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Abstract: The total fat and fatty acid composition of three commonly consumed
small indigenous fish species of Bangladesh, Mola, Amblypharyngodon mola, Jat
puti, Puntius sophore and Shar puti, Systomus sarana. Twenty-one types of fatty
acids were identified from the extracted oil of these fishes. C16:0 and C18:0 were
the predominant saturated fatty acids (SFA), C16:1 &7 and C18:1 wo the main
monounsaturated fatty acids (MUFA), while C22:6:4 w3 (DHA), C20:5 w3 (EPA) were
the main PUFAs. The total ws; was between 4.28% t017.86% and the total we was
between 4.08% to 23.12%. The w3/ we ratio was between to 0.35% to 1.50%. It is
evident from this study that A. mola, P. sophore and S. Sarana are good source
of @z and we PUFA and their regular consumption will contribute to better health.
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INTRODUCTION

Polyunsaturated fatty acids (PUFAs), especially @3 and we fatty acids have a
major role in health and disease. In the past two decades, perhaps the single
most important dietary recommendation to improve human health and prevent
chronic disease is to increase our dietary intake of ws fatty acids which are
found primarily in fish. Researchers have shown that w3 fatty acids reduce the
risk of heart disease. In addition to reducing the risk for heart disease, regular
consumption of fish or supplemental w3z fatty acids may be helpful in preventing,
treating, or improving a wide variety of diseases and disorders, including
inflammatory diseases, rheumatoid arthritis, inflammatory bowel disorders
(Crohn’s disease, ulcerative colitis), periodontal disease (gingivitis), mental
disorders (autism, depression, bi-polar disorder, borderline personality disorder,
impaired cognitive development in infants and children), acne, asthma, exercise
induced asthma, many types of cancers, macular degeneration, pre-term birth,
psoriasis, insulin resistance, type 2 diabetes, cancer cachexia, intermittent
claudication, skin damage from sunlight, IgA nephropathy, lupus
erythematosus, type 1 diabetes, multiple sclerosis, and migraine headaches.
(Shahar et al. 1994, Von Schacky et al. 1999 and Connor 2013).
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In Bangladesh the fish ranks third after rice and vegetables in terms of
weight of food consumed and the major dietary source is carbohydrate which
intake daily per capita 384.00 gm while the content of fat intake is 15.96 gm
daily per capita (Ahmad and Hasan 1983). Fishes are considered as an
important source of fat with a balanced ws polyunsaturated composition which
has beneficial effect on human health due to its most unique properties is not
shared by any other foods (Evans et al. 1986 and Kinsella et al. 1987). The fish
population declined in the last few decades, due to the urbanization, siltation of
rivers and overexploitation to support the growing population. Therefore the
PUFA intake was also declining. Recently, considering the nutritional value of
fish and its important role in the social and economic life of the country,
attention has been given in propagation and sustainability of fish. Among the
fish populations the small indigenous fish species (SIS) are now attracting
attention, due to their wide range of distribution, easy access to rural people
and higher content of vitamin A, calcium and iron (Roos et. al. 2002). Moreover
SIS is now cultured with large fishes which yield the higher production and also
cost effective (Roos et al. 1999 and Kahinoor et al. 1994). The biological study
and culture techniques have been done but detail study on their lipid
compositions and its biological effects are relatively unknown from Bangladesh
and elsewhere. The present attempt was made to assess the fatty acid
compositions of three commonly available SIS viz. Mola (Amblypharyngodon
mola), Jat Punti (Puntius sophore), and Shar Punti (Systomus sarana) of
Bangladesh.

METERIAL AND METHODS

Sample collection and preparation: Fresh samples of three fish species were
collected from the local fish market in early morning with proper icing and
packaging in insulated containers and brought to the Advanced Fisheries
Research Laboratory (AFRL), Department of Zoology, University of Dhaka for
identification. After identification fishes were brought to biomedical research
centre of BIRDEM for further analysis. The samples were washed in fresh water.
The scales, fins, bones, viscera, gills were removed. Head was separated from
body. The head and body were washed again with water separately and weighed.
The head and edible body portion of each fish were grind to paste with the help
of a blender.

Lipid extraction and methylation: Exactly 10g of blended sample was taken
from each fish sample for oil extraction. The extraction method was modified
from Slover et al. (1987). For the preparation of methyl esters, the samples were
saponified, the saponifiable matter was removed and the fatty acids were
collected. The free acids were esterified with methanolic BF3. The extraction
activities were carried out with atmospheric nitrogen flow.
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Gas chromatography (GC): The composition of fatty acids of their methyle
esters were analyzed by a gas chromatography (GC). The GC (14 A Shimadzu Co,
Tokyo, Japan) was fitted with a flame ionization detector and an automated
electronic recorder (CR-5A chromatopack, Shimadzu Co., Tokyo, Japan). For
fatty acid analysis a capillary glass column (50m X 0.25 mm ID) wall coated with
100% Cyanopropyle PolySiloxane open tubular (WCTO) fused silica (SP2340,
Supelco, Bellefonte, Pennsylvania, USA) was used, initial temperature of the
column was 130 °C with 4 minutes initial holding time, programmed to increase
3 °C per min to the 180 °C in 5 min holding time. Finally, with the increase of 6
°C min! to the final temperature of 200°C for 10 minutes holding time. The flow
rate of Helium gas was 3.5 ml per minute with a split ration 1:60. Temperature
of the injection port was 235°C and of the detector 240°C. Fatty acid methyl
esters of the three SIS were identified by comparison with the retention time of
standard methyle esters and the amount were quantified from the integrated
peak area as the percentage of the total area of all the peak. Each FAME in
external will be identified by comparing retention times with those of known
standard FAME (Cat. No. Lipid standard, Sigma Chemical Co, St Louis, Mo,
USA)

RESULTS AND DISCUSSION

Total Lipid contents: The lipid contents of head and body part of A. mola, P.
sophore and S. sarana are shown in Table 1. The total lipid contents of the head
of three SIS varied from 9.4 to 13.6 % and of the body from 3.9 to 8.7 %. The
highest content of total lipid of head part was recorded from sharputi (13.6%),
followed by Jat puti (10.2 %) and Mola (9.4%). The highest content of total lipid
from body parts was evident the Jatputi (8.7 %), followed by Sharputi (6.25 %)
and Mola (3.9 %). Considering the three SIS, Mola constitute the lowest level of
total lipids in head and body parts. The total lipid contents of head portion of all
fishes were found to be higher than that of the body portion. Compare to some
other researches on Indian halibut with the lipid level of 0.92% (Viswanathan et.
al. 1978), Tenualosa ilisha with 8.5% (Nuraini et. al. 2008), Sardinella lumuru
head with 5.67% (Khoddami et al. 2009), the value of total lipid in the three
examined fishes showed higher level.

Table 1. Lipid content (Mean * SD ) of Amblypharyngodon mola, Puntius sophore and
Systomus sarana

Name of fishes Lipid content (%)

Head Body
Mola Amblypharyngodon mola 9.4%1.41 3.9+0.14
Puti Puntius sophore 10.2+0.56 8.7+0.42
Shar punti  Systomus sarana 13.6+1.41 6.25+1.06

% means g per 100 g edible portion.
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Diversity of fatty acids: The fatty acids (FA) composition of the lipid extracted
from head and body part of three studied fishes are shown in Table 2. Twenty
one types of fatty acids were identified in body and head lipid of fishes were
C11:0, C12:0, C13:0, C14;0, C15:0, C16:0, C16:1, C17:0, C18:0, C18:1, C18:2(ws),
C18:3(w3), C18:4(we), C20:0, C20:1, C20:2(we), C20:4(ws), C20:5, C22:0, C24:0,
C22:6(w3) and the fatty acids of the lipid were composed of saturated fatty acid,
monounsaturated fatty acid and polyunsaturated fatty acid. The common fatty
acids found in these fishes were palmitic (16:0), stearic (18:0), oleic (18:1),
linoleic (18:2), linolenic (18:3), eicosapentaenoic acid (20:5) and docosahexaenoic
acids (26:0).

Saturated fatty acids (SFAs): The total saturated fatty acids (SFAs),
Monounsaturated fatty acids (MUFAs) and Polyunsaturated fatty acids (PUFAs)
were shown in the Figure-1. The total SFAs content of head and body lipid of
these fishes ranged between 34.8% to 74.01% which was highest in head lipid of
S. sarana and lowest in body lipid of P. sophore. The value of saturated fatty
acids were higher in the head lipid of P. sophore (64.52%) and S. sarana (74.02
%) than their body lipid which were respectively 34.84% and 44.14%. Body
lipid of A. mola contained higher amount of saturated fatty acid (72.80%) than
the head lipid (67.77%). The predominant SFAs in the studied fishes were
palmitic (16:0) , stearic (18:0) and myristic acid (14:0). The highest levels of 16:0
(39.88%),18:0 (15..02%) and 14:0 (11.71%) were determined in body lipid of A.
mola, head lipid of P. sophore and Body of A. mola respectively.

Mono unsaturated fatty acids (MUFAs): The total mono unsaturated fatty
acids (MUFA) of head and body lipid of three examined fishes were determined to
be 11.02% (head lipid of A. mola) to 30.17% (body lipid of S. sarana). The main
MUFAs identified in studied fishes were palmitolic acid (C16:1) and oleic (C18:1).
The highest levels of C16:1 (8.11%) and C18:1(26.23%)were determined in body
lipid of A. mola and body lipid of S. sarana respectively. Considering the
individual fatty acid, C18:1 was found as the second major fatty acid found in
the three studied fish species varying from 6.64% to 26.23%.

Table 2. Percentage of fatty acid composition (Mean + SD ) of lipid of Amblypharyngodon
mola, Puntius sophore, Systomus sarana

Fatty acids A. mola(n-3) P. sophore(n-3) S. sarana(n-3)
Head Body Head Body Head Body

Saturated

C11:0 0.25+0.19 0.0510.02

C12:0 0.4440.21 0.8440.20 0.4240.12 0.31+0.01 0.48+0.02

C13:0 2.540.71 1.75+0.26 0.13+0.01 2.19+0.26
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C14:0 6.22+0.70 11.71£0.47 2.9810.63 1.58+0.26 6.63+1.62 2.3710.08
C15:0 7.95£1.42 3.7410.28 2.17+0.08 0.99+0.08 6.3310.07 0.6510.02
C16:0 35.99+0.71  39.88+0.26  39.68+1.13 16.86£3.83  32.1313.54 27.01+2.08
C17:0 2.7910.70 3.69+0.66 3.87£1.02 2.03+0.07 2.5240.15 0.91+0.04
C18:0 4.10+1.46 8.0410.74 15.02+0.57 7.54+2.00 7.4710.18 7.35+1.76
C20:0 1.9+1.90 0.8840.14 16.2310.61 1.6+0.91

C22:0 5.76+1.06 0.37+0.05 2.1240.71 4.18+1.1

C24:0 2.0140.007 3.26+1.01 0.0410.01

Total Saturated 67.77+1.59 72.8012.69 64.52+3.46 34.84+4.57 74.01z1.1 44.1445.01

Unsaturated

MUFA

Cl6:1 3.8840.18 8.1110.41 4.47+0.30 1.53+0.3 4.1240.14 3.2241.1
C18:1 6.64+0:71 6.84+0.86 21.29+4.89 21.345t1.84 11.6+0.05 26.23+2.09
C20:1 1.095+0.09 0.72+0.01
Total MUFA 11.02+£0.19 14.94+1.27 25.76%4.58 23.97£1.58 16.22+0.50 30.17+2.2
PUFA

C18:2 @b 13.51+0.70 0.1940.01 2.25+291 9.4910.32 0.4310.02 8.74+1.01
C18:3 ©3 1.61+0 28 2.8440.44 2.8710.43 0.1440 0.15+0.01
C184 ®3 0.310.12 6.7510.26 2.42+1.14 0.013+0.03
C20:2 w6 1.17+0.07 5.80+0.84 0.6510.31 6.74510.03 2.63+0.25 0.42+0.10
C20:4 w6 0.8140.01 0.1510.07 1.53+0.54 6.89+2.54 1.02+0.24 8.91£2.01
C20:5 03 4.42+0.87 0.17+0.07 0.73+0.28 5.49+2.29 0.36+0.33 3.38t1.4
C22:6 @3 1.9+0.59 3.8440.82 0.7110.28 2.755+0.98 3.1840.05 2.70£1.2
Total 21.81+0.81 12.08+1.65 8.72+1.05 40.9946.23 10.18+1.28 24.31+£5.76
PUFA

> ®3 6.31+1.4 5.93+0.75 4.28+£1.01 17.86+3.98 6.1+0.76 6.24+2.63
> @b 15.4+0.65 6.15x0.90 4.43x2.07 23.12+1.59  4.08%0.5 18.06+3.12
> 03/Y @b 0.42 0.97 0.97 0.77 1.50 0.35

Total ws fatty acids included Cis:z, Cis:4, C20:s and Caze
Total e fatty acids included Cis:2, C20:2, and Coo:

Polyunsaturated fatty acids (PUFAs): The principal PUFAs in the examined
fishes were C18:2 ws, C18:3 w3, C18:4 w3, C20:2 we, C20:4 we, C20:5 w3, C22:6
3. The characteristic PUFAs which make fish oil as one of the important dietary
components in the nutritional profile of human which were present in
substantial quantity in the three studied fish species which were determined to
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be 8.72% in head lipid of P. sophore to 40.99% in body lipid of P. sophore. (8.72
to 40.99%) in comparison with the native fish of Bangladesh, Hilsha (Tenualosa
ilisha) with the value of 6.27 to 9.6% in summer (Jahan et al. 2000), Sardine,
Sardinella lumuru head with 26.39% (Khoddami et al. 2009) Spanish mackerel,
Scomveromorus maculates with 22.27% (Tawfic 2009), indian halibut (32.49%)
(Viswanathan et al. 1978).

801 @ Total SFA
70+ 0O Total MUFA
60+ O Total PUFA
501
401
301
201
10+
0-

Weight %

P.sophore P.sarana

Fig. 1. Total Saturated fatty acid, Monounsaturated fatty acid and Polyunsaturated fatty acid
(weight %) of Amblypharyngodon mola, Puntius sophore and Systomus saranan

The total percentage of w3 fatty acids in the three examined fish species had
values between 17.86% in the body of P. sophore to 4.28% in the head of P.
sophore shown in the Fig. 2.

Compare to some other researches , indicated that the ws PUFA content of
examined fishes was within the range of some other fish such as Sardine head
(17.79%), Spanish mackerel (15.46%), Red tilapia (7.09%), African cat fish
(1.19%) shown in Table 3 (Khoddami et al. 2009, Tawfic 2009 and Suraiah et al.
1995).

Among 3 series, the three examined fishes were good source of EPA and
DHA. The fish lipids are characterized by their high proportion of PUFAs, such
as the nutritionally important EPA and DHA, which are highly susceptible to
autoxidation because of their high degree of unsaturation (Gunstone and
Norris1983)

Eicosapentaenoic acid C20:5 (EPA) showed an almost uniform distribution in
the range of 0.17% in body lipid of A. mola to 5.49% in body lipid of P. sophore.
The most abundant of the identified individual o3 fatty acid appeared to be the
Docoshexaaenoic acid C22:6 (DHA) showed an uniform distribution in the range
of 1.9% in head lipid of A. mola to 3.84% in body lipid the same fish.
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Table 3. @3 PUFA of lipid of Amblypharyngodon mola, Puntius sophore, Systomus sarana
and some other fish species

(16:0)

Fish name Body part @3 PUFA (% of the
total fatty acid)
Amblypharyngodon mola Head 6.31+14
Body 5.9340.75
Puntius sophore Head 4.28+1.01
Body 17.86+3.98
Systomus sarana Head 6.110.76
Body 6.24+2.63
Sardine (Khoddami et al. 2009) Head 17.79
Spanish mackerel (Tawfik 2009) Muscle 15.46
Red tilapia (Suraia et al. 1995) Muscle 7.09
African Cat fish (Suraia et al. 1995) Muscle 1.19
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Fig. 2. Chromatogram of fatty acid of body of Puntius sophore.

The total percentage of we varied from 4.08% to 23.12%. The body of P.
sophore appeared to contain the highest (23.12%) and head of same fish
contained lowest (4.43%). Among ws PUFAs the C20:4 plays an important role in
growth and is a precursor of prostaglandin and thromboxane (Suraiah et al
1995). The 20:4 w3 content of the examined fishes were in high level that were
0.15% to 8.91%.
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The ratio between w3 and ws is very useful index for comparing the
nutritional value of fish lipid due to their human health effects on coronary
heart disease, cancer and autoimmune diseases. It may be used for nutrient
intake during human evolution as a 1:1 ratio (Simopoulos 1989). The ratios in
the three examined SIS lipids were in good proportion that was between 0.35%
to 1.50% shown in Tablel. Therefore it need to be more focused on lipid
extraction from Small indigenous fish species.

From the above discussion it is clear that the studied three small fishes of
Bangladesh contained higher amount of fatty acids (weight%) of lipid in
comparison with some marine, freshwater and brackish water fishes in the
region. Not only that the principal fatty acids, PUFAs especially the w3 fatty acids
which have the beneficial effect on health and diseases were found in higher
quantity in comparison with other fishes and the ratio of w3z and we is also in
good proportion. As the fishes contained higher lipid, this PUFAs will be
available in higher quantity from small amount flesh of SIS in comparison with
large fish. Therefore SIS are nutritionally very important for human health and
good source of fatty acids specially PUFAs. As PUFAs have many beneficial
effect on human health, the three examined SIS, Amblypharyngodon mola,
Puntius sophore and Systomus sarana may have positive effect in improving the
health of the nation where most of the people are poor and suffering from
malnutrition.
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