other bioactive compounds in wild fruits of Sikkim indicate potential to fulfill nutritional requirements
locally and can find place in the global markets.

INTRODUCTION

Wild edible plants (WEPs) are the species
that are neither cultivated nor domesticated how-
ever are available in their wild natural habitat
and used as sources of food and socioeconom-
ic wellbeing particularly for rural poor communi-
ties (Sundriyal et al. 2003; Sekeroglu et al. 2006;
Mbuvi and Boon 2009; Beluhan and Ranogajec
2010; Abubakar et al. 2017; Bhatt et al. 2017).
These plants play an important role in closing
food gaps during periods of drought and scarci-
ty for many people in developing countries
(Afolayan and Jimoh 2009). Wild food plants
even sometimes are reported to be nutritionally
superior to some of the cultivated ones (Burlingame
2000).

Botanical explorations and literature high-
lights inventory, diversity and value of wild ed-
ible fruit plants from different parts of the world.
However, untapped potential of about 3000 trop-
ical fruits worldwide was reported (Mugnozza
1996). The Sikkim Himalayas, a part of Indo-
Malayan Biodiversity Hotspot (Myers and Mit-
termeier 2000) harbors many fruit plants grown
in wild habitats and indigenously utilized (Sun-
driyal and Sundriyal 2003). Their potential in

nutritional, medicinal, therapeutic and industrial
values is well recognized and utilized by the indig-
enous communities (Rai et al. 2005; Rawat et al.
2011). Perusal of literature reveals not much work
has been done on this aspect. Therefore, a sys-
tematic attempt was made in the present study to
analyze the physiochemical characteristics of some
popular wild edible fruits of Sikkim Himalayas.

METHODOLOGY

Study Area

Fruit samples were collected randomly from
localities of Rumtek, Sang, Nazitam, Tingbong,
Gyathang, Lingdong, Geyzing, Namthang and
Turung in Sikkim state of India. The climate of the
state is tropical, temperate and alpine zones. Mean
temperature in lower altitudinal zones varies from
4.5ºC to 18.5ºC, whereas at higher altitudinal zones
it varies from 1.5ºC to 9.5ºC. Distribution of fruits
is categorized into low, mid and higher hills, which
cover all four districts of Sikkim.

Physiochemical Observations

Shape and color of fruits were visually re-
corded. Fresh weights were recorded immedi-
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ately after harvest. Length and diameter was
measured with a digital Vernier Caliper (Mitu-
toyo). Number of seeds set per fruit was count-
ed and average of 10 fruits were recorded. Size
was recorded visually as small, intermediate and
large while position was recorded as terminal,
auxiliary and both. Total soluble solids (TSS) of
fruit were recorded with a hand refractometer
calibrated in obrix at 20°C with the help of a tem-
perature correction correlation chart (Mazum-
dar and Majumdar 2003). Total titrable acidity
was determined by titration of a known weight
of sample with NaOH using phenolphthalein as
an indicator (Ruck 1969) and expressed in per-
cent. Total and reducing sugar of fruits were
estimated following Ranganna (1979) while non-
reducing sugar was estimated as reported by
Mazumdar and Majumdar (2003) and was ex-
pressed in percent.

Non-reducing sugar = (Total sugar – Reduc-
ing sugar) x 0.95

Ascorbic acid was estimated by volumetric
method and expressed as mg per 100 g of fruit
pulp (Mukherjee and Choudhury 1983). Protein
was estimated and expressed in percent follow-
ing Lowry et al. (1951). Chlorophyll and Caro-
tenoid were extracted following the protocol for-
mulated by Lichtenthaler and Wellburn (1987)
and expressed as mg/100g. Anthocyanin con-
tent was determined using the pH differential
method in which absorbance of anthocyanin
extracts at pH 1.0 and 4.5 are determined (Rod-
riguez-Saona and Wrolstad 2001). The total an-
thocyanin content was expressed as mg Cyani-
din 3-glucoside/100g fruit and calculated using
its molar absorbance coefficient of 26900 L-1 M-

1cm-1 (Wrolstad et al. 2005). Fat was estimated
and expressed in percent following Thimmaiah
(2009). Value for each sample was calculated as
mean ± SD, coefficient of variation correlation
and multiple regressions were tested employing
the SPSS (version -17.0) software package. For
statistical tests of physical characteristics, av-
erage value of descriptor per individual was used.
Only ordinal and scale measured descriptors
were used for statistical tests.

RESULTS  AND  DISCUSSION

Physical Features

The physical and chemical parameters of
fruits are important indicators of their matura-

tion, internal and external quality, and decisive
factors for accomplishment of market demands
that have encouraged a lot of researches under
different conditions around the world. The fruit
quality is related to some intrinsic characteris-
tics (appearance, color, acids, sugars) and since
they change during handling, research data can
provide information on the way a product should
be handled postharvest (Paull and Duarte 2011).
In the present study three species were observed
to have green to yellow fruits, two were green
and remaining nine were rusty brown to green,
orange yellow, green to red, pink to red, rusty
brown to purple, red, green to purple and dark
pink color. Fruits of seven species were oval,
two were spherical and remaining five species
were oblong. Average weight of fruits varied sig-
nificantly among the different species. Maximum
fruit weight was recorded for Ficus roxburghii
(186.5 g) while the lowest at 2.46g/100 seeds was
recorded for Rubus ellipticus (Table 1). Fruit size
has a direct effect on the marketability and ac-
ceptance in both fresh market and processing
plants. Traditionally, large fruits are preferred
by consumers (Cahn et al. 1992; Moyer et al.
2002). Consumers demand high quality fruit that
have an attractive appearance, high nutritional
value, and good taste (Crisosto and Crisosto
2001; Koyuncu et al. 2004; Zatylny et al. 2005).
Mean value of fruit size also indicated signifi-
cant differences among the species. Machilus
edulis and Passiflora edulis were recorded to
be the largest fruits, while Rubus ellipticus and
Duchesnia indica were smallest. Similar physi-
cal parameter studies of indigenous minor or wild
edible fruits were also reported earlier (Bagra et
al. 2006).

Chemical Constituents

Acidity, TSS and Sugar

Acidity of the fruits estimated varied signif-
icantly among species. Castanopsis hystrix had
lowest acidity (0.5%) while Elaeocarpus sikki-
mensis with 4.2 percent acidity was highest, fol-
lowed by Terminalia chebula and Spondias
axillaris with four percent acidity. Acidity of
remaining fruits ranged between one and three
percent. Maximum TSS was recorded in fruits of
Diploknema butyraceae (18oBrix) and Elaeocar-
pus sikkimensis (17oBrix) followed by Eriolo-
bus indica and Passiflora edulis with 11oBrix,
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and minimum TSS of 3oBrix was recorded for
Machilus edulis. TSS for remaining fruits ranged
from 4o to 8oBrix. Higher the TSS, the more is the
sugar in pulp (Table 2). More the ripened fruits,
more is amount of sugar in it. TSS determined
for the fruits Machilus edulis, Baccaurea, Pas-
siflora, Eriolobus, Elaeocarpus, Bassia, Elae-
agnus latifolia, Spondias axillaris and
Diploknema butyracea ranged between 4.66 and
21.0 percent reported from earlier studies (Sun-
driyal et al. 1998; Sundriyal and Sundriyal 2001).
Mean total solids and soluble solids contents
of chokeberry reported were 35.2 percent and
18.3 °Brix, respectively (Zatylny et al. 2005). The
sugar (total, reducing and non-reducing) esti-
mated varied significantly among species. High-
est total sugar was recorded in fruits of Morus
alba (20%) while Machilus edulis, Spondias
axillaris, Terminalia chebula, Castanopsis hys-
trix and Elaegnus latifolia had the least total
sugar (3% each). Total sugar of remaining fruits
ranged from seven to thirteen percent. Similarly,
highest amount of reducing sugar was also esti-
mated for Morus alba (15%) followed by Eri-
obolus indica (12%) while minimum was record-
ed for Spondias axillaris and Machilus edulis
(2.31% each). Reducing sugar of remaining fruits
ranged from three to thirteen percent. Generally,
sugar content of fresh fruits ranges between two
to thirty percent (Norman, 1976). Non-reducing
sugars in fresh fruits of different species varied
from 0.1 to 6.0 percent. Diploknema butyraceae
possessed maximum amount of non-reducing
sugar followed by Elaegnus latifolia (5%) and
Morus alba (4%) while minimum recorded for
Eriolobus indica, Ficus roxburghii and castan-
opsis hystrix. Parmar and Kaushal (1982) report-
ed total sugar content of 6.15 percent in Ficus
roxburghii while reducing and non-reducing
sugar of 6.12 and 0.03 percent, respectively. Sim-
ilar findings related to chemical constituents on
wild fruits were reported by Abubakar et al. (2017)
and Bhatt et al. (2017).

Fat and Protein

Fat estimated in fruits varied significantly
among species and highest amount of fat was
found in Machilus edulis (21%), which was sig-
nificantly higher than other species (Table 2).
Lowest fat content was estimated for Passiflora
edulis (0.2%) while in remaining fruits it ranged
from 0.2 to ten percent. Protein content of differ-

ent fruits ranged from two to ten percent, and
varied significantly among species. The maxi-
mum protein content was estimated in Prunus
cerasoides followed by Morus alba (9%) while
minimum was estimated for Duchesnia indica,
Terminalia chebula and Eriolobus indica. Max-
imum ascorbic acid was estimated in Spondias
axillaris (32.0 mg/100g fresh weight) followed
by Passiflora edulis (28 mg/100g fresh weight)
and minimum 1 mg/100g of fresh fruit was esti-
mated for Castanopsis hystrix. Ascorbic acid of
remaining fruits ranged from 2 to 24 mg/100g of
fresh fruit. In nature the main source of Vitamin
C is from fruits and vegetables (Fox and Came-
roon 1976). Wild fruits appeared to be rich in
vitamin C and their consumption helps boost
the body’s immune system (Holford 1998). Fruits
of Morus spp. were reported to have high ascor-
bic acid (286 mg/100g) followed by Baccaurea
sapida (273.33 mg/100 g) and Hippophae rham-
noides with 263 mg/100g (Sundriyal and Sundriyal
2001).

Carotenoid, Anthocyanin and Chlorophyll

Carotenoid of fruits ranged from 0.1to 63.0
mg/100g fresh weight. Machilus edulis was es-
timated with highest carotenoid followed by
Elaeocarpus sikkimensis (60 mg/100g fresh
weight), Terminalia chebula (22 mg/100g fresh
weight), Duchesnia indica (19 mg/100g fw) and
Castanopsis hystrix (14 mg/100g fresh weight)
while Morus alba was estimated with least caro-
tenoid. Carotenoid of remaining fruits ranged
from 0.2 to 8.0 mg/100g of fresh weight. Antho-
cyanin ranged from 0.1 to 3.8 mg/100g fresh
weight. Highest concentration of anthocyanin
was found in fruits of Rubus ellipticus followed
by Prunus cerasoides (3.0 mg/100g fresh weight),
while least was estimated for Castanopsis hys-
trix and Duchesnia indica. In remaining fruits
estimated anthocyanin ranged from 0.4 to 0.9
mg/100g fresh weight (Table 2). Anthocyanin
are polyphenolic pigments that belong to the
flavonoids and are responsible for providing red,
blue and violet colors found in most plant spe-
cies (Nielsen et al. 2003). They have received
considerable interest from health scientists and
nutritionists due to potential protective effects
against disease (Clifford 2000; Santos-Buelga
and Scalbert 2000). Significant variation was es-
timated in fruit chlorophyll among the species.
Machilus edulis with 2.3mg/100g fresh weight
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was estimated with highest chlorophyll followed
by Terminalia chebula and Elaeocarpus sikki-
mensis with 2.1mg/100g fresh weight while least
of 0.01mg/100g fresh weight was estimated for
Ficus roxburghii.

In general, edible fruits contain various nu-
tritive substances among which the most impor-
tant are minerals, organic constituents, Vitamin
C and growth substances (Malaisse 1997; Lou-
ra et al. 2000; Adebisi et al. 2012). In southern
Yunnan, China 52 species of wild edible fruits
were analyzed and reported to be a good source
of sugar, titrable acid, crude fat, crude fiber, starch
and soluble tannin (Jin et al. 1999). Earlier re-
ports also indicated that the wild edible fruits
found in Sikkim are a good source of fat, sugar,
protein and antioxidants (Sundriyal and Sundriy-
al 2001, 2003; Rai et al. 2005). Indigenous minor
or wild edible fruits of different areas were also
reported having rich source of various constitu-
ents (Khan et al. 2011; Legwaila et al. 2011; Valvi
et al. 2011; Mahapatra et al. 2012; Bhatt et al. 2013;
Rawat et al. 2014). The chemical composition es-
timated clearly indicates that these wild edible
fruits are a rich source of various constituents,
which have not been explored so far. Though clin-

ical study of these fruits has not been carried out,
people strongly believe they have certain thera-
peutic values (Rai et al. 2005). Such fruits of Sik-
kim, if studied properly mainly on antioxidant prop-
erties and other bioactive compounds, may find
place in the global markets.

CONCLUSION

All these fruits are a good source of fat, pro-
tein, sugars and antioxidants. These fruits are
available round the year and have a great poten-
tial in ensuring food and nutritional security at
times of food scarcity. Nutritional value of these
fruits needs further study so as to determine
how they compare nutritionally with the modern
diet. Such documentation will benefit the com-
munity through the use of locally and freely avail-
able health giving foods, which will also help
preserve their cultural pride.

Fruits like Passiflora indica, Spondias axil-
laris and Elaegnus latifolia have supplement-
ed the family income through sale as fresh and
processed. Processing the fruits has enhanced
their utilization by reducing wastage, year-round
availability and improved their marketing pros-

Table 1: Physical features of selected wild edible fruits

Scientific name Colour Shape/type   Weight (g)   Length (cm)   Width (cm) No. of  seed
and family

Castanopsis hystrix Light yellow Ovoid/ Nut 1.25±   0.45** 1.82± 0.19 1.07± 0.02 One nut
Miq.Fagaceae  brown
D. butyraceae Green to yellow Oval/ Berry 11.24±   1.86 3.24± 0.07 2.8± 0.45 3

when ripe Spherical to
D. indica Red oval/ Aggre- 3.02±   0.56 0.9± 0.28 0.45± 0.007 Many

gate
E. indica Green to yellow Oval or pear 22.3±   7.13 4.5± 0.21 2.61± 0.04 15

shaped/ Berry
E. latifolia Dark pink Oblong/ Drupe 9.47±   2.27 2.0± 0.56 1.6± 0.14 1
E. sikkimensis Green Oval/ Drupe 14.30±   2.41 3.52± 0.04 1.97± 0.05 1
F. roxburghii Rusty brown Globose/ 160.5± 19.1 3.8± 0.12 3.41± 0.14 Many

to purple  Cyconus
M. alba Pink to red and Short 3.47±   1.26 2.5± 0.27 1.3± 0.07 Many

black when ripe cylindric/
Psorosis

M. edulis Rusty brown to Oval/ Drupe 26 ±  15.25 6.76± 0.38 2.52± 0.10 1
Green

P. cerasoides Green to red Oval/ Drupe 2.94±   0.81 1.02± 0.03 1.01± 0.01 1
P. edulis Green to purple Oval/ Berry 7.79±   1.41 4.49± 0.04 4.48± 0.042 Many

with white specs
R. ellipticus Orange yellow Spherical/ 2.46±   0.47 1.5± 0.23 1.0± 0.01 Many

Aggregate,
etaerio of
berry

S. axillaris Green to yellow Oblong/ Drupe 12±   2.06 3.16± 0.09 2.43± 0.04 1
T. chebula Green Oval/ Drupe 4.86±   1.61 3.47± 0.19 1.80± 0.07 1
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pects through value addition. In turn, this had
led to better value recognition of these fruit spe-
cies and also promoted their conservation. In-
digenous minors or wild fruits have thus made a
crucial contribution towards subsistence econ-
omy and livelihood of Sikkim.

RECOMMENDATIONS

These wild edible fruits can contribute to-
wards subsistence economy and livelihood of
Sikkim. Processing these fruits can enhance their
utilization by reducing wastage, year-round
availability and improved their marketing pros-
pects through value addition. Nutritional value
of these wild edible fruits and their value added
products needs to be popularized and compared
nutritionally with the modern diet. Use of these
fruits also has the potential through selective
conservation and domestication, which can con-
tribute to the maintenance of plant biodiversity.
There is a need to distinguish and recognize
these fruits in terms of their nutraceutical values
and their value added products in the local or
national or international markets.

 REFERENCES

Abubakar S, Etim VA, Usman AB, Isyaku A, Sabo BB
2017. Nutraceutical potential of two wild edible fruits
growing in sub-Sahara region of Nigeria. American
Journal of Environmental Science and Engineer-
ing, 1: 52-58.

Adebisi  FA,  Pius IP, Michael  AO, Olutayo  OO, Olakunle
FA,  Akanji TF 2012. Chemical composition and anti-
oxidant capacity of the fruit pulp of Adansonia dig-
itata L. Int J of App Chem, 3: 165-172.

Afolayan A, Jimoh F 2009. Nutritional quality of some
wild leafy vegetables in South Africa. International
Journal of Food Science and Nutrition, 60: 424-
431.

Bagra G, De LC, Singh VB 2006. Collection and evalu-
ation of some indigenous lesser known fruits of
Arunachal Pradesh. Horticulture for Sustainable In-
come and Environmental Protection, 1: 224-231.

Beluhan S, Ranogajec A 2010. Chemical composition
and non-volatile components of Croatian wild edi-
ble mushrooms. Food Chemistry, 124: 1435-1452.

Bhatt ID, Rawat S, Rawal RS 2013. Antioxidants in
medicinal plants. In: S Chandra, H Lata, A Verma
(Eds.): Biotechnology for Medicinal Plants. Berlin,
Heidelberg: Springer-Verlag, pp. 296-326.

Bhatt ID, Rawat S, Badhani A, Rawal RS 2017. Nutra-
ceutical potential of selected wild edible fruits of the
Indian Himalayan region. Food Chem, 215: 84-91.

Burlingame B 2000. Wild nutrition. Journal of Food
Composition and Analysis, 13: 99-100.Ta

bl
e 

2:
 C

he
m

ic
al

 c
ha

ra
ct

er
is

ti
cs

 o
f 

se
le

ct
ed

 w
il

d 
ed

ib
le

 f
ru

it
s

Sp
ec

ie
s 

na
m

e
Fa

t 
(%

)
Pr

ot
ei

n
As

co
rb

ic
C

ar
ot

e-
A

nt
ho

-
C

hl
or

op
hy

ll
Ac

id
ity

To
ta

l
To

ta
l

R
ed

uc
in

g
N

on
-

(%
)

  
ac

id
no

id
s

cy
an

in
 (

m
g 

10
0g

-1
 f

w
)

 (
%

)
 s

ol
ub

le
 s

ug
ar

  
su

ga
r

re
du

ci
ng

(m
g 

10
0 

g-1
 (

m
g 

10
0g

-1
(m

g 
10

0g
-1

 s
ol

id
 (

%
)

(%
)

su
ga

r
 f

re
sh

 w
ei

gh
t

fw
)

   
 fw

)
(°

Br
ix

)
  

 (
%

)

C
. h

ys
tr

ix
3.

4±
0.

25
*

3.
5±

0.
02

0.
7±

0.
2

14
.4

±0
.7

0.
06

±0
.0

1
0.

90
±0

.3
7

0.
47

±0
.4

5*
4.

03
±0

.1
1

3.
33

±0
.0

9
3.

17
± 

0.
07

0.
14

±0
.0

2
D

. 
bu

ty
ra

ce
ae

1.
1±

0.
01

3.
9±

0.
03

24
.3

±3
.1

7.
6±

0.
3

0.
6±

0.
02

0.
1±

0.
00

2
1.

13
±0

.0
6

18
.5

0±
0.

58
12

.2
1±

0.
03

5.
98

± 
0.

04
5.

91
±0

.0
5

D
. 

in
di

ca
1.

1±
0.

15
1.

8±
0.

30
2.

54
±0

.3
19

.4
±0

.4
0.

07
±0

.0
1

0.
44

±0
.2

7
1.

46
±0

.4
5

6.
53

±0
.2

5
7.

52
±0

.1
5

3.
55

± 
0.

08
3.

76
±0

.0
5

E.
 i

nd
ic

a
0.

4±
0.

00
2

2.
1±

0.
02

7.
5±

0.
4

0.
3±

0.
4

0.
5±

0.
01

0.
02

±0
.0

01
1.

81
±0

.0
4

11
.5

3±
0.

57
13

.0
4±

0.
05

12
.9

0±
 0

.0
4

0.
12

±0
.0

3
E.

  
la

tif
ol

ia
0.

8±
0.

03
6.

2±
0.

01
11

.2
±1

.9
5.

8±
0.

02
1.

81
±0

.0
3

0.
05

±0
.0

1
3.

18
±0

.0
6

6.
92

±0
.0

8
3.

03
±0

.0
2

2.
72

± 
0.

04
4.

99
±0

.0
4

E.
 s

ik
ki

m
en

si
s

0.
3±

0.
02

6.
5±

0.
03

10
.0

±2
.0

59
.7

±0
.4

1.
5±

0.
05

2.
1±

0.
01

3
4.

15
±0

.0
3

17
.0

3±
0.

03
7.

26
±0

.0
3

5.
10

± 
0.

07
2.

05
±0

.0
6

F.
 r

ox
bu

rg
hi

i
0.

8±
0.

03
2.

7±
0.

25
3.

1±
0.

4
1.

3±
0.

08
0.

9±
0.

06
0.

01
±0

.0
02

0.
57

±0
.1

0
7.

60
±0

.1
1

8.
53

±0
.4

3
8.

38
± 

0.
39

0.
13

±0
.0

4
M

. 
al

ba
0.

3±
0.

02
8.

9±
0.

02
15

.7
±0

.4
0.

1±
0.

12
0.

4±
0.

06
0.

03
±0

.0
2

2.
21

±0
.5

4
4.

92
±0

.0
4

19
.8

3±
0.

19
15

.3
9±

 0
.6

3
4.

21
±0

.4
5

M
. 

ed
ul

is
21

.5
±0

.0
2

5.
6±

0.
01

5.
0±

1.
0

62
.9

±0
.5

0.
4±

0.
03

2.
29

±0
.0

6
3.

34
±0

.5
3

3.
55

±0
.5

9
3.

03
±0

.0
1

2.
31

± 
0.

03
0.

68
±0

.0
2

P.
 c

er
as

oi
de

s
9.

7±
0.

61
10

.0
±0

.6
4.

5±
0.

3
0.

96
±0

.3
3.

0±
0.

09
0.

16
±0

.0
1

1.
16

±0
.1

9
7.

88
±0

.2
6

7.
30

±0
.0

7
5.

86
± 

0.
03

1.
33

±0
.0

6
P.

 e
du

lis
0.

2±
0.

02
5.

6±
0.

01
27

.7
±4

.2
0.

38
±0

.1
1.

29
±0

.2
2

0.
13

±0
.0

2
2.

45
±0

.0
9

11
.3

4±
0.

60
13

.1
1±

0.
02

7.
85

± 
0.

06
0.

29
±0

.0
6

R.
 e

lli
pt

ic
us

5.
9±

0.
02

7.
6±

0.
54

5.
9±

1.
6

0.
2±

0.
02

3.
8±

0.
05

0.
15

±0
.0

1
2.

15
±0

.1
8

6.
14

±0
.5

8
8.

73
±0

.0
3

5.
66

± 
0.

07
2.

90
±0

.0
6

S.
 a

xi
lla

ri
s

1.
4±

0.
20

5.
4±

0.
02

32
.0

±4
.0

0.
3±

0.
03

0.
6±

0.
02

0.
92

±0
.0

2
3.

57
±0

.4
8

6.
86

±0
.1

1
3.

16
±0

.0
2

2.
01

± 
0.

07
1.

11
±0

.0
5

T.
 c

he
bu

la
1.

5±
0.

02
2.

2±
0.

03
7.

3±
0.

2
22

.4
±0

.4
0.

7±
0.

05
2.

14
±0

.0
2

3.
85

±0
.0

2
3.

98
±0

.1
9

3.
20

±0
.0

2
3.

00
± 

0.
04

0.
19

±0
.0

4

* D
at

a 
re

pr
es

en
ts

 t
he

 m
ea

n 
± 

SD
, 

si
gn

ifi
ca

nt
 a

t 
0.

01
%

 l
ev

el



NUTRACEUTICAL POTENTIAL OF SOME WILD EDIBLE FRUITS 111

Cahn H, DeFrancesco J, Nelson E, Martin L 1992.
Fruit quality evaluation of raspberries and blackber-
ries at North Willamette research and extension cen-
ter. Special Report/ Agricultural Experiment Sta-
tion, Oregon State University, 892: 2-9.

Clifford MN 2000. Anthocyanins - nature, occurrence
and dietary burden. Journal of the Science of Food
and Agriculture, 80: 1063-1072.

Crisosto CH, Crisosto GM 2001. Understanding con-
sumer acceptance of early harvested ‘Hayward’ ki-
wifruit. Post harvest Biology and Technology, 22:
205-213.

Fox BA, Cameron AG 1976. Food Science- a Chemi-
cal Approach. London, Sydney, Auckland, Toronto:
Hodder and Stoughton.

Holford P 1998. 100% Health. The Drug Free Guide
to Feeling Better, Living Longer and Staying Free
from Disease. London: Piatkus.

Jin C, Yin-Chun S, Gui-Quin C, Wen-Dun W 1999.
Ethnobotanical studies on wild edible fruits in south-
ern Yunnan: Folk names; nutritional value and uses.
Economic Botany, 53: 2-14.

Khan MN, Sarwar A, Adeel M, Wahab MF 2011. Nutri-
tional evaluation of Ficus carica indigenous to Pa-
kistan. African Journal of Food, Agriculture, Nutri-
tion and Development, 11: 5187-5202.

Koyuncu F, Koyuncu MA, Yidrm F, Vural E 2004. Eval-
uation of black mulberry (Morus nigra L.) geno-
types from lakes region, Turkey. European Journal
of Horticultural Science, 69: 125-131.

Legwaila GM, Mojeremane W, Madisa ME, Mmolotsi
RM, Rampart M 2011. Potential of traditional food
plants in rural household food security in Botswana.
Journal of Horticulture and Forestry, 3: 171-177.

Lichtenthaler HK, Wellburn AR 1987. Determination
of total carotenoid and chlorophylls a and b of leaf
extracts in different solvents. Biochemical Society
Transactions, 11: 591-592.

Loura BB, Mapongmetsem PM, Nkongmeneck BA, Foko
J, Kapchie NV, Denedoumba D 2000. Characteriza-
tion physico-chimique de deux Myrtaceaes alimen-
taires endemiques des savanes soudano-guineennes
(Adamaoua, Cameroun). Cameroon Journal of Bio-
chemical Sciences, 10: 31-39.

Lowry OH, Rosebrough NJ, Fan LA, Randall RJ 1951.
Protein measurement with the Folin-Phenol reagent.
Journal of Biological Chemistry, 193: 262-275.

Mahapatra AK, Satarupa M, Basak UC, Panda PC 2012.
Nutrient analysis of some selected wild edible fruits
of deciduous forests of India: An explorative study
towards non-conventional bio-nutrition. Advance
Journal of Food Science and Technology, 4: 15-21.

Malaisse F 1997. Se Nourrir En Foret Claire Africaine:
Approche Ecologique et Nutritionelle. de Gembloux/
CTA: Les Presses Gronomoques.

Mazumdar BC, Majumdar K 2003. Determination of
chemical constituents. In: Methods of Physico-chem-
ical Analysis of Fruits. Delhi: Daya Publication
House, pp. 93-139.

Mbuvi D, Boon E 2009. The livelihood potential of
non-wood forest products: The case of Mbooni divi-
sion in Makueni District, Kenya. Environment De-
velopment Sustainability, 11: 989-1004.

Moyer RA, Hummer KE, Finn CE, Frei B, Wrolstad RE
2002. Anthocyanins, phenolics, and antioxidant

capacity in diverse small fruits: Vaccinium, Rubus,
and Ribes. Journal of Agriculture and Food Chem-
istry, 50: 519-525.

Mugnozza GTS 1996. Ethics of biodiversity conserva-
tion. In: F Di Castri, T Younes (Eds.): Biodiversity,
Science and Development: Towards a New Partner-
ship. United Kingdom: CAB International, pp. 622-
629.

Mukherjee SP, Choudhury MA 1983. Implications of
water stress induced changes in the levels of endog-
enous ascorbic acid and hydrogen peroxide in Vigna
seedlings. Physiol Plant, 58: 166-170.

Myers N, Mittermeier RA 2000. Biodiversity hotspots
for conservation priorities. Nature, 403: 853-854.

Nielsen ILF, Dragsted LO, Ravn-Haren G, Freese R,
Rasmussen SE 2003. Absorption and excretion of
black currant anthocyanins in humans and watanabe
heritable hyperlipidemic rabbits. Journal of Agri-
cultural and Food Chemistry, 51: 2813-2820.

Norman N 1976. Food Science. 2nd Edition. INC-West-
port, Connecticut: The Avi Publishing Company.

Parmar C, Kaushal MK 1982. Ficus roxburghii. In:
Wild Fruits. New Delhi, India: Kalyani Publishers,
pp. 35-37.

Paull RE, Duarte O 2011. Tropical Fruits. Volume 1.
Wallingford, UK: CABI. 

Rai AK, Sharma RM, Tamang JP 2005. Food value of
common edible wild plants of Sikkim. Journal of
Hill Research, 18: 99-103.

Ranganna SC 1979. Manual of Analysis of Fruits and
Vegetable Products. New Delhi: Tata Mc Graw Hill
Publishing Company Ltd.

Rawat S, Andola H, Giri L, Dhyan P, Jugran A, Bhat ID,
Rawal RS 2014. Assessment of nutritional and anti-
oxidant potential of selected vitality strengthening
Himalayan medicinal plants. International Journal
of Food Properties, 1: 703-712.

Rawat S, Jugran A, Giri L, Bhatt ID, Rawal RS 2011.
Assessment of antioxidant properties in fruits of Myrica
esculenta: A popular wild edible species in Indian Hima-
layan Region. Evidence Based Complementary and
Alternative Medicine, Article ID 512787, 8 pages. Doi:
101093/ecam/neq055 512787.

Rodriguez-Saona LE, Wrolstad RE 2001. Extraction,
isolation, and purification of anthocyanins. In: RE
Wrolstad (Eds.): Current Protocols in Food Analyt-
ical Chemistry. Indianapolis: John Wiley, pp. 7-17.

Ruck JA 1969. Chemical Method for Analysis of Fruits
and Vegetables. Summerland B. C: Research Station,
Canada Department of Agriculture.

Santos-Buelga C, Scalbert A 2000. Proanthocyanidins
and tannin like compounds nature, occurrence, di-
etary intake and effects on nutrition and health.
Journal of Agricultural and Food Chemistry, 80:
1094-1117.

Sekeroglu N, Ozkutlu F, Deveci M, Dede O, Yilmaz N
2006. Evaluation of some wild plants aspect of their
nutritional values used as vegetable in eastern black
sea region of Turkey. Asian Journal of Plant Sci-
ence, 5: 185-189.

Sundriyal M, Sundriyal RC 2003. Underutilized edible
plants of the Sikkim Himalaya: Need for domestica-
tion. Current Science, 85: 731-736.

Sundriyal M, Sundriyal RC 2001. Wild edible plants of
the Sikkim Himalaya: Nutritive values of selected
species. Economic Botany, 55: 377-390.



112 KARMA DIKI BHUTIA, C. P. SURESH, NAZIR A. PALA ET AL.

Sundriyal M, Sundriyal RC, Sharma E 2003. Dietary
use of wild plant resources in the Sikkim Himalaya,
India. Economic Botany, 58: 626-638.

Sundriyal M, Sundriyal RC, Sharma E, Purohit AN 1998.
Wild edibles and other useful plants of Sikkim Hima-
layas, India. Oecologia Montana, 7: 43-54.

Thimmaiah SR 2009. Lipids. In: Standard Method of
Biochemical Analysis. New Delhi: Kalyani Publish-
ers, pp. 132-133.

Valvi SR, Deshmukh SR, Rathod VS 2011. Ethnobotan-
ical survey of wild edible fruits in Kolhapur district.
Journal of Applied Biology and Pharmaceutical
Technology, 2: 194-197.

Wrolstad RE, Robert WD, Jungmin L 2005. Tracking
color and pigment changes in anthocyanin products.
Trends in Food Science & Technology, 16: 423-428.

Zatylny AM, Ziehl WD, St-Pierre RG 2005. Physico-
chemical properties of fruit of chokecherry (Pru-
nus virginiana L.), high bush cranberry (Viburnum
trilobum Marsh.), and black currant (Ribes nigrum
L.) cultivars grown in Saskatchewan. Canadian Jour-
nal Plant Science, 85: 425-429.

Paper received for publication on February 2017
Paper accepted for publication on November 2017


