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ABSTRACT: Changes in total fatty acids in fillets of yellowstripe scad, Japanese threadfin bream, and salmon when
applying different cooking methods were evaluated. All fish fillets (100 g fresh weight) were subjected to deep drying,
grilling, baking in foil, and steaming. The results showed that deep frying of Japanese threadfin bream fillet significantly
increased the total saturated fatty acid (955 mg/100 g) compared with the other cooking methods (499–612 mg/100 g).
Baking in foil showed a significantly lower retention of total monounsaturated fatty acid in all fish fillets compared to the
raw sample, especially yellowstripe scad with a total monounsaturated fatty acid content of 175 mg/100 g. Retention
of DHA+ EPA (mg/100 g) in yellowstripe scad fillet was found to be the highest by applying steaming method (112)
compared to the raw fillet (119), followed by baking in foil (108), grilling (99), and deep frying (93). Steaming and
baking in foil methods were able to retain the DHA and EPA content in the cooked fillets of all types of the studied
fish compared to raw fillet. Deep frying and grilling methods showed a significant reduction of DHA and EPA contents
in all fish fillets compared with steaming and baking in foil. The effect of different cooking methods was found to
be significantly associated with the true retention values of DHA and EPA. In conclusion, steaming and baking in foil
would be the best cooking methods for retention of DHA and EPA in yellowstripe scad fillet.
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INTRODUCTION

Aquatic ecosystems are the main contributors of
DHA (docosahexaenoic acid, 22:6n-3) and EPA
(eicosapentaenoic acid, 20:5n-3) in human diet,
thus humans obtain these polyunsaturated fatty
acids (PUFAs) through consumption of fish and
other marine and freshwater products. The rate
of consumption of marine fish, other marine prod-
ucts, and freshwater products among Malaysian
population is very high, which accounted for 93%,
93%, and 95%, respectively1. The high rate of fish
consumption in Malaysia shows that the majority of
Malaysians have knowledge of nutritional content
of fish, especially PUFA.

Raw fish fillet is cooked using different ways
before consumption. Thermo-sensitive compounds
such as fat-soluble vitamins and PUFAs in fish fillets
can be affected by cooking. Composition of PUFA

also varies among fish species. Due to the high
content of long-chain PUFAs in fish, these marine
lipids are highly susceptible to oxidation2. In fact,
higher degree of unsaturation in PUFAs tends to
have lower melting points3, which indicates that,
when the temperature increases, PUFA content de-
creases because high temperature causes a crossover
in temperature threshold which leads to degrada-
tion of PUFA in fish samples4.

Several studies have been performed to examine
the effects of different cooking methods on fatty
acids content in fish species. The effect of different
cooking methods (frying, steaming, oven cooking,
and microwave cooking) on fatty acid profiles of
red mullet fillets was determined in Ref. 3, where
DHA and EPA content did not differ much in the
fish samples. Similar findings are also reported in
Ref. 5. In contrast, some negative findings revealed
that long-chain PUFAs are susceptible to oxidation
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during heating and other culinary treatments6.
From a nutritional point of view, it is neces-

sary to recommend the best cooking method for
retaining nutritional and healthy attributes of fish
fillets, especially PUFA. Our previous study also
found that fillets of yellowstripe scad and Japanese
threadfin bream had the highest DHA and EPA con-
tent among the studied fish samples7. This study
is, therefore, conducted to determine the effect of
different cooking methods on the retention of total
fatty acids, DHA, and EPA, as well as its retention
values of fillets of yellowstripe scad and Japanese
threadfin bream, the common local marine fish that
is caught from the Straits of Malacca and commonly
consumed by Southeast Asian populations. Compar-
ison was made between fillets of the selected fish
and salmon because salmon has been known for its
rich source of DHA and EPA8.

MATERIALS AND METHODS

Chemicals and reagents

Analytical and chromatography grade of chemicals
and reagents were used in this study. Methanol,
chloroform, and isooctane were purchased from
Merck kGaA (Darmstadt, Germany). Butylated hy-
droxytoluene (BHT), NaOH, boron trifluoride (BF3),
and NaCl were purchased from Sigma-Aldrich (M)
Sdn Bhd (Selangor, Malaysia). The 37-component
FAME mix standard 47 885-U (Supelco, Germany)
was used as an external standard for fatty acid
analysis.

Sample preparation

A total of 5.0±1.0 kg of each yellowstripe scad
(Selaroides leptolepis) and Japanese threadfin bream
(Nemipterus japonicus) was obtained from the wet
market in Serdang, Selangor, Malaysia, whereas
5.0±0.5 kg of farmed salmon fillet (Salmo salar)
was purchased from a local supermarket nearby
Universiti Putra Malaysia. A mixture of small to
medium sizes of yellowstripe scad and Japanese
threadfin bream (100–150 g per fish) was selected
randomly from the bin. All samples were placed in
an icebox filled with ice packs after purchase and
instantly transferred to the laboratory. The average
length of the salmon was 35 cm, and 15–20 cm for
the local fish. Freshness of the fish (bright hue of
fish skin, translucent corners of the eyes, firm flesh,
fresh aroma, and stiffness of fish muscle) was taken
into consideration during purchasing the sample.

Before cooking, the fish were eviscerated and
two portions of fillet were obtained after the head

has been removed. Briefly, an exact 100.0 g of each
fish sample (the fillet from 2–3 fishes) was obtained.
The fish sample was seasoned with salt for 10 min
prior to cooking. Later, the seasoned fish samples
were cooked with dry-heat cooking methods (fry-
ing and grilling) and moist-heat cooking methods
(steaming and baking in foil) with three replicates.
For raw fish samples, the fish fillets were stored in
a freezer (−20 °C) until the extraction of fat was
performed.

Frying

Frying protocol was adopted from a conventional
frying method. A frying pan with two-litre capacity
was used. Briefly, 500 ml of palm oil (commercial
type) was poured into the frying pan and heated
for 5 min until the oil started to boil. A digital
thermocouple was used to measure the surface tem-
perature until it reached 180 °C. Then the seasoned
fish samples were immersed in the heated oil and
deep-fried for 8 min. During the 8 min deep frying,
the samples were turned over and deep-fried at 2-
min interval. The samples were intact during the 8-
min deep frying. After the cooking, a dry absorbent
No. 1 Whatman filter paper was placed under the
cooked samples to absorb excessive oil.

Grilling

Grilling protocol was established in our laboratory.
Stainless steel grill was used and grilling of the
seasoned fish samples was done in an electrically
operated Convotherm oven at 180 °C. The samples
were placed inside the oven for grilling. The sea-
soned samples was grilled for 10 min, turned over,
and grilled for another 10 min. The grill was slightly
greased before cooking, with a spread of 10 ml of
palm oil in order to avoid the fillet from sticking to
the base.

Steaming

Steaming protocol was adopted from Ref. 3. Briefly,
a stainless steel 5-quart steamer was filled with 2.5 l
of filtered water. The filtered water was brought
to boil and the seasoned fish samples were placed
into the steamer basket over water. The steamer
was covered with a lid and the fish samples were
steamed for 10 min. The steamer was kept at high
fire throughout the cooking.

Baking in foil

Baking protocol was adopted from Ref. 9. Briefly,
each seasoned fish sample was wrapped with
10×10 in of aluminium foil and baked using a
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preheated electrically operated Convotherm oven
set at 180 °C, up to a final internal temperature of
75 °C as measured using a digital thermocouple for
30 min. After 30 min, the foil wrapped samples were
taken out from the oven and the foil was cut with
scissors to obtain the baked fish fillet.

Cooking yield

Weight of the fish samples for each type of cooking
method was recorded before and after cooking to
determine the cooking yield, which was expressed
as a percentage.

Extraction of fat

Extraction of fat was conducted based on the
method reported in Ref. 10 with slight modifica-
tions. A representative fish sample (30 g of fillet)
was homogenized for 2 min using a Waring labo-
ratory blender with a mixture of methanol (60 ml)
and chloroform (30 ml). One volume of chloroform
(30 ml) was added to the mixture and was blended
for another 30 s. After blending, 30 ml of distilled
water was added to the mixture. A glass rod was
used to stir the homogenate and Whatman No. 1
filter paper was used to filter the homogenate on a
Buchner funnel with slight suction. After filtration,
the filtrate was transferred to a separating funnel to
separate aqueous and organic phases. Lower clear
phase (organic phase-chloroform) was drained into
a 250 ml round-bottom flask. Then it was con-
centrated in a rotary evaporator at 40 °C to remove
excessive chloroform.

Preparation of fatty acid methyl esters

Preparation of fatty acid methyl esters (FAME) was
done according to the method reported in Ref. 11.
Briefly, 25 mg of the extracted fish oil, unheated,
and heated palm oil samples were weighed and
added to 1.5 ml of 0.50 M NaOH in methanol in
a 15 ml capped centrifuge tube. The mixture was
then heated in a water bath at 100 °C for 5 min
and cooled to room temperature. After cooling,
2.0 ml of 12% BF3 in methanol was added to the
mixture and the mixture was once again heated in a
water bath at 100 °C for 30 min. Immediately, after
this step, 1 ml of isooctane was added to the tube
followed by vigorously stirring for 30 s. Finally, 5 ml
of saturated NaCl solution was added to facilitate
phase separation.

Gas chromatography analysis

Analysis of FAME was performed by a capillary gas
chromatography from Agilent Technologies, model

Agilent 6890 (CA, USA), equipped with a split-
splitless injector and a flame ionization detection
system. A highly polar HP88 column from Agilent
Technologies (100 mm×0.25 mm×0.2 µm ID) was
used to separate and quantify the FAME. Helium
was used as the carrier gas in this system at a
linear velocity of 30.0 ml/min. Split injection with
a split ratio (volume of gas passing to waste:volume
of gas passing down the capillary column) of 10:1
and 10.0 ml/min of split flow were applied. The
operation conditions were set to be 250 °C injection
port, 250 °C flame ionization detector and 200 °C
column temperature. After the analysis, all com-
pounds were identified by comparing with the re-
tention time of 37 components FAME mix 47 885-U
(Supelco, Germany).

Quantification of total fatty acids, DHA, and EPA
in fish samples

Quantification of total fatty acids, DHA, and EPA
was done based on two ways. For raw fish samples,
the amounts of fatty acids were calculated based
on both area normalization method and standard
calibration curve method. The cooked fish samples
were only determined using the standard calibration
curve method.

Area normalization method was used during
identifying every single fatty acid in the samples.
Based on previous literature12, the fraction of fatty
acids was calculated as total fatty acids, DHA, and
EPA based on the peak area of the fatty acid in
relation to the total peak area of all eluted fatty acids
in raw fish samples: fraction of total fatty acids =
A/B, where A is the area of a specific fatty acid and
B is the area of total fatty acids present.

For standard calibration method, calibration lin-
ear equation was obtained from plotted graph of
each 37 components FAME mix 47 885-U standard
(Supelco, Germany), with dilution factor of 10×,
20×, 30×, 40×, and 50×. Total fatty acids, DHA,
and EPA of raw fish samples were quantified based
on equation of the calibration curves. The fatty acids
content in both raw and cooked fish samples was
presented as mg per 100 g fresh weight (FW).

Quantification of fatty acid composition of
unheated and heated frying oil

Determination and quantification of fatty acids in
the unheated and heated frying oil (palm oil) were
performed for the purpose of ensuring the oil used
could affect the type and amount of fatty acids de-
termined in the fish samples. Fatty acid composition
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of the frying oil samples was determined based on
the standard calibration method

True retention values of DHA and EPA

Fatty acids content through quantitative analysis,
combined with cooking yields, was used to calculate
true retention value (TRV) of DHA and EPA in the
selected fish samples upon using different cooking
methods (steaming, frying, grilling, and baking in
foil), based on the formula reported in Ref. 13 as:

TRV =
NCcooked FWcooked

NCraw FWraw
,

where NCcooked = nutrient content per g of cooked
food, NCraw = nutrient content per g of raw food,
FWcooked = g of food after cooking, and FWraw = g
of food before cooking.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics 22.0 and expressed as mean±SD. Paired
sample t-test was applied to determine mean dif-
ferences of DHA and EPA content before and after
cooking. One-way ANOVA coupled with Games-
Howell post-hoc test was used to compare statistical
significance of mean concentrations of DHA and EPA
of the selected fish samples among different cooking
methods at p < 0.05. Games-Howell post-hoc test
was considered because the data did not meet the
homogeneity of variances. Chi-squared test was also
used to determine association between the effect of
different cooking methods and retention of DHA and
EPA in the fish samples.

RESULTS AND DISCUSSION

Moisture and fat content of raw fish fillets

Based on the results obtained, raw fillet of
Japanese threadfin bream had the highest mois-
ture content (82.0±0.2%), followed by raw fil-
lets of yellowstripe scad (77.5±0.2%) and salmon
(71.6±0.5%). Total fat content in the raw fish fillet
was the highest in salmon (9.45±0.05%) compared
with raw fillets of yellowstripe scad (1.84±0.08%)
and Japanese threadfin bream (1.28±0.14%). A
previous study reported a higher moisture content of
80±3% and 79±1% for raw fillets of yellowstripe
scad and Japanese threadfin bream, respectively,
compared to the moisture content determined in
this study14. Fat content in raw fillets of yellowstripe
scad and Japanese threadfin bream determined in
this study (2.7±0.4% and 2.1±0.5%, respectively)
was lower than the fat content that reported in the
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Fig. 1 Cooking yield of fish fillets applying different
cooking methods. Data are expressed as mean±SD (%)
of triplicate analyses. Bars with different lowercase let-
ters (a–c) indicate significant difference between differ-
ent cooking methods for same fish sample at p < 0.05
(Games-Howell post-hoc test).

literature7. The variation of fat content in these raw
fish samples could be due to different trophic levels
and food sources.

Cooking yield

Cooking yield from all cooking methods was ob-
tained by weighing the fish fillets before and after
cooking. Fig. 1 shows cooking yield of yellowstripe
scad, Japanese threadfin bream, and salmon us-
ing different cooking methods (steaming, frying,
grilling, and baking in foil).

A loss in weight of the cooked fish fillets is
probably due to water loss15, 16, lipid oxidation,
and degradation17 during cooking. In fact, about
80% of fish muscle is composed of lipid and wa-
ter18. Heating causes a change in the structure of
myofibrillar proteins and the membrane structures
and hence lead to water reduction19. On the other
hand, lipids in foods subjected to high temperatures
are susceptible to oxidation20. The susceptibility of
cooked meat to lipid oxidation is closely related to
its lipid content, concentration of unsaturated fatty
acids, and the presence of iron in different species21.
The fact is also supported by the literature which re-
ported that a loss in lipids was noticed after cooking
of fatty fish fillets22.

In this study, steaming of the fish fillets gave
the highest cooking yield, followed by baking in
foil, grilling, and frying (Fig. 1). The result ob-
tained from one-way ANOVA showed that cooking
yields from both steaming and baking in foil were
significantly higher than that of frying and grilling
at p < 0.05. It could be due to the high temper-
ature used in frying (180 °C) and grilling (180 °C)
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Table 1 Fatty acid (% by wt) composition of palm oil for
before and after frying.

Fatty acids Unheated After frying

12:0 0.38±0.05 0.4±2.3
14:0 1.1±1.4 1.5±6.9
16:0 36.3±9.2 36±10
16:1 0.2±1.3 0.1±1.3
18:0 3.8±2.0 3.7±1.0
18:1 44.9±4.6 46.1±4.8
18:2 12.5±2.4 11.1±2.0
18:3 0.55±0.19 0.53±0.14
20:0 0.15±0.01 0.2±1.7
SFA 41.8±5.0 42.1±5.0
MUFA 45.1±3.3 47.4±3.2
PUFA 13.1±1.9 11.6±1.8

Data are expressed as % of fatty acids (mean±SD).
In this Table and the following: SFA = saturated fatty
acid; MUFA = monounsaturated fatty acid; PUFA =
polyunsaturated fatty acid.

compared to steaming (100 °C). Increasing loss in
food weight was found for longer heating time and
increasing temperature of cooking19. On the con-
trary, baking in foil method showed a higher cooking
yield although the baking temperature (180 °C) is
the same as for frying and grilling methods. Use
of aluminium foil to wrap fish sample might have
prevented a drastic increase in internal temperature
and internal temperature of the wrapped fish fillet
was about 75 °C. This cooking technique is similar
to steaming of food where the fish fillet was cooked
by its internal steam.

The result also demonstrates that cooking yield
of frying and grilling the fillet of salmon was higher
than the yield of steamed and baked fillets of the
fish. Findings from a previous study showed cooking
losses vary greatly with fish species and cooking
method23. This observation is also supported by an-
other study that there was a statistically significant
difference in cooking yield between different fish
species24. Hence changes in cooking yield between
frying and grilling of fillets of the fish could be due
to certain factors such as different temperatures and
cooking time25.

FATTY ACID COMPOSITION OF UNHEATED AND
HEATED FRYING OIL

As shown in Table 1, fatty acid composition of the
frying did not significantly change after 8 min of
deep drying of fish samples. The fatty acid composi-
tion of the palm oil determined was within the range
reported previously26.

Table 2 Estimation of DHA and EPA content of raw fish
fillet of selected fish.

Fatty acids YS JTB Salmon

DHA 3.27±0.04a 0.91±0.02b 0.48±0.01c

EPA 4.79±0.56ab 0.95±0.05a 2.07±0.01b

DHA+EPA 8.06±0.37a 1.87±0.05b 2.55±0.01c

Total SFA 55.45±0.21a 67.59±0.51b 30.55±0.17c

Total MUFA 25.19±0.31a 23.59±0.40a 38.46±0.19b

Total PUFA 19.36±0.52a 8.82±0.11a 30.99±0.37c

Data are expressed as mean±SD (%) of triplicate
analyses. Different superscript lowercase letters (a–
c) in the same row indicate significant difference at
p < 0.05 (Games-Howell post-hoc test).
In this Table and the following: DHA = docosa-
hexaenoic acid; EPA = eicosapentaenoic acid; YS =
Yellowstripe scad; JTB= Japanese threadfin bream.

The results also showed that total PUFA was not
significantly decreased after deep frying. Although
PUFA is not a heat stable fatty acid, the high level
of SFA in the frying oil increases oxidative stability
of PUFA27. Besides the oxidative stability, total
SFA in the frying oil increased after deep frying
of fish sample. It could be due to the increasing
degree of saturation of the double bonds between
the carbons of PUFA. Hence a decrease in total PUFA
was observed for the heated oil sample (Table 1).

DHA, EPA, and total fatty acids content of raw
fish fillets

As shown in Table 2, DHA, EPA, and total fatty
acids content in raw fish fillets was estimated based
on the area normalization method and expressed
as a percentage of total fatty acids. Also, DHA,
EPA, and total fatty acids content of raw fish fillets
were quantitatively determined based on standard
calibration method (Table 3). Results of both area
normalization and standard calibration methods
show that raw fish fillet of yellowstripe scad had
the highest DHA content, followed by raw fish fillets
of salmon and Japanese threadfin bream (Tables 2
and 3). Similarly, EPA content was the highest in
raw fish fillet of yellowstripe scad, followed by raw
fish fillets of salmon and Japanese threadfin bream.
As for DHA= EPA content, both area normalization
and standard calibration methods showed that raw
fillet of yellowstripe scad had the highest DHA +
EPA content, followed by raw fillets salmon and
Japanese threadfin bream.

For determination of total fatty acids content
in the raw fish fillets based on standard calibration
method (Table 3), the result shows that raw fillet of
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Table 3 Quantification of total fatty acids, DHA, and EPA
content of raw fish fillet of selected fish.

Fatty acids YS JTB Salmon

DHA 50.75±0.70a 12.99±0.03b 13.48±0.13b

EPA 68.3±8.0ab 12.19±0.47a 54.35±0.04b

DHA+EPA 119.0±5.1a 25.18±0.31b 67.83±0.06c

Total SFA 494.4±2.4A 561±23A 497.0±4.0A

Total MUFA 212.8±3.0A 190.54±0.39A 624.2±3.4B

Total PUFA 273.5±6.5A 96.8±1.2B 623.9±9.6C

Data are expressed as mean±SD (mg/100 g FW) of
triplicate analyses. Different superscript lowercase
or uppercase letters (a–c and A–C) in the same row
indicate significant difference at p < 0.05 (Games-
Howell post-hoc test).

Japanese threadfin bream had the highest total SFA,
followed by raw fillets of salmon and yellowstripe
scad. However, the total SFA was not significantly
different between these raw fish fillets. On the
other hand, raw fish fillet of salmon had the signif-
icant highest total MUFA and total PUFA compared
with raw fillets of yellowstripe scad and Japanese
threadfin bream. Total MUFA content in raw fillets
of these two local fish was not significantly differ-
ent. However, total PUFA content in raw fillet of
Japanese threadfin bream was almost three times
lower than the total PUFA content in raw fillet of
yellowstripe scad.

Variation in fatty acids content of raw fish sam-
ples could be due to the influence of geographical
regions, age, maturity, or other biological factors on
fatty acids content in the fish28. Other factors such
as climate, temperature, rainfall, and water could
also influence fatty acids content of fish29. Besides,
dietary fatty acids pattern and availability of fatty
acids in aquatic food chain play important roles for
accumulation of fat in subcutaneous layer of fish30.
Typically, a significant amount of fat is stored in
the subcutaneous tissue of fatty fish. Removal of
fish skin may eliminate a considerably high amount
of fat31. Thus in this study, removal of fish skin
could have affected total fatty acids, DHA, and EPA
contents in the raw fish fillets.

Retention of total fatty acids, DHA, and EPA in
cooked fish fillets

As shown in Table 4, all fried fish fillets had signif-
icantly higher total fatty acids content, except for
total PUFA. Total PUFA content in the fried fillets
was significantly lower compared with the other
cooking methods. Total SFA, total MUFA, and total
PUFA content in most of the fish fillets prepared

by steaming and baking in foil methods were not
significantly lower than frying and grilling methods.
Besides, these fish fillets cooked with steaming and
baking in foil methods had a significantly higher
total PUFA content than frying and grilling meth-
ods, except for grilled fillet of Japanese threadfin
bream. Hence we conclude that frying of fish fillets
retained a higher level of total SFA and total MUFA.
One of the possible explanations for high total SFA
determined in the fried fish fillets is that these fish
fillets were deep-fried with high-SFA palm oil, where
saturated fat from palm oil was retained in the fried
fish fillets after the deep fat frying.

In this study, retention of total PUFA in all
cooked fish fillets was significantly lower than raw
fish fillets at p < 0.05 (Table 4). Retention of total
SFA and total MUFA in fried and grilled fish fillets
was significantly higher than the raw samples at
p < 0.05, except for retention of total SFA and
total MUFA in grilled fillets of yellowstripe scad
and salmon. Besides, retention of total SFA and
total MUFA in steamed and baked fillets of Japanese
threadfin bream was not significantly lower than the
raw samples (p¾ 0.05). Based on these findings, we
conclude that the moist-heat cooking (steaming and
baking in foil) of Japanese threadfin bream fillet is
able to retain most of the total SFA and total MUFA
content but not for total PUFA.

Table 4 Total fatty acids content in fish fillets of selected
fish prepared using different cooking methods.

Sample Meth.† Total SFA Total MUFA Total PUFA

YS I 471±12a* 188.7±0.3a* 253.2±0.1a*

II 612±15b* 295.1±2.9b* 198.0±1.8bcd*

III 448.1±1.5ab* 182.5±2.5a* 214.2±0.8c*

IV 439±41ab 175.3±1.4a* 227.3±0.5d*

JTB I 538.6±1.2a 178±13b 90.9±1.1b*

II 954.8±0.4b* 393.8±0.2a* 72.90±0.11a*

III 612±14a* 231.4±2.2b* 79.68±0.30b*

IV 500±19a 166±14ab 84.6±1.4ab*

Salmon I 433±14a* 525.4±1.4a* 507.6±0.6a*

II 569±15b* 711±38abc* 320.2±9.4b*

III 368±45a* 501.4±2.2b* 409.5±9.99c*

IV 425.6±0.7ab* 511.8±0.7c* 511.4±5.5a*

Data are expressed as mean±SD (mg/100 g FW) of
triplicate analyses. Different superscript lowercase
letters (a–c) in the same column indicate significant
difference at p < 0.05 (Games-Howell post-hoc test).
Asterisk (∗) indicates significant difference between
raw and different cooking methods for same fish sam-
ple at p < 0.05 (paired sample t-test).

† Method: I= Steaming, II= Deep frying, III= Grilling,
IV= Baking in foil.
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Table 5 Quantitative determination of DHA and EPA con-
tent in fish fillets of selected fish prepared using different
cooking methods.

Sample Meth.† DHA EPA DHA + EPA

YS I 49.55±0.25a 62.81±0.06a 112.4±0.1a*

II 41.5±2.9a* 51.72±0.31b* 93.2±1.8b*

III 44.5±2.5a* 54.8±1.4ab* 99.24±0.75c*

IV 48.5±1.4a 59.0±2.1ab 107.5±0.5d*

JTB I 12.24±0.49a 11.21±0.34ab 23.45±0.10a*

II 9.58±0.01a* 8.27±0.16a* 17.84±0.11b*

III 11.25±0.10a* 9.17±0.71ab* 20.42±0.43a*

IV 11.94±0.52a 10.87±0.16b 22.81±0.48ac*

Salmon I 10.42±0.11a 42.20±0.10a 52.61±0.15a*

II 7.22±0.01b* 23.10±0.88b* 30.32±0.63b*

III 6.89±0.62bc* 30.0±1.6c* 36.9±1.7c*

IV 9.78±0.04a 41.11±0.33a 50.89±0.26d*

Data are expressed as mean±SD (mg/100 g FW) of
triplicate analyses. Different superscript lowercase
letters (a–c) in the same column indicate significant
difference at p < 0.05 (Games-Howell post-hoc test).
Asterisk (∗) indicates significant difference between
raw and different cooking methods for same fish sam-
ple at p < 0.05 (paired sample t-test).

† Method: I= Steaming, II= Deep frying, III= Grilling,
IV= Baking in foil.

No significant difference was found for DHA
content in both fillets of yellowstripe scad and
Japanese threadfin bream between different cook-
ing methods (Table 5). DHA content in fried and
grilled salmon fillets was significantly lower (p <
0.05) than the content in fish fillets prepared by
steaming and baking in foil. Comparing the results
obtained for different cooking methods, one-way
ANOVA (Games-Howell post-hoc test) revealed that
the frying method retained a significantly lower (p<
0.05) EPA content in yellowstripe scad fillet than
the steaming method. As shown in Table 5, EPA
content in fried fillet of Japanese threadfin bream
was significantly lower (p < 0.05) than the content
in the fish fillet prepared with baking in foil method.
Both grilling and frying methods showed a signifi-
cantly lower (p < 0.05) EPA content in salmon fillet
than steaming and baking in foil methods. Frying
of salmon fillet also caused a significant increase in
degradation (p < 0.05) of EPA compared to grilling
method.

As shown in Table 5, retention of DHA and EPA
in all fish fillets was reduced after cooking with these
cooking protocols. Paired sample t-test analysis
proved that there was a significant decrease (p <
0.05) in retention of DHA and EPA in all fish fillets
after cooked using frying and grilling methods com-

pared to the raw fillets. No significant difference
in the retention of DHA and EPA was found for all
steamed and baked fish fillets before and after cook-
ing except for retention of DHA in fried salmon fillet.
Results obtained from this study also show that the
frying method resulted in the lowest retention of
DHA and EPA in all the studied fish fillets. Also,
grilled salmon fillet had a lower retention of DHA
than fried salmon fillet. Furthermore, no significant
difference was found for the retention of DHA and
EPA between steaming and baking in foil for all the
fish fillets.

For retention of EPA + DHA in the fish fillets,
fried fish fillets retained the lowest content, fol-
lowed by grilling, baking in foil, and steaming for
all fish fillets. In fact, yellowstripe scad had the
highest DHA + EPA content among the fish fillets
studied after being subjected to different cooking
methods (steaming, frying, grilling, and baking in
foil). Furthermore, retention of DHA+ EPA for all
the cooked fish fillets was significantly lower than
the raw fish samples.

The decrease of DHA and EPA content in fried
fish fillets was supported by a previous research. In
Ref. 32, it was reported that both cod and salmon
fillets experience a reduction in DHA and EPA con-
tent after pan-fried using olive and sunflower oils.
A similar finding is also observed for sardine and
mackerel which reported by a previous study6. A
modest reduction of DHA and EPA content in fried
humpback salmon fillet was reported previously
compared with boiling and roasting methods5.

In this study, the decrease in DHA and EPA
content of grilled fish fillets is in agreement with
a previous study that grilled marine fish products
which are rich in EPA experienced a moderate
decrease in PUFA level33. In contrast, steaming
and baking methods showed no significant decrease
of DHA and EPA content in the fish fillets. A
previous study reported that baking and steaming
have little influence on fatty acid composition in
the fish species18. It was also hypothesized that
baking could be a cooking technique that involves
a mild heating rate with moderate cooking yield9.
In addition, DHA and EPA content in steamed and
oven-baked fish were significantly higher (p< 0.05)
than deep-fried fish34.

Thermal treatment has been reported for its
increasing susceptibility of omega-3 PUFA towards
oxidation35. Nutritional changes in food depend
on the mode of cooking and specifically the ap-
plied temperature3. In this study, the temperature
of frying, grilling, and baking in foil was set at
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180 °C. Both frying and grilling methods exposed
the fish fillets directly to heat. Exposure to high-
temperature could reduce DHA and EPA content
in the fried and grilled fish fillets. However, the
steaming and baking in foil methods showed no
significant decrease in DHA and EPA content of all
fish samples. It could be explained by the lower
temperature used for steaming of fish and the fish
fillets were steam-cooked by hot steam. Baking in
foil also shared a similar mode of cooking as for
steaming, where the fish fillets were wrapped with
aluminium foil for preventing direct heat contact.
Thus the internal temperature of the fillet in baking
foil does not exceed 75 °C.

In addition to temperature, surface contact, fish
size and initial fat content of the fish samples could
also affect fatty acid composition of fish fillet during
cooking36. A study showed that the best lipid
stability was obtained at a minimum cooking time
of 38 min compared to 54 min and a lower temper-
ature of 55 °C compared to 100 °C37. Thus the vari-
ation of DHA and EPA contents in the fish samples
applying different cooking methods could be due to
the inconsistent surface area of fish fillets, as well
as inappropriate cooking duration adopted in this
study. It was also suggested that the temperature
set for heating any food should be adaptable to the
food size, for example, the larger the surface of food,
the lower the temperature15. Although it was also
hypothesized that there are high levels of natural
antioxidants in fish species of Salmonidae family
with red coloured flesh which can prevent oxidation
of PUFAs during heat treatments5. However, in
this study, the fried and grilled salmon fillets had
significantly lower retention of DHA and EPA than
the steamed and baked fillets.

True retention value of DHA and EPA using
different cooking methods

Fig. 2 demonstrates true retention values (TRVs) of
DHA and EPA in fish fillets prepared using different
cooking methods. Statistical analysis applying one-
way ANOVA (Games-Holl post-hoc test) shows that
TRVs of DHA and EPA for both steaming and baking
in foil were significantly higher (p < 0.05) than
TRVs of DHA and EPA for frying and grilling in
all fish samples. No significant difference in TRVs
of DHA or EPA was found between steaming and
baking in foil, as well as between frying and grilling
in all the fish fillets.

Comparing among the fish fillets, TRVs of DHA
and EPA in salmon fillet for steaming and baking in
foil methods were not significantly lower than the
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Fig. 2 True retention value (TRV) of (a) DHA and (b) EPA
in fish fillets applying different cooking methods. Data are
expressed as mean±SD (%) of triplicate analyses. Bars
with different lowercase letters (a–b) indicate significant
difference between different cooking methods for same
fish sample at p < 0.05 (Games-Howell post-hoc test).

other two fish fillets except for the baked fillet of
yellowstripe scad (Fig. 2). In fact, yellowstripe scad
and Japanese threadfin bream are classified as low-
fat fish (2% and 1%, respectively) while salmon is a
fatty fish (10%). The low TRV in salmon fillet can be
explained by the fact that low-fat fish such as catfish
(2% fat) is much less susceptible to fat drip during
heat treatment than high-fat fish such as salmon38.

Limited studies have been done on TRVs of fatty
acids in fish fillets treated with different cooking
methods. In this study, retention of DHA and EPA
in all steamed fish fillets was within the proposed
range of 71–85%39. The trend of TRVs of DHA
and EPA in the studied fish fillets was also in agree-
ment with the previous study9, where baking in
aluminium foil method showed the highest TRVs of
DHA and EPA in European sea bass while oven and
microwave heating had the lowest TRVs of DHA and
EPA. However, more studies are needed for further
investigation of these cooking methods on retention
of DHA and EPA in other pelagic and demersal fish.

Association between cooking methods and TRV
of EPA and DHA

Association between different cooking methods and
the TRVs of DHA and EPA was determined using
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a chi-squared test. Results show that there was a
statistically significant association between cooking
methods and TRVs of DHA and EPA at p < 0.01.
Steaming and baking in foil (moist-heat cooking
method) were associated with high TRVs of DHA
and EPA, whereas frying and grilling (dry-heat cook-
ing method) were associated with low TRVs for DHA
and EPA. Hence we conclude that steaming and
baking in foil methods are associated with higher
retention of DHA and EPA than frying and grilling
methods in both local fish and salmon since these
moist-heat cooking methods give high TRVs.

Determination of total fatty acids, DHA, and
EPA content in different fish species prepared with
different cooking methods has been widely done.
However, none of those studies has determined
association between different cooking methods and
retention of DHA and EPA in fish fillets. Hence
the data of this study can serve as a reference and
preliminary finding for future study in further ex-
ploitation of fatty acid composition by using differ-
ent cooking methods especially in these less popular
sources of EPA and DHA.

CONCLUSIONS

This study concluded that steaming and baking in
foil methods have little effect on reduction of DHA
and EPA content in the studied fish samples, as
well as total fatty acids content, whereas frying and
grilling have a considerably high reduction of DHA
and EPA content in the cooked fillets compared to
raw fillets. Frying method also tends to have a
lower retention of DHA and EPA in all fish fillets
compared with the other cooking methods. Steam-
ing and baking in foil are the best cooking meth-
ods for retaining DHA and EPA in fish fillet while
both frying and grilling are the high-temperature
cooking. Moist-heat cooking methods (steaming
and baking in foil) are also associated with higher
retention of DHA and EPA in both local fish and
salmon which showed higher TRVs in comparison
to dry-heat cooking methods (frying and grilling).
Yellowstripe scad remains as a good source of total
PUFA even after using different cooking methods,
which also had the highest DHA and EPA among
the fish samples tested. It is also considered as the
best low-fat fish caught from the Strait of Malacca.
Consumption of steamed fillet of yellowstripe scad
is able to maintain good health through increased
intake of DHA and EPA.
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