
 

 

  
Abstract—Antioxidant properties and nutritive values of raw and 

cooked Pool barb, Puntius sophore (Hamilton-Buchanan) of Eastern 
Himalayas, India were determined. Antioxidant activity of the 
methanol extract of the raw, steamed, fried and curried Pool barb was 
evaluated by using 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
scavenging assay. In DPPH scavenging assay the IC50 value of the 
raw, steamed, fried and curried Pool barb was 1.66 micro-gram/ml, 
16.09 micro-gram/ml, 8.99 micro-gram/ml, 0.59 micro-gram/ml 
whereas the IC50 of the reference ascorbic acid was 46.66miro-
gram/ml. These results showed that the fish have high antioxidant 
activity. Protein content was found highest in raw (20.50±0.08%) and 
lowest in curried (18.66±0.13%). Moisture content in raw, fried and 
curried was 76.35±0.09, 46.27±0.14 and 57.46±0.24 respectively. 
Lipid content was recorded 2.46±0.14% in raw and 21.76±0.10% in 
curried. Ash content varied from 12.57±0.11 to 22.53±0.07%. The 
total amino acids varied from 36.79±0.02 and 288.43±0.12 mg/100g. 
Eleven essential mineral elements were found abundant in all the 
samples. The samples had considerable amount of Fe ranging from 
152.17 to 320.39 milli-gram/100gram, Ca 902.06 to 1356.02 milli-
gram/100gram, Zn 91.07 to 138.14 milli-gram/100gram, K 193.25 to 
261.56 milli-gram/100gram, Mg 225.06 to 229.10 milli-
gram/100gram. Ni was not detected in the curried fish. The Mg and K 
contents were significantly decreased in frying method; however the 
Fe, Cu, Ca, Co and Mn contents were increased significantly in all 
the cooked samples. The Mg and Na contents were significantly 
increased in curried sample and the Cr content was decreased 
significantly (p<0.05) in all the cooked samples. 
 

Keywords—Antioxidant property, Pool barb, minerals, amino 
acids, proximate composition, cooking methods. 

I. INTRODUCTION 
NDIA is a vast country with a population of one billion, it 
ranks second in the world next only to China with an area of 

32,87, 263 sq.km. The Eastern Himalaya is a biodiversity rich 
region. The diversity is attributed to the recent geological 
history (the collision of Indian, Chinese and Burmese plates) 
and the Himalayan orogeny which played an important role in 
the speciation and evolution of groups inhabiting mountain 
streams [1]. Nestling in the southern foothills of the Eastern 
Himalayas in this vast country is the North Eastern (NE) 
region of India. The NE (latitude and East longitudes) covers 
an area of 2,55,083 sq. Km., which accounts for 7.8% of the 
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total landmass of India. The NE comprised of eight states- 
Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, 
Nagaland, Sikkim and Tripura. Puntiussophore (Hamilton-
Buchanan) (Family- Cyprinidae) is locally known as “Phabou-
nga” in Manipur and commonly called as Pool barb. The 
cooked and fried fish of P. sophore is locally called as 
“Phabou-Nga-Thongba” and “Phabou-Nga-Ataoba” in 
Manipur. The vegetable like Alocasia indica (Schott) 
commonly known as Elephant’s ear plant and locally known 
as “Yendem” in Manipur is mostly added in the curried Pool 
barb.  

Small Indigenous freshwater Fish (SIF) are defined as 
fishes which grow to the size of 25-30cm in mature or adult 
stage of their life cycle. They inhabit in rivers and tributaries, 
floodplains, ponds and tanks, Lakes, streams, lowland areas, 
wetland and paddy fields [2]. Small Indigenous fishes 
traditionally occupy an unenviable position and an inseparable 
link in the life, livelihood, health and the general well of the 
rural mass, especially the poor. An antioxidant is a molecule 
of slowing or preventing the oxidation of other molecules. 
Oxidation is a chemical reaction that transfers electrons from a 
substance to an oxidizing. Oxidation reactions can produce 
free radicals, which start chain reactions that damage cells. 
Antioxidants terminate these chain reactions by being oxidized 
themselves. As a result, antioxidants are often reducing agents 
such as thiols, ascorbic acid or polyphenol [3]. Minerals have 
several functions in the body, including the formation of the 
body structure, co-factor for enzymes and transformation of 
energy. They are constituents of the organic compounds such 
as proteins and lipids which make up muscles, organs, blood 
cells and other soft tissues of the body. Moreover, they are 
important in activation of enzyme and hormone systems. 
Cooking methods are important parameters for chemical 
composition and nutritive value of fish muscle [4]. Although 
fish is a good source of essential nutrients, cooking practices 
could cause modifications in proximate composition, fatty 
acids and amino acids as well as changes in solubility and 
nutritional quality of fish [5]. Another study indicated that 
cooking of fish consumed in Saudi Arabia leads to alteration 
in cholesterol, fat and protein content but the cholesterol 
content of raw and cooked fishes was not directly correlated to 
fat content [6].  

In Manipur there are some reports on fresh and processed 
fishes [7], [8]. However, there is no report so far on cooking 
methods/cooking effects on biochemical composition of fish 
used in our daily life. Thus, these studies was carried out to 
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determine the Antioxidant properties and nutritive values of 
raw and cooked small Indigenous fish Pool barb (Puntius 
sophore) of Eastern Himalayas. 

II. MATERIALS AND METHODS 

A. Sample Collection 
Fresh Puntius sophore was collected from Imphal and 

Moreh market of Manipur, Ujjan market of Guwahati, Assam, 
Lamphalong, Myanmar and other different markets of Eastern 
Himalayas. The vegetables like elephant’s ear plant, tomato 
and pea were purchased from different market and brought to 
the Life Sciences Department, Manipur University.  

B. Sample Preparation and Cooking 
Fresh fish were not chopped or beheaded and washed with 

tape water several times. The vegetables (Alocasia indica, 
tomato, pea, coriander leaf) were washed and chopped. 1kg of 
fish was divided into four equal lots, each lot equivalent to 
250g. The first lot was uncooked while the other three lots 
were cooked in the following methods i.e. steaming, frying 
and currying. Steaming was done in a pressure cooker 
(Hawkins pressure cooker). The frying of fish was carried out 
in a frying pan of 2 liter capacity at temperature 1800C for 4 
minutes. Soybean oil was used for pan-frying and its 
temperature during the frying process was 1800C. Fried fish 
was cooked with chopped vegetables for 35min. After the 
cooking process, for all methods, the bones and skins of fish 
were not removed and from fish curry vegetables were 
removed. All fish in each lot were homogenized using a 
mortar and pestle and analyzed to determine proximate 
composition and mineral contents. All assays were conducted 
on triplicate samples of the homogenates. 

C. Determination of Antioxidant Properties and DPPH 
Scavenging Activity 

The antioxidant activity of the Small fishes extract was 
examined by comparing it to the activity of known 
antioxidants such as ascorbic acid by scavenging of DPPH 
radical scavenging activity. For antioxidant properties, the 
dried fish samples were extracted in 90% methanol solution. 
The free radical scavenging capacity of the extracts was 
determined using DPPH (1,1-diphenyl-2-picrylhydrazyl) [9]. 
The reaction mixture consisted of 125 μM DPPH with 5 
μg/ml, 10 μg/ml, 15 μg/ml and 20 μg/ml of the fish extract. 
The stock solutions of 0.1mM ascorbic acid are used as 
reference antioxidants. After a 30 min incubation period in the 
dark room temperature, the absorbance was read against a 
blank at 517 nm. Percentage inhibition was determined by 
comparison with a methanol treated control group.  
 

DPPH decolouration (%) (1-OD sample/OD control) ×100 
 

The degree of decolouration indicates the free radical 
scavenging efficiency of the substances. 

D. Determination of Total Free Amino Acids, Proximate 
Composition and Mineral Elements Contents 

The total free amino acids were determined according to the 
[10]. The Calculation of the amount of total free amino acids 
was done using standard curve prepared from leucine by 
pipetting out 0.1-1.0ml (10-100µg range) of working standard 
solution. The results were express as percentage equipment of 
leucine. Proximate composition analysis for homogenized 
samples of raw and cooked fish were done in triplicate for 
protein, moisture, fat and ash contents. The moisture content 
was determined by drying the fish at an oven at 600C until a 
constant weight was obtained. Crude protein content was 
calculated by converting the nitrogen content determined by 
micro Kjeldahl’s method (6.25× N). Fat was determined by 
using the Chloroform-methanol (2:1, v/v) solvent system. Ash 
content was determined by dry ashing in a furnace at 5500C 
for 2 hour [11].For mineral determination, 5g of respective 
raw and cooked samples were digested in HNO3[12]. The 
digest was quantitatively transferred to a 50 ml volumetric 
flask and made up to volume with distilled water. A blank 
digest was carried out in the same way. The elements Fe, Cu, 
Zn, Ca, Co, Mn, Mg, Cr, Na and K were measured by atomic 
absorption spectrophotometry (AAS) using a Perkin Elmer 
spectra Atomic Absorption spectrophotometer model 3110. 
The mineral concentration was expressed as mg mineral/100g 
fish dry weight. 

III. STATISTICAL ANALYSIS 
The data were analyzed using one-way analysis of variance 

(ANOVA) and the significant differences between means of 
experiments were determined by post hoc Duncan’s multiple 
range test. A significance level of 0.05 was chosen. Data were 
analyzed using SPSS package (Version 17.0). Differences 
were considered significant at P<0.05 [13]. 

IV. RESULTS AND DISCUSSION 
The antioxidant activity of raw and cooked pool barb are 

shown in Figs. 1 and 2. The IC50 value of reference ascorbic 
acid was 46.66µg/ml. The antioxidant activity was highest in 
the curried (0.59µg/ml) and lowest in the steamed 
(16.09µg/ml) samples. Many proteins have been shown to 
have antioxidative activity against peroxidation of lipids or 
fatty acids. Kawashima [14] investigated the effects of many 
synthetic peptides on lipid oxidation and found that some 
peptides having branched-chain amino acids (valine, leucine 
and Isoleucine) showed antioxidative activity.  
 

World Academy of Science, Engineering and Technology
International Journal of Nutrition and Food Engineering

 Vol:8, No:1, 2014 

9International Scholarly and Scientific Research & Innovation 8(1) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 N
ut

ri
tio

n 
an

d 
Fo

od
 E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

1,
 2

01
4 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/9

99
71

18
.p

df



 

 

 

ac
ox
se
am
I. 
lo
bu
an
gl
m
A
as
V
be
en
an

Pu
20
fro
hi
(2
76
re

Fig. 1 Antio

Fig. 2

The peptide
cceptors that t
xidation of un
eer fish protein
mino acids of 
The curried s

owest in frie
uilding block
ntioxidant en
lycine and 

metabolites di
Amino acids ar
s reaction pro

Various studies
etween oxidiz
nzyme brow
ntioxidative pr

Proximate co
untius sophor
0.50±0.08 in r
om raw and
ighest prote
21.56±0.10). M
6.35±0.09%, 
espectively. T

oxidant propert

2 IC50 value of 

s containing 
take electrons

nsaturated fatt
n has exhibits
raw and cook
samples were
ed (36.79±0.0
ks for the s
nzymes. Som
histidine), sm

irectly scaven
re also sugges
oducts with 
s have shown 
zed lipids and
wning reacti
roperties [17]
omposition of 
re are shown
raw, 19.76±0.
d increased f
ein was re
Moisture cont
71.28±0.13 

The minimum

ties of raw and 

raw and cooked

basic amino
s from radical
ty acids. Shail
s the antioxida
ked pool barb 
 found highes
02) samples.
synthesis of 

me amino ac
mall peptide
nge oxygen 
sted to have a
carbonyls fro
results that s

d amino acids 
on compou
. 

f raw, steamed
n in Fig. 3. P
.10 in fried w
from curried
ecorded in 
tent in raw, s
and 57.46±0

m moisture wa

cooked Pool ba

d Pool barb 

o acids are e
ls formed dur
laja [15] repor
ant activity. T
were shown in
st (288.43±0.
. Amino aci

proteins, in
cids (e.g., ar
es and nitro

free radical
antioxidant pro
om oxidizing 
uggest that re
produce man

nds, which 

d, fried and cu
Protein conte
as slightly de

d (18.66±0.13
steamed s

steamed and 
0.24 were o
as observed i

 

 
arb 

 

electron 
ring the 
rted the 
he total 
n Table 
12) and 
ids are 
cluding 
rginine, 

ogenous 
s [16]. 
operties 

lipids. 
eactions 
ny non-

exert 

urried of 
ent was 
creased 

3). The 
samples 
curried 

obtained 
in fried 

fis
36
0.9

 

SOP

fis
low
(14
cu
the
tha
the
co
int
Sim
sun
sop
Th
Pu
Gu
ma
co
an
nu
tur
is 
als
im
cat
exp
my
thi
pro
co

sh (46.27±0.1
6.35±0.14, cu
91±0.01. 

Fig. 3 Proxim

TOTAL FREE AM
PHORE) VALUES A

Puntius
R

Ste
Fr

Cu
 
The lipid con

sh. Ash conte
west in curried
4.68±0.09) fo

urried. The pr
e cooking me
an raw or oth
e fried fish fil
oking process
to the food af
milar results h
nflower oil [
phore is main

he absorption 
untius sophore
ulf fish and s
akes the prot
oked fish [20

nd physical rea
utritive value.
rn increases it
loss in the ca

so dependent 
mportant wate

tfish and [1
plained in t
yofibrillar pro
is leading to 
otein fraction
agulated by h

4). Lipid con
urried 21.76±

mate Compositi

TA
MINO ACIDS OF RA

ARE SHOWN AS M
s sophore 

Raw 
amed 
ried 

urried 

ntent of fried 
ent was high
d 12.57±0.11.
ound decrease
roximate com
ethods. Fried f
her cooked fis
llets is also re
s. Fat increase
fter water is p
have been rep
19]. The low

nly due to abso
of water is ev

e similar repor
shrimps. The 
tein and fat c
0]. During co
actions take p
Cooking indu

ts lipid conten
ase of the oili
on the type o

er loss was f
9] in Africa

terms of den
oteins and dis

a decreasing
n. All prot

heat. The tem

ntent was fou
±0.10 and l

 

ion of raw and 

ABLE I 
AW AND COOKED 
MEAN±STANDARD

Total fre
196.53±
41.04±
36.79±

288.43±

fish had high
hest in steam
. The ash cont
ed from raw 

mposition of fi
fish had a hig
sh. The increa
elated to oil ab
e can be due t
partially lost b
ported for Afr
wer fat conten
orption of wat
vident when w
rts have been 
decrease in th
content incre
oking of fish

place that imp
uces water los
nt in most case
iest fish. Mor
f cooking [21
found by We
an catfish. W
naturation of
sruption of th
g water holdi
eins are fir

mperature of co

und highest in
lowest in st

cooked Pool ba

POOL BARB (PUN
D ERROR OF TRIP

ee amino acids 
±0.14c mg/g 

±0.01b mg/g 
±0.02a mg/g 
±0.12d mg/g 

her fat than th
med 22.53±0.0
tent of fried fi
and increased
ish was affec
gher level of 
ase in fat con
bsorption duri
to the oil pene
by evaporation
ican Catfish f
nt in the curr
ter used in the

we compare th
found from A
he moisture c

ease significan
h products, ch
prove or impa
ss in the food,
es and only so
reover, this ef
]. After cook

eber [22] in 
Water loss c
f sarcoplasmi
he muscle str
ing capacity 
rst denatured
oagulation inc

n fried 
teamed 

 
arb 

UNTIUS 
PLICATES 

he raw 
07 and 
ish was 
d from 
cted by 
fat ion 

ntent of 
ing the 
etration 
n [18]. 
fried in 
ried P. 
e curry. 
he fried 
Arabian 
content 
ntly in 

hemical 
ir their 
, but in 
ome fat 
ffect is 
ing, an 
Silver 

can be 
ic and 
ructure, 

of the 
d then 
creases 

World Academy of Science, Engineering and Technology
International Journal of Nutrition and Food Engineering

 Vol:8, No:1, 2014 

10International Scholarly and Scientific Research & Innovation 8(1) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 N
ut

ri
tio

n 
an

d 
Fo

od
 E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

1,
 2

01
4 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/9

99
71

18
.p

df



 

w
so
of
th
io
w
w
ob
nu
str
he
af
hi
co
th
[2

w
hi
K
ra
in
sig
82
fin
N
co
hi
ch
(p
Zn
m
co
so
he
co
su
co
in
ta
th
in
co
ce
hu
ro
ov
of
th
ac
ch
an
fu
m
de

el

with the addit
oftening of pro
f coagulation 
he compositio
onic strength o

which decrease
water/oil with 
btained durin
utrients in the
ructure of the
ence the signi
fter the differ
ighest in raw
onsistency and
heir edible for
25]. 

The mineral 
were shown in
ighest signific

K was found h
aw. The Fe co
n Fe content 
gnificant (p<0
2.24±0.10mg/
nding was rep

Na content in
ontent of raw 
igher than th
hanges in C
p<0.05). The C
n content of r

mg/100g.The K
ontent of fish
ource of diffe
ealth. The min
oncentration o
uch variations 
oncentration in
n a weakness 
aste and smell 
hese elements 
n a cellular m
omponent of 
ellular metabo
uman health a
ole in a large 
ver 300 enzym
f intermediary
he expression 
ction of pept
hromatin and 
nd developme
unctions, cel

metabolism. Lo
ecreased absor

Indeed, a m
lderly subjects

tion of other 
oteins in food
[23]. The am

on of muscle,
of the extra cel
es the solubil
food items pa

ng frying hav
e food item as
e oil and dena
ificant differe
rent processin
w, this migh
d high scaly n
rms more abu

elements con
n Fig. 4. The
cantly in fried 
highest in ste

ontent of raw f
after cooking

0.05).The Na 
/100g and 1
ported by [19]
n fried and g

fish was 902
hat reported b
Ca content o

Cu content of
raw was mg/1
K content of 
h makes fish u
erent minerals
neral element
of fish samp
to the chemic

n the environm
immunity sys
disorder impo
are harmful t

metabolism di
the vitamin B
olism are zin
and well-being
number of m

me reactions. Z
y metabolism
of genetic in

tide hormone
bio membran

ent, protein an
l mediated 
ong term mar
rptive efficien
oderate defici
s [30], even i

ingredients. 
ds as water is 
ount of loss i
, denaturation
llular fluid an
lity of protein
articularly at 
ve been sho
s well as caus
aturing of the

ence recorded
ng methods. T
ht be due t
nature. Such f
undantly than

ntent of raw an
e Fe, Mn, M

d and curried. 
eamed. Ni and
fish was 152m
g for method
content of raw

101.21±0.07m
] indicating si
grilling Afric
2.mg/100g. Ho
by other auth
of all sample
f raw was 4.0
100g. The Co

raw was mg
unavoidable i
s that contrib
ts were record
le [28]. Win
cal forms of th
ment. The lac
stem, depressi
otence. Howe
to the human 
isorders. Cob
B-complex. N
nc dependent.
g. It has a stru

macromolecule
Zinc ions part

m, transmission
formation, sto
s and structu

nes. Zn is thu
nd DNA synt

immunity, 
rginal intakes 
ncy could seve
iency of Zn 
in industrializ

Cooking res
bound in the p
s probably rel

n of proteins 
nd oxidation of
ns. The react
high tempera

own to affect
sing alteration
e food nutrien

d in moisture 
The ash conte
to its higher
fish offer min
n large-sized 

nd cooked Po
Mg, Na conte

The Cu, Zn, C
d Cr was hig

mg/100g. The 
ds was found
w and fried fi

mg/100g. A 
gnificantly in

can catfish. T
owever, this v
hors [26], [27
es were sign
0±0.02mg/100
o content of fi
g/100g. The m
in the diet as
bute greatly t
ded variation 
ndom [29] att
he elements an
ck of Zn could
ion, impaired 

ever, big quant
body and can

alt is known 
Numerous asp
 Zn is essen

uctural and fun
s and is requi
ticipate in all 
n, and regula
orage, synthes
ural maintena

us needed for 
thesis, neuro-s
thyroid and
of Zn couple

erely comprom
is often obse
zed countries.

 

sults in 
process 
lated to 
by the 

f lipids, 
tions of 
ature as 
t some 
n of the 
nts [24] 
content 

ent was 
r bony 

nerals in 
fish do 

ool barb 
ent was 
Ca, Co, 
ghest in 
change 

d to be 
fish was 

similar 
creased 

The Ca 
value is 
7]. The 
nificant 
0g. The 
fish was 
mineral 

s it is a 
to good 
in their 
tributed 
nd their 
d result 
vision, 

tities of 
n result 
for its 

pects of 
ntial for 
nctional 
ired for 
aspects 

ation of 
sis, and 
ance of 
growth 
sensory 

d bone 
ed with 
mise. 
rved in 
. About 

90
me
cer
 

fis
sou

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10

[11

[12

[13

[14

0% of the 
etalloproteina
rebral cortex [

Fig. 4 Miner

The results 
shes displayed
urce of essent

K. Kottelat Zo
with an annota
1-54. 
U.K Sarkar an
India: Signifi
Magazine. 201
H, Sies. Oxida
pp. 291-295 
Z. Usydus, Sz
acid profiles o
139-145. 
A.M. Castrillo
composition a
produced by fr
1997, pp. 125-
E. H. Ewaidah
and cooked co
Nutr; 1993, vo
Ch. Sarojnali
composition o
vol. 9, pp. 1-5
W. Sarjubala 
on proximate 
Manipur. Inter
M.K. Cuendet
free radical s
Chemica. Acta

0] S. Moore and
and Kaplan, N

1] AOAC. Officia
(13thed.). Wash

2] AOAC. Officia
(16thed.). Wash

3] R.R Sokal and
(Ed), 2nd editio

4] K. Kawashima
of branched-ch
1912-6. 

total brain
se. Zn in th
[31], the think

ral elements con

V. CON

suggest that 
d high antioxi
tial mineral co

REFE

oogeography of t
ated checklist. Bu

nd W.S. Lakra. Sm
icance, Conserva
10, pp. 34-35. 
ative stress: Oxid

zlinder-Richert, J
of fish products a

on, P. Navarro, 
and nutritional qu
frozen storage and
-32. 
h. Cholesterol Fa
ommercial fish s
ol. 30, pp. 283-92
ini and W. Vis
of some freshwat
. 
and Ch. Sarojnal
and mineral com

r. J Adv. Biol. Res
t, K..Hostettmann
scavenging prope
a. 1997, vol. 80, p
d W.H Stein. In: 
N.D), Academic p

al methods of An
hington DC: AOA
al methods of An
hington DC: AOA

d F.J. Rohlf. Intro
on, New York, U
a, H. Itoh, M. M
hain amino acid 

n Zn is 
he adult brain
king part of th

ntents of Pool b

NCLUSION 
the methano

idant activity.
ontents and nu

ERENCES 
the fishes from In
ulletin Zoologisc

mall indigenous f
ation and utiliza

dants and antioxid

.M Adamezyk .P
available in Pola

E. Alvarez-Pont
uality of fried sar
d microwave reh

at and Food energ
species from theA
2. 
shwanath. Studi
ter fishes of Man

lini. Impact of di
mposition of Am
s. 2012,vol. 2, no
n and O. Potterat
erties from Frag
pp 1144-1152. 

Methods Enzym
ress, New York, 

nalysis of associa
AC. 1980 

nalysis of associa
AC. 1995 

oduction to biosta
SA, 1974, pp.363

Miyoshi, I. Chibat
derivatives. Che

tightly boun
n is located 

he brain.  

barb (P. sophor

ol extracts of
. The fish is a
utritive value.

ndochinese inlan
ch Museum. 1989

freshwater fish sp
ation. Aquacultu

dants. Exp. Physi

Protein quality an
and. Food Chem 

tes. Changes inc
dine (Clupeapil c

heating, J Sci Foo

gy content ofsele
Arabian Gulf. Ec

es on the Bioc
nipur. J. Adv. Zo

ifferent cooking 
blypharyngodon 

o.4, 712-716. 
t, “Iridoidglucosi
garea blumei”. H

mol. (Eds. Colow
1948, 3, pp.468
tion of analytical

tion of analytical

atistics. In: W.H. F
3. 
ta. Antioxidant pr
em Pharm Bull 1

nd to 
in the 

 
re) 

f small 
a good 

nd waters 
9 12, pp. 

pecies of 
ure Asia 

iol, 1997 

nd amino 
2009pp. 

chemical 
chardus) 
od Agric; 

cted raw 
col Food 

chemical 
ool.1988, 

methods 
mola of 

des with 
Helvetica 

wick, S.P 

l chemist 

l chemist 

Freeman 

roperties 
979, 27, 

World Academy of Science, Engineering and Technology
International Journal of Nutrition and Food Engineering

 Vol:8, No:1, 2014 

11International Scholarly and Scientific Research & Innovation 8(1) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 N
ut

ri
tio

n 
an

d 
Fo

od
 E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

1,
 2

01
4 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/9

99
71

18
.p

df



 

 

[15] N.R. Shailaja, C. Chellaram,M. Chandrika, R.C Gladis and T. Prem 
2012 Antioxidant properties of Seer fish meat. International Journal of 
Pharma and Bio Sciences2012vol.3No.3,pp.B 173-178 

[16] G.Wu and C. J. Meininger 2002. Regulation of nitric oxide synthesis by 
dietary factors. Annu Rev Nutr 2002, vol.22, pp.61-86. 

[17] M. Alaiz, R. Zamora and J. Hidalgo (1995) Natural antioxidants 
produced in oxidized lipid/amino acid browning reactions. JAOCS 1995, 
vol.72,pp. 1571-1575 

[18] S.Saguy and D. Dana, 2003. Integrated approach to deep fat frying : 
Engineering, nutrition, health and consumer aspects. Journal of Food 
Engineering. 2003, vol.56, pp. 143-152. 

[19] R. Rosa, N.M. Bandarra and M.L. Nunes, 2007. Nutritional quality of 
African Catfish Clariasgariepinus (Burchell 1822): A positive criterion 
for the future development of the European production of Siluroidei. 
International J. of Food Sceince and Technology, 2007, vol. 42, pp. 342-
351. 

[20] M. T. Garcia-Arias, E. A. Pontes, M.C. Garcia-Linares,M.C.Garcia-
Fernandaz and F.J. Sanchez-Muniz. Cooking-Freezing reheating (CFR) 
of sardine (Sardinapilchardus) fillets. Effects of different cooking and 
reheating procedures on the proximate and fatty-acid compositions. 
Food Chem.2003vol.83, pp. 349-356. 

[21] A.P. Hearty, McCarthy, J.M Kearney, M.J. Gibney. Relationship 
between attitudes towards healthy eating and dietary behavior, lifestyle 
and demographic factors in a representative sample of Irish adults. 
Appetite, 2007, vol.48,pp. 1-11 

[22] J. Weber,V.C. Bochi, C.P. Ribeirio, A.M. Victorioand T. Emanuelli. 
Effect of different cooking methods on the oxidation (RhamdiaQuelen) 
fillets. Food Chemistry, 2008, vol.106pp. 140-146 

[23] R. Sumati, M. V. Mudambi, Rajagopal. Fundamentals of foods and 
nutrition (4thEdn) In: Effect of preparation of food components. 
Published by K.K. Gupta for New Age International (p) Ltd, 4835/24, 
Ansari Road, Daryaganj, New Delhi2001, pp. 292-299 

[24] C.E. Eriksson. Oxidation of lipids in food systems. In: Autoxidation of 
unsaturated lipids. HWS Chans (Ed). Academic press, London, 1987, 
pp. 207-231. 

[25] H. Higashi. Relationship between processing techniques and the amount 
of vitamins and minerals in processed fish. In Fish to Nutrition ed. R. 
Heenan R. Krauzer. London Publ. New (Bks) Ltd. London, 1962, pp. 
125-131.  

[26] S.P. Lall. Vitamins in fish and shellfish. Fish and fishery products. 
Composition, nutritive, properties and stability. A. RuiterBiddles Ltd. 
U.K 1995, pp. 157-213 

[27] F. W. Wheaton and T.B Lawson. Processing aqutic food products. John 
Willey &Sons, USA1985 

[28] A.A. Eyo. Fish Processing Technology in the Tropics. National Institute 
for Freshwater Fisheries Research (NIFFR) New Bussa, Nigeria, 2001, 
pp 10-170. 

[29] H. Windom, D. Stein, R. Sceldon, and J. R Smith, “Composition of trace 
metal concentrations in muscle of a benthopelgic fish. (Coryphaenoides 
armatus) from the Atlantic and Pacific oceans”. Deep sea Research , 
1987,vol. 34,pp. 213-220 

[30] J. Blumberg J (1997) Nutritional needs of seniors. J. Am. Col. 
Nutr.1997, vol. 16 pp. 517-523. 

[31] C.J. Frederickson, S.S. Won, D. Silva, C.J. Frederickson CJ and R. B. 
Thompson. Importance of Zn in the central nervous system: the Zn-
containing neuron. J. Nutr. 2000, vol.130, pp. 1471S-1483S. 

 
 
 
Chungkham Sarojnalini was born on 1st Feb. 1958. B.Sc. Zoology honour 
Gauhati University 1979; M.Sc. In Life Sciences Fishery specialization J.N.U 
Centre, Imphal 1982;Ph. D Fish and Fisheries Manipur University 1989.  

Her research experienced as 1. Junior Research Fellow under CSIR, New 
Delhi during 1986-88 on the topic studies on the Biology nutritive value of 
Endemic fishes of Manipur, India; 2. Junior Research Fellow under DST, New 
Delhi during 1988-89 on the topic “Nutritive evaluation of processed and 
fermented fishes of Manipur, India”. 

3. Research Associate under CSIR, New Delhi during 1989-93 on the topic 
Studies on the composition and nutritive values of fermented fish products of 
Manipur. 4. Research Associate under UGC, New Delhi during 1993-1998 on 
the topic Nutritive Aspect of fermented fish product of Manipur, India.5. 
Project Investigator under UGC, New Delhi during 1998-2000 on the topic 
Studies on the Spoilage and micro-organisms involved in the fermentation of 
Ngari of Manipur, India.6.  

Join as Assistant Professor in Life Sciences Department Manipur 
University on 13/11/1998. 7. Promoted as Reader in the year 2002, at present 
as Associate Professor from 26/8/2010 till date. Book chapter: Sarojnalini, 
Ch., suchitra, T and Jaya, N (2005). “Studies on the microbial flora to two 
weed fishes with reference to their environment”. In Advancing frontiers of 
ecological researches in India (Eds.). A.K. Kandya and Asha Gupta published 
by Bishen Singh Mahendra Pal Singh, Dehra Dun, India. Pp. 389-396. 

Sarojnalini, Ch. T. Suchitra and N.Jaya Devi (2009).Prospects and 
Utilization of Wetland Fish Resources in Manipur, using Traditional 
Preservation techniques.In Wetlands of North s East India, Biology, 
Aquaculture Bioresources& Conservation (Eds.) 

Wahengbam Sarjubala Devi and Ch Sarojnalini “The organic carbon 
stocks of some freshwater fishes of Manipur. Bioresources and Traditional 
Knowledge of Northeast India Edited by K Khelchandra, Kulendra C. Das and 
H. Lalruatsanga. 
Her research interested areas are Biochemical aspects of fresh and processed 
fishes of plain and hill stream fishes. 

Dr. Sarojnalini was reviewer of the European food research and 
Technology, SPRINGER., Life member of the Journal of food Science & 
Technology, Mysore., Life member of the Fisheries Technologists (India), 
Cochin., Member, Inland Fishery Society of India., Member Zoological 
Society of India., Aquatic Biodiversity Conservation Society, India, 
Lucknow., Member Ichthyological Society Of Japan, Japan. 
 
 

Wahengbam Sarjubala Devi received the B.Sc. and M.Sc. 
degrees in Zoology from Manipur University in 2001 and 
2007, respectively. She is now working as a Research 
Scholar in the Fishery Research Laboratory Life Sciences 
Department, Manipur University, Canchipur, Imphal, India. 
Her research interests are in the field of Cold water fisheries 
and ecology, Biochemistry of Fish, Nutritional techniques 

and methodology etc. 

World Academy of Science, Engineering and Technology
International Journal of Nutrition and Food Engineering

 Vol:8, No:1, 2014 

12International Scholarly and Scientific Research & Innovation 8(1) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 N
ut

ri
tio

n 
an

d 
Fo

od
 E

ng
in

ee
ri

ng
 V

ol
:8

, N
o:

1,
 2

01
4 

pu
bl

ic
at

io
ns

.w
as

et
.o

rg
/9

99
71

18
.p

df


