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Fish is a unique, beneficial and cheapest resource of healthy, nutritious food source all over the world. Most cultivable major
carps in inland aquatic system, Catla catla, Labeo rohita, Cirrhinus mrigala are considered as good source of essential long
chain n-3 polyunsaturated fatty acids with low fat high protein content. Though the effects of different cooking and preserva-
tion methods on many marine fish have been broadly studied, much less research has been done on the these carps which
are more widely available and consumed. This study, therefore, recorded the changes in biochemical composition, fatty acid
profiling during frying and freezing and analysed their potential contribution to human health from nutritional quality indices.
Fried treatment had significantly (p < 0.05) higher n-6 polyunsaturated fatty acids content and due to uptake of culinary oil,
reduced some advantageous parameters like essential n-3 fatty acids content, n-3: n-6 and cis:trans fatty acids ratio (p <
0.05). But during frying declining rate of index of atherogenicity, index of thrombogenicity along with rise in hypocholesteromic/
hypercholesteromic fatty acid ratio directly advocated for positive effect on health and prevention of cardiovascular diseases.
However, during the most common and commercial preservation method, frozen storage directed to lipid deterioration that
unfavourably affected the valuable nutritive food quality of fish. It was concluded that freezing affected nutritional quality of
fish detrimentally but overall effect of frying is good for health. This study may initiate new line of research on implication of
thermal perturbation in nutritional quality of food with their effect on human health.
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Introduction
There is a growing awareness all over the world regard-

ing healthy and nutritional food. Fish is finding more accep-
tance as an excellent source of animal protein for providing
means to tide over the nutritional difficulties of man1. Apart
from being a significant source of protein and essential amino
acids, it is also fundamental resource of vitamins, beneficial
minerals, nutritionally valuable lipids and adequate amount
of essential fatty acids (FAs)2–5. The polyunsaturated fatty
acid (PUFA) is well-known to play fundamental roles not only
in normal growth, development, and reproduction of all ver-
tebrates5 but also provide their efficacious activity to prevent
inflammation, blood clotting. They regulate the body choles-
terol metabolism for reducing the chances of atherosclero-
sis, hypertension and triacylglycerolemia, maintain a corre-
lation between the dietary intake of omega-3 (n-3) long chain

polyunsaturated fatty acid (LC-PUFA) with neurological dis-
orders, diabetes and obesity6–12. Omega-3 and omega-6 (n-
6) FAs are not synthesized in the human body, but their in-
clusion in the human diet is essential for their numerous nu-
tritional benefit in the area ranging from fetal development to
cancer prevention6. Recently, various scientific bodies re-
commend the dietary intake of essential n-3 FAs like
eicosapentaenoic acid (20:5n3, EPA), docosahexaenoic acid
(22:6n3, DHA), appropriate n-3:n-6 ratio in their nutritional
guidelines for optimal health10,13,14.

The major carps, Catla catla, Labeo rohita and Cirrhinus
mrigala are the mainstay of freshwater aquaculture. These
three major carps are highly preferred farmed fish all over
the world because of their rapid growth rate and greater ac-
ceptability to consumers5,15. These carps are immense
source of nutritionally enriched lipids, FAs and proteins to
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enhance their economic importance to human nutrition. They
contain a high amount of n-3 and n-6 LC-PUFAs9,16. How-
ever, the consumption of raw fish is rare all over the world.
For preservation, frozen storage is considered to be an ad-
mirable process to prevent alteration in the product and to
retain the food value for an extended time and reduce dete-
rioration in product flavor, color, and texture by inhibiting mi-
crobial spoilage. The changes in FA profiling such as alter-
ation of n-3:n-6 and the total amount of PUFA, protein and
other biochemical components during the cooking and fro-
zen storage may have an adverse effect towards human
health10,17. LC-PUFAs are especially susceptible to oxida-
tive breakdown and lead to production of volatiles associ-
ated with rancidity during different culinary treatment14,18,19

and frozen storage20–22. However, a number of studies  have
revealed that FA compositions, EPA and DHA amount re-
main unaltered during different cooking and preservation
methods23,24.

Notably, most of the above mentioned studies were car-
ried out to establish the effect of different types of cooking
and preserving method on proximate composition, vitamins
and minerals contents, lipid profiling of marine fish species.
On the other hand, some studies have examined the varia-
tion in biochemical composition, FA profile among major carp
species from different fish farms or diverse ecosystem. The
literature study further reveals a dearth of data for the effect
of different cooking and preservation processes on freshwa-
ter major carps involving various biochemical aspects and
their implication towards human health. Therefore, in the
present study, we have investigated the influential effect of
freezing at –20ºC, the most common domestic and commer-
cial method for preservation25 and the consequence of fry-
ing with mustard oil for both fresh and frozen conditions for
the comparative study of proximate composition, FA profile
of three Indian major carps along with multivariate analysis.
In particular, the results were analyzed for highlighting the
variation of different nutritional parameters and indices like
index of atherogenicity (IA), index of thrombogenicity (IT),
hypocholesteromic/hypercholesteromic FA ratio (HH) at dif-
ferent conditions. The importance lies in the fact that these
factors have direct role in categorizing the nutritional impor-
tance of the food concerning human health.

Experimental
Sampling protocol:
Fish samples of 1±0.2 kg weight of the three Indian ma-

jor carp species, i.e., Catla catla, Labeo rohita and Cirrhinus
mrigala were collected in the fresh state from local markets
of Durgapur, West Bengal, India. Three samples of each
species (i.e., total 9 samples) were collected and kept in
polyethylene bags and then transported to the laboratory
facility immediately for further processing.

Sample preparation:
After measuring the biometric data (weight and length) of

each specimen of fish, the head was cut off and was eviscer-
ated, filleted and washed thoroughly with deionized water
and processed to yield boneless, skinless fillets. Each fish
sample was initially divided into two parts. First part was then
analyzed in two conditions, i.e., fresh and fried. Frying was
carried out in presence of 10 g mustard oil per 100 g sample
at 180ºC for 10 min. The second part was packed in polyeth-
ylene bags and stored in a deep freezer for 30 days at –20ºC
after which they were analyzed in two conditions, viz., frozen
and frozen-fried. The raw edible part of the three samples of
each fish species were homogenized together prior to analy-
sis and the homogenate were taken for individual analytical
tests. All the experiments were performed in triplicate to en-
sure the reproducibility of the data.

Chemicals and standards:
All the chemicals were of AR grade and purchased from

MERCK. Standard of 37 components fatty acid methyl es-
ters (FAME) were procured from Sigma Aldrich (St. Louis,
MO, USA).

Proximate analysis:
Moisture content:
The moisture content of the fish samples for all condition

were analyzed by using standard analytical methods of As-
sociation of Official Analytical Chemists (AOAC)26. 10±1 g
of the wet weight of fish samples were taken and dried to
constant weight at 105ºC in a hot oven.

Ash content:
The ash content of all the samples was measured ac-

cording to the methods of AOAC26. After determination of
the moisture content, the samples were incinerated at high
temperature (550ºC) in a burning muffle for 5 h. After cooling
at room temperature, the obtained ash was weighed.
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Carbohydrate content:
The carbohydrate content of the samples were deter-

mined by the anthrone method27. 5±1 g of the sample was
homogenized with 50 ml 5% TCA solution. Then, the mixture
was centrifuged, and the supernatant was collected. Two
percent anthrone reagent in sulfuric acid in ice-cold condi-
tion was added to each collected sample. Sample tubes were
heated in a water bath, cooled and absorbance was mea-
sured at 625 nm using UV-Vis spectrophotometer.

Protein content:
The Kjeldahl method was performed according to method

981.10 of the AOAC26. The amount of total nitrogen in the
samples was multiplied with the traditional conversion factor
of 6.2528 to estimate crude protein in the samples. The per-
centage of crude protein was calculated by the formula [%
Protein = (VA – VB)×1.4007×N×6.25/g sample].

Lipid content:
The lipid was extracted thrice from each sample with

chloroform:methanol (2:1; v/v)29. The three extracts were
combined into an acid wash followed by a salt wash (0.9%
aqueous NaCl solution). Total lipid (TL) was determined gravi-
metrically by evaporating lipid containing organic solvent
under reduced pressure using a rotary evaporator. Nitrogen
was flushed into fish lipid samples and kept it at –20ºC until
analysis.

Caloric value:
The caloric value was calculated using the individual calo-

rie factors, 4.0 kcal for protein, 9.0 kcal for fat and 4.0 kcal
for carbohydrate30.

Lipid class separation by column chromatography:
TL was subjected to column chromatography using silica

(60–120 mesh) as described by Dreyfus et al.31. The column
was conditioned with chloroform and neutral lipids (NL), gly-
colipids (GL) and phospholipids (PL) were eluted sequen-
tially with 10, 30 and 10 column volumes of chloroform, ac-
etone and methanol respectively. Solvents were evaporated
by rotary evaporator and all types of lipid were estimated
gravimetrically. All fractions were stored at –20ºC for further
analysis.

FA analysis:
The FAs from TL, NL, PL and GL were transmethylated

to fatty acid methyl ester (FAME) with the sulphuric acid in

methanol method32. FAME concentrations were quantified
on an Agilent 7820 A GC with the following configuration:
column = DB-23 (30 m×320 m×0.25 m), carrier gas =
helium, flow rate of 1.7086 ml/min, injector = 250ºC and de-
tector = Flame ionization detector @ 280ºC. Oven tempera-
ture = initially 50ºC, 50–180ºC at 15ºC/min, 180ºC for 5 min,
180–240ºC at 8ºC /min, 240ºC for 15 min, sample volume =
1 L. The detailed FAs composition of mustard oil before
and after frying was analysed in similar way. Identification
and quantification of the FAME in the samples was based on
comparison of their retention times with a 37 component
FAME standard (Supelco 37 component FAME Mix, Sigma-
Aldrich). Results have been reported as percentage (%) con-
tribution of each FAME to total quantified FAME.

Nutritional quality indices (NQI):
The data from FA analysis of TL were used to calculate

the nutritional impact of the lipid. In the present study, nutri-
tional quality of the lipid was assessed by IA, IT and HH.

IA and IT was determined by using the following formula33.

aS + bS + cS
IA = ————————— (1)

dP + eM + fM

S = the percentage of C12:0, S = the percentage of C14:0,
S = the percentage of C16:0, P = n-3 + n-6 PUFA, M =
the percentage of C18:1, M = the percentage of other
monounsaturated fatty acids (MUFAs), a, b, c, d, e, f are
constant term where b = 4 and a, c, d, e, f are unity

mS
IT = ——————————————————— (2)

nM + oM + p(n–6) + q(n–3) + (n–3)/(n–6)

S = the sum of the percentage of C14:0, C16:0 and C18:0, M
= the percentage of C18:1, M = the 218 percentage of other
MUFAs, m, n, o, p, q are constant term where m = 1, n, o, p
= 0.5 and q = 3.

IA and IT indicated a correlation between the sum of main
saturated fatty acids (SFAs) and main classes of unsatur-
ated fatty acids (UFAs). The SFAs were known as pro-athero-
genic or pro-thrombogenetic while UFAs were defined as anti-
atherogenic or anti-thrombogenetic for IA and IT respec-
tively34.

HH provided a corelationship between specific FAs on
cholesterol metabolism of human health34.
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(C18:1cn–9 + C18:2 n–6 + C18:3 n–3 +
C20:5 n–3 + C22:5 n–3 + C22:6 n–3)

HH = ——————————————————— (3)
(C14:0 + C16:0)

Statistical analysis:
All results have been expressed as mean ± standard

deviation of triplicate analyses. A paired student’s t test was
applied to find out whether the changes were significant (p <
0.05) by using the software Graph Pad Prism version 5.01
(Graph Pad Software, Inc.). Multivariate analysis of variance
(MANOVA) was carried out to assess the correlation between
different nutritional importance dependent parameters with
cooking (frying with mustard oil) for fresh and frozen preser-
vation (–20ºC). Then the Tukey’s Honest Significant Differ-
ence (Tukey’s HSD) test was performed to find out which
specific condition’s means were different compared with each
other using IBM SPSS 20.

Results and discussion
Proximate composition:
The proximate compositions of fresh and frozen samples

of three carps, Catla catla, Labeo rohita and Cirrihinus mrigala
before and after frying have been presented in Table 1. The
compositions of fresh samples were similar to findings of
other research studies5,35,36. The proximate composition,
caloric value varied with fish species. But, multivariate tests
revealed that there was no significant difference in param-
eters between the three types of species since all belonged
to carp family. However, there was significant difference in
moisture, carbohydrate, protein, total lipid, caloric value be-
tween the treatments of the fish (Table 1).

Moisture content is an extremely important factor for the
determination of the food value of products in terms of its
shelf-life and sensory attributes37. The moisture content ob-
tained for the fresh samples of three carps decreased non
significantly (p > 0.05) during frozen storage (at –20ºC for 30
days) due to water loss in chiller. During frying there was
also an explicit tendency to enhance moisture loss due to
evaporation in both fresh (p < 0.05) and frozen condition (p >
0.05).

The ash content of all the three carps were similar (p >
0.05) and it did not vary significantly among the studied con-
ditions. This major component mainly attributes to nutrition-
ally important minerals.
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The carbohydrate content was comparatively higher in
C. catla and L. rohita than C. mrigala. However, in frozen
condition the carbohydrate content most considerably in-
creased for C. mrigala (60.7077%) compared to L. rohita
(30.7673%) and C. catla (21.0931%). This might be due to
accumulation of glycogen38,39. However, the carbohydrate
content decreased slightly (p > 0.05) during frying for both
fresh and frozen condition for all the species.

Protein is the most predominant in fish muscles than any
other biochemical components. In the present investigation,
the crude protein content was found almost similar and was
notably high in both C. catla and L. rohita compared to C.
mrigala. Fish protein provides a good amino acid profile, high
degree of digestibility and high biological value to make it a
potent nutrient towards the human health, thus playing a big-
ger role in preventing the protein-calorie malnutrition37. In
the present investigation, the protein content was found to
decrease 76.4390%, 63.2409% and 66.3879% for C. catla,
L. rohita and C. mrigala respectively after 30 days of storage
at –20ºC. While assessing the effect of low temperature stor-
age on biochemical changes in fish muscle, Kolodziejska et
al.40 reported a significant rate of denaturation and autolysis
of fish protein. According to Xiong41, denaturation of protein
occurred due to textural deterioration during oxidizing envi-
ronment, such as amino acid break down, peptide scission
and formation of protein-lipid complexes. Therefore the most
widely used preservation method could not prevent degra-
dation of the essential food quality of cheapest animal pro-
tein source. The application of heat during frying abruptly
decreased the protein content for both fresh and frozen
samples of C. catla, L. rohita and C. mrigala (Table 1) and
hence deteriorated the nutritional importance of food. These
observed results were in high agreement with the literature42.
Deman43 and March44 suggested that solubilization of pro-
tein during the cooking caused its loss from the final product.
Although this result contradict with the findings of Gokoglu
et al.45 and Gall et al.46, who accredited that due to the high
amount of moisture loss at the time of frying inclined the high
protein percentage in fried fish than raw ones. Deman43 sug-
gested that probability of generation of new product similar
to protein while frying which could have influenced the quan-
tification of protein content by Kjeldahl method.

Lipid component varies much more broadly than the other
proximate parameters in case of fish depending on the spe-

cies, size, habitat, seasonal/lifecycle variation, diet and the
time of sampling47. Based on the low lipid percentage (less
than 5%) of C. catla, L. rohita and C. mrigala in fresh condi-
tion, these three major carps are categorized as lean fish5.
The present study confirmed an inverse relationship between
the total lipid and moisture content because of water loss
during cooking that increased the concentration of lipid in
the final product as suggested by Gladyshev et al.19. Ac-
cordingly, as C. catla contained highest lipid and lowest mois-
ture content, it had more white flesh color5. During frying
due to the uptake of culinary oil, fried fish got enriched with
significantly higher lipid content (p < 0.005) than the raw one
in fresh and frozen condition. The interaction between culi-
nary fat and fish fat during frying was reported to be influ-
enced by the content and the composition of lipid of raw fish
along with method, time and temperature of cooking48. Con-
versely, there was a huge decrease in total lipid content such
as 75.3606% for C. catla, 48.1513% for L. rohita, and
60.8613% for C. mrigala during frozen storage. Oxidative
deterioration of lipid, because of losses in triglyceride frac-
tion during the prolonged storage, is considered as the main
cause of degradation of nutritional quality of fish. The most
common commercial preservation technique, freezing is
mainly employed to preserve all the sensory and nutritional
properties but even during this period many enzymatic and
non-enzymatic rancidity occur deteriorating the shelf life of
products caused by hydrolysis of fat, presence of unsatur-
ated lipid and the prooxidant molecules in the muscles. Oxi-
dative breakdown of lipid greatly affect the FA composition
which is again interrelated with serum cholesterol level and
heart diseases7,17.

Fat content contributed most in the caloric value followed
by protein and least by carbohydrate whose amount was
meager in fish. Variation in these biochemical parameters
was the major cause for the higher calorific value of C. catla
in comparison with L. rohita and C. mrigala. After freezing,
loss in both lipid and protein content caused lowering of en-
ergy values for all three carps. During frying, protein content
reduced to lower values but due to absorption of cooking oil
at different rate the lipid content increased rapidly for all the
species. These opposing trends finally improved the energy
values of fried samples over fresh and frozen ones. In the
present study, C. catla showed the moderate calorific value
while L. rohita provided the highest one.
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Lipid classes:
Among the different classes of lipids the proportion of NL

(expressed as % w/w of the total lipids) was predominant
followed by PL and GL for all the three species in both fresh
and frozen conditions (Fig. 1). Therefore NL had a leading
role among all the lipid classes. After frying, due to absorp-
tion of cooking oil, the amount of NL increased further
whereas polar lipid fraction i.e., PL (p < 0.05) and GL content
considerably decreased (p > 0.05) for fresh and frozen stor-
age condition. During the frozen storage the amount of NL
classes increased 9.2082% for L. rohita, 11.8661% for C.
catla and 12.8874% for C. mrigala. According to Undeland49,
during frozen preservation, the enzymatic decomposition of
PL, the major cell membrane component, might occur at faster
rate due to the endogenous lipolytic enzyme. Additionally,
the NL content has been increased associatively due to pro-
duction of free fatty acids from PL during storage50.
Peroxidation detrimentally affects the PL due to attack by
free radicals37. These might have caused further loss in PL
during frying for all the species. The loss in NL, PL and GL
components of all the three carps during freezing together

contributed to the loss of TL leading to adverse effect on
nutritional importance of food.

FA analysis:
The FA composition of TL, NL, PL and GL of all the carp

species in fresh and frozen samples before and after frying
were analyzed by gas chromatography and presented in
Tables 2, 3, 4 and 5 respectively.

It was observed that TL of C. catla contained higher
amount of SFA than both L. rohita and C. mrigala for fresh
condition and the percentage of SFA was in agreement with
freshwater fish samples studied by Jabeen and Chaudhry9.
Not only in TL, SFA concentrations were substantially high in
NL, PL and GL also. In all the lipid classes, SFAs were domi-
nated by palmitic acid (C16:0) and stearic acid (C18:0) in
three carps in all conditions. In NL and PL the presence of
myristic acid (C14:0) was also very prominent. The high per-
centage of SFA in fish acts as energy reservoirs, tempera-
ture regulator of body and it is an essential component of
cell biomembranes. The SFAs of chain length 2-16 have pre-
dominating nature for enhancing cholesterol level51. But the
most predominant SFA, C16:0 abruptly decreased for all the

Fig. 1. Various classes of lipid compositions (% w/w of total lipid) of Catla catla, Labeo rohita and Cirrhinus mrigala in fresh, fried, frozen and
frozen-fried condition.
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three carps during frying with mustard oil where most impor-
tant reduction was found in L. rohita (36.4051% for fresh and
37.4254% for frozen condition). Consequently, the total
amount of SFA decreased during frying for all of the species.
On the contrary, the increase of SFA contents were 11.2856%,
14.8468% and 13.0119% for C. catla, L. rohita and C. mrigala
respectively during freezing, mainly due to increase in C16:0.
This is also in agreement with the findings on Scomberomours
commersoni and Carcharhinus dussumieri20. The contrast-
ing effect of frying and freezing on the SFA content was also
found to be similar in NL, PL and GL. The nutritional conse-
quence of such alteration in SFA amount has been discussed
later.

The MUFA content was highest for L. rohita
(26.01±0.38%) and lowest for C. catla (23.7±0.28%) in fresh
condition in TL. Oleic acid (C18:1c), palmitoleic acid (C16:1)
were the major contributors for all the carps in all condition
for all lipid classes. In TL 74.3944% of the total MUFA con-
tent was oleic acid for L. rohita while it was 67.5527% and
70.2809% for C. catla and C. mrigala respectively and simi-
lar high percentage of oleic acid was also found for NL, PL
and GL in fresh condition. The existence of C18:1c in the

Fig. 2. Fatty acids compositions (% of total fatty acid) of used mustard oil before and after frying.

fish samples was significantly high compared to other prod-
ucts containing similar composition5. Alteration in C18:1c and
C18:1t between fresh and fried samples for both conditions
was greater due to the high absorption of mustard oil during
the frying procedure. This was evident from conversion of
cis C18:1 and C18:2 FAs to trans isomer in the cooking me-
dium during frying (Fig. 2). This pattern of increase in con-
centration of MUFA also suggested by the result of Neff et
al.14. In frozen condition, the amount of MUFA reduced ef-
fectively, probably due to its susceptibility to oxidation37. This
decreasing trend has been very much compatible with the
result of Nazemroaya et al.20. The variation in FAs composi-
tion of TL during frying and freezing has been found to be
similar in NL, PL and GL also.

Overall PUFA content in TL was highest for C. mrigala
compared to L. rohita and C. catla respectively. Among
PUFAs, EPA (C20:5, n-3), DHA (C22:6, n-3), arachidonic acid
(AA) (C20:4, n-6), -linolenic acid (C18:3, n-3) and linoleic
acid (C18:2, n-6) were in high proportion in all three freshwa-
ter carps in both conditions for all lipid classes. In fresh TL,
n-3 content was found to be comparably higher in C. catla
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and C. mrigala than L. rohita, while the n-6 PUFA content
was highest in C. mrigala and lowest in C. catla (Table 6). In
fresh condition the presence of AA, the major n-6 FA, was
maximum for C. mrigala (16.7321% of total PUFA) and low-
est for L. rohita (4.3194% of total PUFA). Though the FA
distribution for these species followed the trend SFA > MUFA
> PUFA, they were notably good source of LC-PUFAs. The
high content of n-3 PUFA in fish lipids help to reduce the
level of cholesterol, triglycerides and amounts of low density
lipoprotein cholesterol in blood serum thereby decrease the
chance of cardiovascular disease, the risk of atherosclero-
sis, and arterial hypertension52. n-3 and n-6 PUFAs have
contrasting physiological functions and their balance is im-
portant for normal growth and development. Fish samples,
fried in mustard oil showed an exceptionally higher amount
of linoleic acid (C18:2c) and linolelaidic acid (C18:2t) which
could be attributed solely to the presence of linoleic acid in
mustard oil (Fig. 2) and suggested a possible migration of
cooking oil FAs to fish fillets. The differences in PUFA con-
centration between fresh and fried ones were quite less con-
sistence across the species in both conditions but n-6 PUFA
content effectively increased during frying due to high accu-
mulation of cis C18:2n-6. The FAs of mustard oil mainly com-
prised of C20:0, C18:1c, C22:1, C18:2c and C18:3n6. After
frying it was drastically modified causing production of un-
healthy trans FAs (Fig. 2). In fried fish AA, DHA and EPA
content markedly reduced by 55.0387%, 23.8372% and
48.5319% for C. catla and 31.0924%, 34.5360% and
37.0325% for L. rohita and 40.9002%, 62.0895% and
68.7134% for C. mrigala, respectively compared to fresh
ones. The PUFA composition of NL, PL and GL during frying
also varied in the similar pattern. Such reduction in the con-
tent of FA with high degree of unsaturation might have oc-
curred due to high susceptibility of oxidation during heat treat-
ment. In frozen storage the amount of PUFA decreased in
contrast to SFA because of development of progressive lipid
hydrolysis20 which induced a considerable loss of nutritive
value24. In TL, the deterioration of PUFA content was high-
est for L. rohita (23.4119%) compared with C. catla
(18.0315%) and C. mrigala (11.7550%). Both n-6 and n-3
content correlatively decreased along with the total PUFA
content. Production of hydroperoxide by the reaction of UFAs
with oxygen might have decreased the amount of PUFA caus-
ing adverse effects on human health37,53,54. The declining

rate in the percentage of AA, DHA and EPA during frozen
preservation was also noteworthy for FA profile of NL, PL
and GL.

NQI:
The three Indian major carps were found to be good

source of LC-PUFAs (AA, EPA, DHA). The potential nutritive
value and dietetic importance of fish depend mainly on the
concentration of these essential FAs, ratio of n-3:n-6 and
PUFA:SFA. Many research studies and health organizations
worldwide recommend that healthy human diet should have
n-3:n-6 ratio  1 but not <0.2; PUFA:SFA ratio > 0.4, and a
daily ingestion of at least 250–450 mg of EPA+DHA14,55. In
general, an average daily intake of 500 mg/day EPA+DHA
for primary prevention of cardiovascular disease14. The NQI
of C. catla, L. rohita and C. mrigala under all experimental
conditions have been illustrated in Table 6. The present study
indicated that these three carps had a high n-3:n-6 ratio
in fresh condition due to presence high amount of n-3. In
frozen condition, the decrease in this ratio was within the
recommended limit attesting the suitability of the method for
preserving these nutritional parameters. Frying of fish en-
hanced the amount of linoleic acid (C18:2c) and linolelaidic
acid (C18:2t) as n-6 PUFA which affected n-3:n-6 ratio
adversely in both fresh and frozen samples. High consump-
tion of n-6 FA help to increase the plasma concentration of
bioactive product like prostaglandins, thromboxanes,
leukotrienes, hydroxyl fatty acid and lipoxins from AA. These
eicosanoid metabolic products increase the thrombi and
atheromas in blood vessels, contribute to the development
of allergic and inflammatory disorders and excessive cell
proliferation10. On the other hand, n-3 FA counteract these
antagonistic effects of n-6 FA by declining the production rate
of thromboxane A2, leukotriene B4 and prostaglandin E2
contrastingly, increasing the concentration of prostaglandin
I3. In addition, n-3 FA suppress interleukin (IL) 1, tumour
necrosis factor  and IL6 for strong anti-inflammatory ef-
fects10. Furthermore, many research studies on animal model
consistently showed the promoting effect of mammary tum-
origenesis by high intake of n-6 against which n-3 FA exert a
protective role56. The n-3 FA are known as “essential” due to
its necessity from conception through pregnancy and infancy
and undoubtedly throughout the lifespan from food7 because
inability of body to synthesize them. Fish and fish oil are
mainly characterized by elevated levels of EPA, DHA and
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trace amount of -linolenic acid as n-3 source. Due to the
presence of high amount of EPA+DHA in all the three fish
species in fresh condition, these can be used as key compo-
nent for the supplement of essential FAs in the human diet.
Bera et al.57 experimentally showed that EPA/DHA enriched
PUFA also played protective role against mercury poising
and were highly preventive against diabetes57. The decline
in the amount of EPA+DHA was more after frying than frozen
storage for C. catla (39.3282% vs 18.7432%), L. rohita
(36.2366% vs 31.4708%) and C. mrigala (66.5358% vs
11.5799%). This might cause adverse effect of frying on the
nutritive value of fish. Though frying with mustard oil showed
a deleterious effect on n-3:n-6 ratio but due to uptake of
PUFAs enriched culinary fat and synergistic reduction in SFA,
PUFA:SFA ratio of final product became greater than the raw
ones in both fresh and frozen condition. However, during the
frozen storage due to high susceptibility to lipid peroxidation,
decrease of PUFA in contrast with SFA lead to an overall

decrease in this ratio. In the present study, the result also
implicated that the adverse consequences of frying and fro-
zen storage (–20ºC for 30 days) on the food value due to
increase of trans FA and proportionately decrease the cis:
trans ratio. Trans FA has the proficiency to increase the con-
centration of low density lipoprotein (LDL) in plasma and pro-
portionately decrease the concentration of high density lipo-
protein (HDL) in contrasting approach. The deleterious ef-
fect of trans FA is nearly two-fold compared to saturated fat
and that directly lead to the risk of coronary artery disease58.
The changes in EPA+DHA, n-3, n-6, n-446 3:n-6,
PUFA:SFA, cis:trans for different experimental conditions with
respect to fresh fish samples of different carps have been
presented in Fig. 3. There were small changes in n-3:n-6
ratio and PUFA:SFA ratio with all species while other factors
showed greater differences among treatments. The changes
were strongly positive for n-6 after frying and very much
negative for EPA+DHA and n-3 after frying and freezing.

Fig. 3. Percent change in nutritional quality indices (NQI) of Catla catla, Labeo rohita and Cirrhinus mrigala for EPA+DHA, n-3, n-6, n-3:n-
6, PUFA:SFA and cis:trans for fried, frozen and frozen-fried condition with respect to fresh one.
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The difference in cis:trans ratio of fried, frozen and frozen-
fried fish samples with untreated ones generally depressed
for all species except C. mrigala in frozen condition.

EPA+DHA/C16:0 ratio has been recommended as an
good index to evaluate lipid oxidation20. The ratio has been
depleted for both fried and frozen storage condition for C.
catla and C. mrigala. The negative correlation between this
ratio and frying and frozen condition concluded that oxida-
tion mechanisms were active for both cases. In comparison
with C. catla, C. mrigala contributed more to the accelerated
oxidative degradation of lipid during frying with mustard oil
for both fresh and frozen conditions. IA has been used as
one the best and novel biomarkers for cardiovascular dis-
ease (CVD) and obesity59. IA and IT are considered as rep-
resentative of dietic quality of lipids and lower values for both
the indices are favourable to represent better nutritional qual-
ity and correspondingly decrease the cardiovascular risk34.
The positive association between IA with CVD and obesity

here revealed that the adverse effect of frozen storage was
more detrimental than the frying with mustard oil. The in-
creased value of IT during frozen storage also might esca-
late the tendency for formation of clot in blood vessel. HH
correlates the specific effect of FA on cholesterol metabo-
lism. Nutritionally higher HH values are recommended as
more beneficial due to lowering of adverse effect of SFA on
human health34. HH values increased considerably during
frying whereas the result showed an inverse relation in fro-
zen condition. That result also suggested that not the total
amount of lipid but FA composition of food was more influen-
tial for the quantification of some relatable health issues. With
respect to fresh carp samples the changes in EPA+DHA/
C16:0, IA, IT and HH for fried, frozen and frozen-fried condi-
tion has been depicted in Fig. 4. The trend of change in IA,
IT and HH after frying completely contradicted with the fro-
zen state except for IT of C. catla in frozen-fried condition.
The negative change in IA, IT and positive change in HH

Fig. 4. Percent change in nutritional quality indices (NQI) of Catla catla, Labeo rohita and Cirrhinus mrigala for EPA+DHA/C16:0, IA, IT and HH
for fried, frozen and frozen-fried condition with respect to fresh one.
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implied improvement of nutritional quality which was achieved
after frying. MANOVA of NQI showed that there was signifi-
cant difference among the fish species as well as among the
experimental conditions (fresh, fried, frozen and frozen-fried).
Also there was a strong interaction between the fish and
conditions.

The finding of this study would probably also help to de-
velop a new area of research as the knowledge of dietary
composition of fish species is of fundamental interest in the
application of different technological processes in fish pro-
cessing, preservation and product development maintaining
nutritional quality.

Conclusions
In light of IA, CVD, IT and HH, this study confirmed that

Catla catla, Labeo rohita and Cirrhinus mrigala were good
source of nutrients. Though the biomedical components of
all the carps were similar, their nutritional quality varied sig-
nificantly across the species. Frozen storage has been most
commonly and commercially employed to retain the nutri-
tional quality of fish for long time. This study exhibited the
deleterious effect of frozen carps towards human health. The
results were attributed to the depletion in protein and lipid
content, detrimental changes as well as hydrolysis of UFAs,
and inclusion of trans FAs from braising medium which ad-
versely affected the IA, IT, HH ratio. Whether fresh or frozen,
fish is not generally consumed in raw condition. Frying is the
most common first step, even often the only step for cooking
fish. Different parameters like n-3, EPA+DHA, n-3:n-6,
cis:trans ratio, considered as beneficial for human health,
decreased on frying while the disadvantageous ones like n-
6 increased. The extent of these individual changes appar-
ently designated frying as an unsuitable process. But insig-
nificant changes in EPA+DHA/C16:0 ratio indicated minimal
oxidative damage during frying contradicting previous infer-
ences. Further, decrease in IA, IT values along with rise in
HH advocated for improved beneficial effect of fried fish on
health than raw one. Frying was found to be more advanta-
geous from various nutritional quality indices view point than
the freezing. Nutritional changes after such thermal alter-
ation reported here may pave way to study of similar alter-
ation for different edibles.
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