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ABSTRACT

In present study, the economically most important fish species, namely Mahseer (Tor putitora), Silver carp
(Hypophthalmichthys molitrix), Common carp (Cyprinus carpio), Thela fish (Catla catla) and Rainbow trout
(Oncorhynchus mykiss) from Pakistan, were evaluated for their proximate compositions and fatty acid profiles. All of the
analyzed fish were collected from the Northwestern regions (Khyber-Pakhtunkhwa) of Pakistan. Proximate analysis was
done by using standard AOAC methods, whereas the detailed fatty acid composition was evaluated by using gas liquid
chromatography. A significant difference (p< 0.05) was noticed for various proximate parameters and fatty acids profiles
among fish species. Palmatic acid (C16:0) was the copious fatty acid of each fish species, with a range from 16.7% to
24.6%. Furthermore, all fish species were found as good sources of polyunsaturated fatty acids (PUFAs) including alpha
linolenic acids (ALA C18:3), arachidonic acids (AA C20:4), eicosapentaenoic (EPA C20:5) and docosahexaenoic acids
(DHA C22:6) and protein. Whereas, Rainbow trout ranked highest in PUFAs while Mahseer proved to have highest
protein contents.
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INTRODUCTION benefits for human metabolic and biological functions

(Kocatepe and Turan, 2012), which have been linked

Although Pakistan has a low per capita (i.e. 2 through the eicosanqids synthesis process, .such as

kg) fish consumption, still during 2016-17 the fish thromboxanes, leukotrienes and prostaglandins into anti-
production was estimated as 520,000 million tons, where thrombotic prostaglandins (Inhamuns and Franco, 2008;
103,277 million tons has been exported (GoP, 2017). Calder, 2013). Furthermore, the benefits of PUFAs
Furthermore, there is a promising value (i.e. § 266 includes coronary artery disea§e avoidance  (by
millions) of export from fish and fishery products that is enhancement in endothelial functions), lessen breast
estimated to be 1.2 % of total merchandise trade of cancer & prostate cancer risks and reduce depressive

Pakistan, as reported previously (FAO, 2009). Among symptoms in parkinsonian patients (Park et al., 2009;
others, the Mahseer, Silver carp, Common carp, Thela Emsley et al., 2008; Kaur et al., 2009; Shannon et al.,

and Rainbow trout are commonly grown, having good 2010).

economic value and well reputed among consumers and Although  there is variability in the

producers, in Pakistan (FAO, 2005). recommendations of WHO and FAO for the intake of n-
Fish is a main source of protein, vitamins, 6/n-3, with a ratio of 20:1 to 30:1 for various

minerals, and polyunsaturated fatty acids (PUFAs) comrpunities arouqd the Worlq, but it is recommended as

including omega-3 fatty acids. Among other constituents, 5:1 in western diets, so this value can be taken as

especially the fish lipids are considered as healthy diet for standa.rd (Lunn and Theobald, 2006). General suggestion
human consumption all over the world (Erkan and for daily intake of DHA (n-3 C22:6) to EPA (n-3 C20:5)
Ozkan, 2007; Hossain, 2011). The lipid fraction of fish is 0.5g for toddlers and 1g for the patients of heart disease
mainly consists of PUFAs, including eicosapentaenoic and adults ('H(.)ss'ain, 2011). A. diet is considered as
acid (n-3 C20:5EPA), docosapentacnoic acid (n-3 unbalanced, if it includes excessive amount of omega-6
C22:5DPA) and docosahexaenoic acid (n-3 C22:6 DHA) PUFASa along with small amount of omega-3 PUFAs
(Strobel et al., 2012). The health promoting effects of (Kris-Etherton et al., 2002). The large amount of n-3 long

PUFAs (especially omega-3 fatty acids) have reported chain (LC) PUFAs of aquatic fish oils depend on fatty
acid composition of their normal diet. The fatty acid
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contents of fish lipids depend on several factors,
including the variation due to fish species, nutrition of
fish, environmental condition, temperature and
geographical location (Kocatepe and Turan, 2012;
O"zogul and O"zogul, 2007). Similarly, the PUFA's
compositions of various fish oils might also differ but
little interest has been paid to this specific subject, when
selecting fish species for human diet or processing for
product development (Osman et al., 2001).

Although, there are several research studies
available on fatty acid profiles of a range of fish types
from several geographical areas but here is the first
published report for the proximate analysis and fatty acid
profiles of Mahseer (Tor putitora), Silver carp (H.
molitrix), Common carp (C. carpio), Thela fish (C. catla)
and Rainbow trout (O. mykiss) from the northwestern
region (Khyber-Pakhtunkhwa) of Pakistan.

MATERIALS AND METHODS

Collections of fish samples: Fresh fish samples were
purchased from the fishermen at the site of harvesting.
The Mahseer, Silver carp, Common carp, and Thela fish
were collected from Tarbeela lake (Khalabat Township,
District Haripur, Khyber-Pakhtunkhwa, Pakistan),
whereas Rainbow trout (900 g + 100 g) were purchased
from the collection point of river Swat, District Swat,
Khyber-Pakhtunkhwa, Pakistan). The fish samples
having similar weight (2 kg + 100 g) were selected and
instantaneously stocked up in a cooler filled with dry ice
in order to limit the biological processes, and transported
to the Foodomics laboratory, Department of Food
Science & Technology, The University of Haripur. Fish
were de-scaled, washed and dissected to get various
organs (head, tale, viscera) separated before further
proximate analysis and fatty acid profile of fleshy tissue.

Fish proximate composition analysis: The proximate
analyses were done according to the standard procedures
as reported previously (AOAC, 1990). Percent moisture
content was determined by drying the fish samples (100 g
/ sample) in an oven at 105 ‘C, until a stable weight. The
ash content was determined by incineration of samples in
a muffle furnace at 550 °C for 10 hours. Crude lipids (F)
content were determined by Soxhlet extraction and crude
proteins (CP) content was determined by the Kjeldahl
method (N% x 6.25). The carbohydrate (C) value of fish
was calculated by the formula [%Carbohydrate value =
100 - (% Moisture + % Ash + % Crude protein + %
Crude lipid)] (Jabeen and Chaudhry, 2011). The energy
value of each ingredient in fish sample was determined
by multiplications of the percentages (%) of crude fat (F),
total carbohydrate (C) and crude protein (CP) contents
with their respective energy values of 9, 4 and
4kcal/100g, as per bellow mentioned formula (Jabeen and
Chaudhry, 2011):
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Caloric value (CV) = (9F +4C+ 4CP) kcal / 100g weight

Fatty acid analysis: Fatty acids composition was
analyzed by gas liquid chromatography (Gas-LC) of fatty
acid methyl esters, as previously reported (Pickova et al.,
1997).

Statistical analysis: Principal component analysis (PCA)
was performed (for fatty acid profile of fish) with
SIMCA-P* software (v. 12.0.1, Umetrics, Umes3,
Sweden) by using unit variance (UV) scaling method, as
previously reported by Jahangir et al., 2014. Further,
statistical ~analysis was performed for proximate
parameters and fatty acid profile, by using the Statistica 8
(version 8.1) software, where completely randomize
design (CRD) was used to analyze the significance for
differences between mean compositions in the different
fish types and means were separated out by LSD. A
significance level of 0.05 was applied for this analysis.

RESULTS AND DISCUSSION

Proximate composition of five fish species under
this research (Table 1), proved to have significant
difference in moisture (70.22— 77.69 %) with lowest in
Mahseer and highest in Thela fish, ash on wet weight
bases (0.95 % — 1.42 %) with lowest for Common carp
and highest for Rainbow trout, carbohydrate (0.94 —
5.88%) with lowest for Thela and highest for Common
carp, crude protein (18.5 — 22.2%) with lowest for Silver
carp and highest for Mahseer and crude fat 1.20-3.26 %
with lowest in Thela fish and highest in Common carp.
As fish species are classified on the bases of their body
fat, where the lean fish species contain fat lesser than 5%
(Jabeen and Chaudhry, 2011), so we can categorize these
fish as lean fish species (Bennion and Scheule, 2003).

Fish species with less fat content always contain
high water content and their fleshy tissue is white in color
because it stores 50 to 80 % of its fat in the liver as
compared to muscles (Osman et al., 2001). On the basis
of above proximate analysis of crude fat, carbohydrate
and protein, the caloric value of the fish samples was
calculated, that proves highly significant different
(p<0.01), with a range from 90.9 - 130.1 kcal/100g for
different species (Table 1).

Fatty acids; such as myristic acid C14:0, palmatic
acid C16:0, palmitoleic acid C16:1 n-7, stearic acid C18:0,
oleic acid C18:1n-9, linoleic acid C18:2 n-6, alpha-linolenic
acid ALA C18:3 n-3, eicosapentaenoic acid EPA C20:5n-3
and docosahexaenoic acid DHA C22:6 n-3 were reported in
various proportions among different fish species (Bayir et
al.,2006; O"zogul et al., 2007; 2009; Memon et al., 2011;
Usydus et al., 2011). Similarly, in our findings, the SFAs
were found variant in all fish samples. Myristic acid was
1.89% as least in Common carp and 4.80% as highest in
Mabhseer, whereas stearic acid was observed 0.08% as least
in Mahseer and 4.77% as highest Thela fish, among all
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analyzed fish types. The highest palmitic acid content
(24.6%) was noted in the Mahseer, while the lowest value
(16.7%) was observed in Common carp.

The saturated fatty acids (SFAs) contents ranged
from 23.6 — 33.3% with lowest for Common carp and
highest for Mahseer, monounsaturated fatty acids
(MUFAs) 18.8 — 39.1% with lowest for Silver carp and
highest for Common carp and poly unsaturated fatty acids
(PUFAs) ranged 15.2-24.6% with lowest for Silver carp
and highest for Rainbow trout (Table 2; Figure 2). Inter-
comparison of fatty acids profile among fish species, by
using principal component analysis (PCA), proves a
similarity of fatty acids in Rainbow trout, Common carp
and Thela fish as in one group, while Mahseer and Silver
carp are discriminated from all other species (Figure 3) in
principal component (PC 1), whereas these two are
different from each other in PC 2. The discrimination of
Silver carp and Mahseer from other fish species (namely
Common carp, Rainbow trout and Thela) is generally due
to the high percentage of C14:0 Myristic, Y n-3, n-3/n-6,
docosanoic acid (C22:0), lignoceric acid (C24:0),
eicosenoic acid (C20:1(n-9)), nervonic acid (C24:1), vy-
linolenic acid (C18:3(n-6)), a-linolenic acid (C18:3(n-3)),
arachidonic acid (C20:4(n-6)), eicosapentaenoic acid
(C20:5(n-3)) and docosapentanoic acid (C22:5(n-3)),
whereas in specific for Silver carp higher contents of
SFAs, heptadecanoic acid (C17:0), erucic acid (C22:1(n-
9)), eicosadienoic acid (C20:2(n-6)), palmitic acid
(C16:0), arachidic acid (C20:0) was higher, while on the
other hand the docosahexaenoic acid (C22:6 (n-3)) was
higher for Masheer (Figure 2).

On the other hand the principal component
containing the Common carp, Rainbow trout and Thela
species has proven the discrimination of these species
from Silver carp and Mahseer due to higher contents of
the overall Y MUFAs, >PUFAs in general, whereas in
specific higher amount of DHA/EPA, lauric acid (C12:0),
pentadecanoic acid (C15:0), stearic acid (C18:0),
myristoleic acid (C14:1), palmitoleic acid (C16:1 (n-9)),
heptadecanoic acid (C17:1 cis-10), elaidic acid (C18:1(n-
7)), oleic acid (C18:1(n-9)), linoleic acid (C18:2(n-6)),
eicosatrienoic acid (C20:3 (n-6)) and eicosatrienoic acid
(C20:3(n-3)) (Figure 2).

All though there were similarities as observed
grouping in principal component analysis, the MUFAs
values were still found different in all five analyzed fish
samples. The maximum MUFAs were present in
Common carp (39.1%), whereas the lowest quantity was
found in the Silver carp (18.8%) among all samples. The
oleic acid was most prominent fatty acid ranged from
0.35 — 35.05% of the entire MUFAs. The highest oleic
acid content was observed in Common carp (35.05%),
whereas the lowest value was found in the Thela fish
(0.35%). The highest palmitoleic acid (C16:1 n-9) value
was obtained in Thela fish (5.97%), while the lowest
value was found in the rainbow trout (0.07%).
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Palmitoleic acid (C16:1, n-9) and oleic acid (C18:1, n-9)
have been reported as the major MUFASs in our findings,
which is in line with the muscles tissues from the
Mazurian great lakes (Luczynska et al., 2008), marine
fish species from Turkish waters (Bayir et al., 2006) and
anchovy (Kaya and Turan, 2008).

The PUFAs values were also different among all
five analyzed fish. The highest PUFAs content were
found in Rainbow trout (24.6%), whereas the lowest
value was noticed in the Silver carp (15.2%). The
foremost fatty acids distinguished as PUFAs were alpha-
linolenic acid, eicosapentanoic acid and docosahexaneoic
acid respectively. The highest proportion of DHA in total
PUFAs was recorded from the Mahseer (5.25%),
whereas, the Common carp contained lower DHA
contents (0.49%). This study proves that the selected five
fish species generally contains considerable amount of n-
3 PUFAs contents, with high level of linoleic acid in
Rainbow trout, Thela fish and Common carp (Table 2).
The superior content of linoleic acid within the fish based
upon the diet and the capacities of desaturation and
elongation of carbon chain (Alasalvar et al., 2002).

All these five fish species contained lower level of
arachidonic acid (AA, C20:4 n-6), that is a precursor
intended for biosynthesis of series-2 eicosanoids such as
thromboxane and prostaglandin (Pompeia et al., 2002). The
arachidonic acid is important for the clotting process of
blood, attached to endothelial cells through wound curing
and takes part a vital role in the retina, brain and growth of
infants (Shen et al., 2007). Maximum amount of the
arachidonic acid among five fish species was found in
Rainbow trout 1.1%, followed by Silver carp 0.7% and the
least amount of this important constituent was observed in
Common carp 0.1% (Table 2). In this study % DHA is
higher than % EPA (Table 2; Figure 2). The proportional
ratio between omega-3 PUFAs and omega-6 PUFAs is a
valuable gauge for determining the dietetic value of fish
oil and generally consumption of 0.4g per day of n-3
PUFAs decreases the number of deaths in the patients
suffering from coronary heart disease (Ozyurt and Polat,
20006). It was suggested by Zuraini ef al., (2006) that the
proportional ratio of 1:1 to 1:5 is suitable in vigorous diet
for human. The proportional ratio of n-3: n-6 PUFAs was
found higher in Mahseer followed by Silver carp while
the ratio for the Common carp found lowest among all
fish species. The total percentage n-3 PUFAs is less than
that of n-6 PUFAs, which is similar to previous findings
for other fish species (Jabeen and Chaudhry, 2011;
Ugoala et al., 2009). Fresh water fish species have been
mostly characterized by the prominent levels of omega-6
PUFAs, specifically linoleic acid and arachidonic acids
(Aras et al., 2003). All selected fish species were found
rich in linoleic acid (LA, n-6 C18:2) content except Silver
carp, which is essential fatty acid that cannot be
synthesized in the human body and must be taken in diet
and is required for the development of tissues. The
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analyzed fish species are found to be healthy diet for acid profile with Common carp and Thela fish, which are
human consumption, where it is very interesting that comparatively available in lower cost.
Rainbow trout which is very expensive has similar fatty

Table 1. Chemical composition (on wet bases) of muscles of selected fish species from Tarbela lake and river Swat
(Mean value + SD).

Variables Mahseer Rainbow Trout Silver Carp Thela Fish Common Carp
Moisture (%) 70.2°+0.59 72.6°+0.38 77.1+£0.53 777 +£0.21 70.6°+0.36
Ash (%) 1.2%¢ +0.17 1.4*+0.24 1.3 +0.17 1.1%+0.09 1.0°+0.03
Crude protein (%) 22.22+0.10 21.82+0.45 18.5¢+0.16 19.1°+£0.13 19.3°+£0.36
Crude fat (%) 1.4°£0.01 2.6°+0.05 1.4+ 0.09 1.29£0.00 3.3*+0.08
Total carbohydrates (%) 5.0°+0.74 1.6+ 0.89 1.7°+£0.57 0.9+ 0.32 5.9+ 0.05
Caloric value (kcal/100g) 119.7°+ 5.14 116.8°+2.71 93.7°+2.99 90.9°+ 0.88 130.1* + 1.85

Levels of significance = 0.05; SD = Standard Deviation
Similar alphabets represent non-significant differences

Table 2. Fatty acid composition (%) of selected fish species from Tarbela lake and river Swat.

Name of sample Mahseer Rainbow Trout  Silver Carp  Thela Fish Common Carp
C12:0, Lauric 0.1*+0.01 0.17+0.01 0.2¥+0.01 0.1+ 0.01 0.8°+0.01
C14:0, Myristic 4.8 +0.01 3.1'+£0.01 4.00+£0.01 31+ 0.01 1.9' £0.01
C15:0, Pentadecanoic 0.5'+0.01 0.3"*+£0.01 0.1°+0.01 0.4" £0.01 0.59 £0.01
C16:0, Palmitic 24.6°+0.01 17.70+£0.01 18¢+0.01 18.2¢ +0.01 16.7¢ £ 0.01
C17:0, Heptadecanoic 0.8°+0.01 0.1*+0.01 0.4"+£0.01 0.79+0.01 0.1¥£0.01
C18:0, Stearic 0.1*+£0.01 4.5 +£0.01 0.8"+0.01 4.8+ 0.01 3.51+£0.01
C20:0, Arachidic 1.3+ 0.01 0.5°+0.01 0.03°+£0.01  0.01°+0.01 0.037+0.01
C22:0, Docosanoic 0.12+ 0.01 0.3V+0.01 1.8"+0.01 0.3"+0.01 0.1"+£0.01
C24:0, Lignoceric 1.19£0.01 0.2+ 0.01 1.2°+0.01 0.4°+£0.01 0.1+ 0.01
Y'SFAs 33.3°+0.01 26.94+0.01 26.5°+0.01 27.94+0.01 23.64+0.01
C14:1, Myristoleic 0.1"+0.01 0.1*+0.01 0.2¥+0.01 0.1+ 0.01 0.57+0.01
C16:1(n-9), Palmitoleic 0.3*+£0.01 0.1®+0.01 0.3¥+0.01 6'+0.01 0.2'+£0.01
C17:1, cis-10 Heptadecanoic 0.1°+0.01 0.2+ 0.01 0.03°+£0.01  0.01°+0.01 0.1*£0.01
C18:1(n-7), Elaidic 2.6m+0.01 2.6"+0.01 3.4+ 0.01 28.4°+0.01 2.6+ 0.01
C18:1(n-9), Oleic 18°+0.01 29.8°+0.01 13.57£0.01 0.4'+£0.01 35+ 0.01
C20:1(n-9), Eicosenoic 0.1°£0.01 0.2¥+0.01 0.27£0.01 0.17+£0.01 0.04”+0.01
C22:1(n-9), Erucic 1.6°+0.01 0.99+0.01 0.1°+0.01 0.1*£0.01 0.4*+0.01
C24:1, Nervonic 0.2%+0.01 0.4'+£0.01 1.1+ 0.01 0.02°+0.01 0.3'+£0.01
>MUFASs 239+ 0.01 34.3*+0.01 18.8°+0.01 35°+0.01 39.1°+0.01
C18:2(n-6), Linoleic 4.8+£0.01 18.3+£0.01 0.02°+£0.01  17.1"+£0.01 15.3"+0.01
C18:3(n-6), y-linolenic 2.9+ 0.01 0.8"+0.01 7.9"+0.01 1.17+£0.01 1.6™+0.01
C18:3(n-3), a-linolenic (ALA) 0.1*+0.01 0.3¥+0.01 0.3*£0.01 0.01°+0.01 0.1*+0.01
C20:2(n-6), Eicosadienoic 0.2%£0.01 0.1*+0.01 0.1*+0.01 0.1*£0.01 0.1Y+0.01
C20:3(n-6), Eicosatrienoic (hGL) 0.2%+0.01 1P +0.01 0.02°+£0.01  0.01°+0.01 0.5"+0.01
C20:3(n-3), Eicosatrienoic 0.1°+0.01 0.12+£0.01 0.1*£0.01 0.1*+0.01 0.1%£0.01
C20:4(n-6), Arachidonic 0.3V£0.01 1.1°+0.01 0.7'+£0.01 0.17£0.01 0.1*+0.01
C20:5(n-3), Eicosapentaenoic (EPA) 1.9"+0.01 0.1+ 0.01 31+ 0.01 1.2°+£0.01 1.1"+£0.01
C22:5(n-3), Docosapentanoic (DPA) 0.4"+0.01 0.2+ 0.01 0.4"+0.01 0.2%£0.01 0.2"+0.01
C22:6(n-3), Docosahexaenoic (DHA) 5.31+£0.01 2.8m+0.01 2.7+ 0.01 2.6m+0.01 0.59+£0.01
Y PUFAs 16.27+0.01 24.6'+0.01 15.2°+0.01  22.5°+0.01 19.5¢+0.01
>n-3 7.7"+£0.01 3.5+ 0.01 6.51+£0.01 4.1+ 0.01 2k+0.01
>'n-6 8.58+0.01 21.28+0.01 8.7¢+0.01 18.47+£0.01 17.6"+£0.01
n-3/n-6 0.9+ 0.01 0.2¥£0.01 0.7+ 0.01 0.2Y+0.01 0.1 £0.01
DHA/EPA 2.8'£0.01 26.7°+0.01 0.919+0.01 2.3"+0.01 0.4°+£0.01
Total 72.5°+0.01 85.8+0.01 60.5°+0.01 85.4°+0.01 82.32+0.01

Levels of significance = 0.05; SD = Standard Deviation
Similar alphabets represent non-significant differences
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Figure 1. Proximate composition of selected fish species (. Mabhseer, M Rainbow Trout, " Silver carp, | Thela,
Common carp).
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Figure 2. Principal component analysis loading bi plot of fatty acid profile of selected fish species. M = Mahseer,
R = Rainbow trout, S = Silver carp, T = Thela Fish, C = Common carp, 1 =C12:0 Lauric,2 = C14:0
Myristic, 3 = C15:0 Pentadecanoic, 4 = C16:0 Palmitic, S = C17:0 Heptadecanoic, 6 =C18:0 Stearic, 7 =
C20:0 Arachidic, 8 = C22:0 Docosanoic, 9 =C24:0 Lignoceric, 10 = > SFAs, 11 = C14:1 Myristoleic, 12=
C16:1 (n-9) Palmitoleic, 13 = C17:1 cis-10 Heptadecanoic, 14 = C18:1(n-7) Elaidic, 15 = C18:1(n-9) Oleic,
16 = C20:1(n-9) Eicosenoic, 17 = C22:1(n-9) Erucic, 18 = C24:1 Nervonic, 19 = Y MUFAs, 20 = C18:2(n-6)
Linoleic, 21 = C18:3(n-6) y-linolenic, 22 =C18:3(n-3) a-linolenic (ALA), 23 = C20:2(n-6) Eicosadienoic, 24
= C20:3(n-6) Eicosatrienoic (hGL), 25 = C20:3(n-3) Eicosatrienoic, 26 = C20:4(n-6) Arachidonic, 27 =
C20:5(n-3) Eicosapentaenoic (EPA), 28 = C22:5(n-3) Docosapentanoic (DPA), 29 = C22:6(n-3)
Docosahexaenoic (DHA), 30 = > PUFAs, 31 = ) n-3, 32 = }'n-6, 33 = n-3/n-6, 34 = DHA/EPA, 35 = Total.
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Conclusion: To date no authentic report on the chemical
compositions and fatty acids profiles of local Pakistani
selected fish species exists. This research reports the
proximate composition and fatty acid profiles of five
most commonly used local fish species that serves as a
data base for aquaculture reports and will be authentic
source of information for human diet leading to health
benefit. All fish species, in our finding, contain important
fatty acids, specifically ALA, EPA and DHA which are
valuable for good human health and fitness. The fish
species contained substantial amount of omega-3 PUFAs
that suggests fish species, especially Rainbow Trout, as a
good resource of vigorous diet for human beings.
Findings of current research shows that Rainbow trout
and Thela fish are an excellent source of PUFAs and total
fatty acids, whereas Mahseer and Rainbow Trout were
found to be an excellent source of protein, with a low
level of fat. Interesting similar profiles of other fish
species with that of Rainbow trout makes valuable
information to consumers, as with lower cost similar
level of diet can be opted.
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