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Abstract

Optimization of the concentrating conditions of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) ex-
tracted from Asian catfish oil was studied to obtain a maximum concentration. The crude fish oil was extracted from the belly flap
and adipose tissue of Asian catfish, and the extracted oil was used as fresh crude oil. The EPA and DHA were concentrated by
the urea complexation method. A hexagonal rotatable design was applied to examine the effects of crystallization temperature
and urea-to-fatty acid ratio on the total content of EPA and DHA (Y ) and the liquid recovery yield (Y,). The second order
polynomial regression models for Y, and Y, were employed to generate the response surfaces. Under the optimum conditions
of -20 °C and a urea-to-fatty acid ratio of 4 (w/w), the total concentration of EPA and DHA could be increased by up to 88%, while

a liquid recovery yield of 26% was obtained.
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1. Introduction

The Asian catfish (Pangasius bocourti) is a catfish
species of the Pangasiidae family (Orban et al., 2008). This
fish is being widely cultured in floating cages in the Mekong
River in Northeastern provinces of Thailand. The Asian
catfish is popular in Thai dishes and is often farmed for food.
Among other farm fishes, it has provided local Thai people
with fish protein and fish oil. Recently, it has become a highly
demanded fish in the European market and has been exported
as frozen fillets to European countries (Cacot et al., 2002;
Anonymous, 2005).
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However, many of the Asian catfish by-products are
still not utilized, and there are issues associated with acquir-
ing and processing them (Wu and Bechtel, 2008). The ability
to process Asian catfish by-products or refrigerate large vol-
umes of by-product remains low, especially at small, remote
processing plants. This problem often results in as much as
60-70% of the by-products being discarded. The major by-
products from the processing line of Asian catfish in Thailand
are the heads, tails, skin, belly flaps, adipose tissue and
viscera (Anonymous, 2005; Silva and Dean, 2001).

Fish has been known as a source of high-quality
protein and lipid (Weber et al., 2008), with fish oil being
an important source of omega-3 polyunsaturated fatty acids
(PUFA) (Navarro-Garcia et al., 2004). PUFA takes part in the
vascular retina formation and brain development of the child
during pregnancy (Gould et al., 2013; San Giovanni and
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Chew, 2005; Navarro-Garcia et al., 2004; Simopoulos, 1996;
Hoffman and Uauy, 1992). Because PUFA can also reduce
blood pressure, signify LDL cholesterol and help preventing
several diseases such as thrombosis, hypertension, type 2
diabetes, inflammatory disease, arrhythmia and coronary
heart disease, it is essential to the human health (Durrington
et al.,2001; Simopoulos, 2002; Weber et al., 2008).

Fish oil containing omega-3 PUFAs has been in high
demand for pharmaceutical and dietetic purposes (Jonzo et
al., 2000). However, fish oils are unattractive because they
contain substantial amounts of undesirable cholesterol and
saturated fatty acids (SFA) (Wanasundara and Shahidi, 1999).
Some studies indicated that the PUFA concentrates, devoid
of more cholesterol and SFA, are much better than marine fish
oils themselves since they allow the daily intake of total lipid
to be kept as low as possible (Haagsma et al., 1982). Fish oil
has been preferentially used as a raw material to prepare EPA
and DHA concentrates due to its potential applications in the
food and pharmaceutical industries (Gamez-Meza et al.,
2003).

The PUFA concentrates can be produced by several
methods, including supercritical fluid extraction, freezing
crystallization, urea complexation, molecule distillation, silver
ion complexation, lipase concentration and high performance
liquid chromatography (Shahidi and Wanasundara, 1998;
Medina et al., 1998; Liu et al., 2006; Corréa et al., 2008;
Chakraborty and Raj, 2009; Chakraborty et al., 2010). How-
ever, the simplest and most efficient technique for obtaining
PUFA concentrates in the form of free fatty acids is the urea
complexation method (Liu et al., 2006; Wanasundara and
Shahidi, 1999; Patil and Nag, 2011). The main application of
the urea complexation method is separation of saturated and
mono-unsaturated fatty acids from PUFA (Medina et al.,
1998; Wanasundara and Shahidi, 1999; Patil,2014).

Urea complexation has the advantage that the
complexed crystals are highly stable. As a result, the filtration
does not necessarily have to be carried out at very low
temperatures which solvent crystallization of fatty acids
would require (Wanasundara and Shahidi, 1999; Liu et al.,
20006; Suriani et al., 2014). This technique is also favored by
many researchers and fish oil factories because the complex-
ation depends upon their shape, size, geometry and configu-
ration of the fatty acid moieties due to the presence of
multiple double bonds, rather than pure physical properties
such as melting point or solubility (Shahidi and Wanasundara,
1998; Medina et al., 1998; Wanasundara and Shahidi, 1999;
Liu et al., 2006; Patil and Nag, 2011).

Within this study, we aimed at using by-products of
Asian catfish fillets, namely the belly flap and adipose tissue,
for the production of fish oil. Urea complexation of Asian
catfish oil was carried out to concentrate EPA and DHA of
oil. Variables such as crystallization temperature (X, °C) and
urea-to-fatty acid ratio (X, w/w) were studied collectively in
order to optimize the conditions to obtain a maximum con-
centration of EPA and DHA.
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2. Materials and Methods
2.1 Materials

The belly flap and adipose tissue of the Asian catfish
(P. bocourti) were obtained from a fish-filleting factory
located in Nakhon Phanom Province, Thailand. The extrac-
tion, refining (R) and bleaching (B) of the oil were carried out
according to recommended procedures for fish oil (Sunarya
et al., 1996; Bimbo, 1998). The RB oil was stored under
nitrogen at -25°C in amber glass container until used. Fatty
acid methyl esters were purchased from either Fluka (Buchs,
Switzerland) or Sigma (St. Louis, USA). All other chemicals
used in this study were of analytical grade.

2.2 Analysis of fatty acid composition

Fatty acid methyl esters (FAME) of the Asian catfish
oil were prepared by transesterication according to the
method of Yang et al. (2006). In detail, 3 ml HCl-methanol
reagent and 1 ml toluene reagent were added to the oil of 100
mg. They were then heated at 70°C for 2 hrs. Fatty acid
methyl esters were extracted in 2 ml hexane and stored at
-25°C before chemical analysis. The fatty acid methyl esters
were analyzed by a SHIMADZU (GC-2014) gas chromato-
graphy with a flame ionization detector (FID) (Thammapat
etal.,2015).

2.3 Preparation of free fatty acids from Asian catfish oil

The preparation of free fatty acids from Asian catfish
oil took place according to the following procedure. A quan-
tity of Asian catfish oil of 175 g was treated with 200 ppm
butylated hydroxytoluene (BHT) before saponification with
a mixture of40.25 g KOH, 77 ml distillated water and 462 ml
of 95% (v/v) aqueous ethanol. The saponification was
operated at 62+2°C for 1 hr under nitrogen. Distilled water
of 350 ml was added to the saponified mixture and the
unsaponifiable mixture was extracted into hexane (2x200 ml)
and discarded. The aqueous layer containing the saponified
matter was acidified to pH=1.0 with 3 N HCI. The mixture
was transferred to a separating funnel and the liberated fatty
acids were extracted into 350 ml hexane. The hexane layer
containing free fatty acids was then dried over anhydrous
sodium sulfate, and the solvent was removed in a rotator
evaporator at 40°C under vacuum to recover free fatty acids
which were then stored under nitrogen at -25°C in dark amber
glass containers until used in the urea complexation.

2.4 Preparation of EPA and DHA concentrates from Asian
catfish oil by urea complexation

The separation of EPA and DHA from the hydrolyzed
fatty acid mixture of Asian catfish oil was carried out by urea-
fatty acid adduct formation according to the following
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procedure. Free fatty acids of 300 g were mixed with 20%
(W/v) urea in 95% aqueous ethanol and heated at 60-70°C,
with stirring, until the whole mixture turned into a clear homo-
geneous solution. The urea-to-fatty acid ratio was changed
by using different amounts of urea (2:1, 3:1 and 4:1 w/w).
Initially, the urea-fatty acid adduct was allowed to crystallize
at-5°C, -10°C, -15 °C and -20 °C for 6 hrs. The crystals formed
were separated from the liquid by filtration under suction us-
ing a Buchner funnel lined with a No.1 Whatman filter paper.
The filtrate was diluted with an equal volume of water and
was acidified to pH4-5 with 6 N HCI; an equal volume of
hexane was subsequently added. The mixture was stirred
thoroughly for 1 h and then transferred to a separating funnel.
The hexane layer, containing liberated fatty acids, was sepa-
rated from the aqueous phase. The hexane phase was washed
out with distilled water (2x150 ml) to remove any remaining
urea and then dried over anhydrous sodium sulfate, and the
solvent was removed in a rotator evaporator at 40°C under
vacuum. The percentage recovery was calculated.

2.5 Gas chromatography analysis

Free fatty acids were transformed into the corres-
ponding methyl esters (Yang ef al., 2006). The fatty acid
methyl esters were analyzed by a SHIMADZU (GC-2014) gas
chromatography with a flame ionization detector (FID). The
esters were separated on a 30 m x 0.25 mm i.d. wall-coated
open tubular fused silica capillary column coated with DB-
WAX. Column injector and detector temperatures were 250
and 270°C, respectively. The carrier gas was nitrogen flowing
at 1.27 ml/min. The temperature program was 150-180°C at
20°C/min, then from 180°C to 220°C at 2.5°C/min, held at
220°C for 3 min, then from 220°C to 230°C at 10°C/min, held
at 230°C for 3 min and from 230°C to 235°C at 5.0°C/min, held
at 235°C for 10 min. Individual methyl esters were identified
against the retention time of standard methyl esters.

2.6 Optimization procedure for production of EPA and DHA
concentration by urea complexation of Asian catfish oil

In this study, the hexagonal rotatable design (Gacula
and Singh, 1984) was employed to study the responses, such
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as the total content of EPA and DHA and the liquid recovery
yield (Y variables) by urea complexation of Asian catfish oil.
The crystallization temperature (X,) and urea-to-fatty acid
ratio (X,) were independent variables employed to optimize
Y variables. The level of variables for the development of the
model is represented in Table 1. Triplicate reactions were
carried out at all designed points except at the central point
(0,0) where four replications were performed to allow the
estimation of the ‘pure error’. All experiments were carried out
in a randomized order to minimize the effect of unexplained
variability in the observed responses due to extraneous
factors. A quadratic polynomial regression model was
assumed for predicting individual Y variables. The model
proposed for each response of Y is:

Y=p+ ZpiX+ 2P X +LEL XX (1)

In this model, B, B, B, and ﬁlj were intercept, linear,
quadratic and interaction regression coefficient terms, res-
pectively, and X, and X were independent variables. The
Design-Expert was used for multiple regression analysis,
analysis of variance (ANOVA) and analysis of ridge maxi-
mum of data in the response surface regression (RSREG)
procedure. Response surfaces were developed using the
fitted quadratic polynomial equations obtained from RSREG
analysis by holding the independent variables with the least
effect on the response at a constant value and by changing
the levels of the other variables.

3. Results and Discussion
3.1 Fatty acid composition

The compositions of fatty acids of the Asian catfish oil
are shown in Table 2. The predominant fatty acids of Asian
catfish were SFA (35.61%), followed by PUFA (37.88%) and
MUFA (25.61%). The oleic acid (18:1) was the major MUFA,
while palmitic acid (C16:0) and linoleic acid (18:2) were the
major SFA and PUFA, respectively. These results are in agree-
ment with previous studies on fatty acids of Asian catfish,
which is the largest farmed Thailand native, warm water, fresh
fish (Thammapat et al., 2010). The major contributors to n-3

Table 1. Variables (factors) used for hexagonal rotatable design.

Coded- variable levels

Natural-variable levels

Zl Z2 Xl X2
(Crystallization Temperature, °C) (Urea-to-fatty acid ratio, w/w)

1.00 0.00 5 3.00

0.50 0.866 -10 3.87
0.50 0.866 20 3.87
-1.00 0.00 25 3.00
-0.50 -0.866 20 2.13

0.50 -0.866 -10 2.13

0.00 0.00 -15 3.00
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Table 2. Fattyacid composition (% total fatty acids) of Asian

catfish oil.

Fatty acid composition (% total fatty acids)
Cl14:0 4.65+0.07
Cl16:.0 22.65+0.18

Cl16:1n9 1.53+0.05
C18:.0 8.31+0.09
C18:1n9 24.98+0.20
Cl18:2n-6 16.53+0.15
Cl18:3n-3 0.75+0.09
C20:3n-6 0.82+0.05
C20:4n-6 0.85+0.08
C20:5n-3 8.17+0.06
C22:n-3 10.76+0.11
SFA 35.60+0.19
MUFA 26.51+0.16
PUFA 37.88+0.16
2.n-3 PUFA 20.500.13
2.n-6 PUFA 18.200.28

Mean values + standard deviation of determinations for
triplicate samples.

PUFA was 22:6 while 18:2 was found to be the major n-6
PUFA. Similar results were observed in other fish water fish,
such as sardine (Létisse et al., 2006), Lake Superior fish
(Wang et al., 1990) and rainbow trout (Halilodlu et al., 2004)

3.2 Concentration of EPA and DHA of Asian catfish oil

Experimental values obtained for responses. The total
content of EPA and DHA and the liquid recovery yield of
Asian catfish oil for ten design points are given in Table 3.
The maximum increase of total EPA and DHA content was
90.65%, with exhibited 25.42% liquid recovery yield in the
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non-urea complexed fraction, which was obtained at crystalli-
zation temperature of -20°C and urea-to-fatty acid ratio of
3.87.

The crystallization temperature and urea-to-fatty acid
ratio were the most influential variables affecting the degree
of PUFA concentration. Generally, enrichment of PUFA in
concentrate and liquid recovery yield varied inversely with
the decreasing crystallization temperature as well as with the
increasing urea-to-fatty acid ratio (Liu et al., 2006). At low
temperatures, fatty acids had a greater tendency to form urea
compounds than at high temperatures, and the urea-to-fatty
acid ratio could be used to segregate the fatty acids by their
degree of unsaturation. Liu et al. (2006) have reported similar
results for the urea complexation experiment conducted on
tuna oil. In addition, Wanasundara and Shahidi (1999) have
reported that DHA was a major portion in the non-urea
complexed fraction, while EPA was a major portion in the urea
complexed fraction. Urea complexation of seal blubber oil
resulted in an increase in the total PUFA content by up to
89.50% in the non-urea complexed fraction.

Urea complexation of Asian catfish oil in this experi-
ment resulted in less EPA content in the non-urea complexed
fraction as compared to that of the DHA. This could be
because the content of EPA in the Asian catfish was lower
than that of DHA. Nevertheless, EPA had a greater tendency
than DHA to form urea compounds; this is confirmed by
previous studies on marine fish oil (Ratnayake ef al., 1988;
Wanasundara and Shahidi, 1999).

When urea crystallizes from the mixture, the saturated
fatty and mono-unsaturated fatty acids were first included
in the crystal while the PUFAs remained in the mixture. The
long-chain mono-unsaturated fatty acids, especially those of
the C20 and C22, form complexes with urea more readily than
those of the shorter chain saturated fatty acids (C14 and C16)
(Medina et al., 1998; Shahidi and Wanasundara, 1998). The
tendency of fatty acids to combine with urea decreased with

Table 3. Hexagonal rotatable design arrangement and responses for non-urea
complexed fraction of the Asian catfish.

Variable levels Response,
Y(non-urea complexed fraction)
X, (Crystallization ~ X (Urea-to-fatty Total EPA and Yield
Temperature, °C) acid ratio, w/w) DHA(%) (%)
5 3.00 65.88+1.32 43.04+0.82
-10 3.87 83.67+2.04 38.96+1.08
20 3.87 90.65+2.16 25.4240.65
25 3.00 74.16+1.83 24.59+0.98
-20 2.13 84.47+1.75 34.07+1.12
-10 2.13 76.67£0.97 41.01+£1.25
-15 3.00 83.46+1.38 33.33+1.04
-15 3.00 81.79+2.01 33.78+0.95
-15 3.00 83.23+1.94 33.06£1.14
-15 3.00 81.94+1.56 33.97+0.83




P. Thammapat et al. / Songklanakarin J. Sci. Technol. 38 (2), 163-170,2016

unsaturation increase and with chain-length decrease
(Medina et al., 1998). Complete removal of saturated fatty
acids by urea complexation could be quite impractical. This
was because some saturated fatty acids did not form complex
with urea during crystallization time (Liu et al., 2006).

In our present study, it was observed that the urea-to-
fatty acid ratio and temperature, both of which are strongly
related, are the most influential variables affecting the degree
of PUFA concentration. The variation in EPA and DHA con-
centration with the urea-to-fatty acid ratio is different when
the crystallization temperature is low than when it is high
(Medina et al., 1998).

3.3 Analysis of model

Optimization of processing conditions, such as crys-
tallization temperature (X, ) and urea-to-fatty acid ratio (X)),
to maximize the total content of EPA and DHA in the prepared
concentrate was determined. The multiple regression co-
efficients obtained by employing a least square technique to
predict a quadratic polynomial model for the total content of
EPA and DHA (Y) and the liquid recovery yield (Y).

Examination of these coefficients with the t-test, for
the total content of EPA and DHA, indicated that linear and
quadratic terms of crystallization temperature and urea-to-
fatty acid ratio were highly significant (P<0.01). For the liquid
recovery yield, the linear terms of crystallization temperature
and urea-to-fatty acid ratio were highly significant (P<0.01)
and the quadratic term were also significant (P<0.05). These
results suggested that the linear and/or the quadratic effect
of crystallization temperature and urea-to-fatty acid ratio may
be the primarily determining factors for both EPA and DHA
total contents, as well as for the liquid recovery yield. The
coefficients of independent variables determined for the
quadratic polynomial models for the total content of EPA and
DHA (Y,) and the liquid recovery yield (Y,) of the prepared
concentrate are given below:

Y =82.73-5.67Z +2.85Z, ~11.21Z7 +6.1522 =1.09Z,,
@

Y, =32.96+10.56Z, —4.13Z, + 2.36Z7 +1.76 22 +1.73Z,,
©)

These results show that the models predicted for Y,
and Y, were adequate as indicated by error analysis that
showed non-significant lack-of-fit (P>0.05). The adjusted
correlation coefficients for the determination (R’) of the total
content of EPA and DHA and the liquid recovery yield were
0.98 and 0.99, respectively.

3.4 Optimization of process conditions to maximize contents
of the total content of EPA and DHA and the liquid
recovery yield of Asian catfish oil concentrate

The response surfaces for the total content of EPA
and DHA and the liquid recovery yield are given in Figure 1

167

and 2, respectively. The results of canonical response
surfaces were given in Table 4. The stationary points for the
total content of EPA and DHA by urea complexation predicted
amaximum increase of 90.71% at the crystallization tempera-
ture of -19.73°C and the urea-to-fatty acid ratio of 3.89. The
result of the three-dimensional response surface indicated
that the total content of EPA and DHA would be increased
with decrease of the liquid recovery yield. Therefore, in the
case of a high level of the total content of EPA and DHA,
a low liquid recovery yield in concentrate would be desired,
and a crystallization temperature of -20.93°C and a urea-to-
fatty acid ratio of 3.91 may be suitable.

Previous studies have reported different variable
processing conditions for producing fish oil concentrates.
For example, Wanasundara and Shahidi (1999) have reported
that the content of total 3 fatty acids was highest at the
crystallization temperature of -10°C, urea-to-fatty acid ratio
of 4.5 and crystallization time of 24 hrs. On the other hand,
Liu et al. (2006) have reported that the total content of EPA
and DHA was highest at the crystallization temperature of
-3.88°C, urea-to-fatty acid ratio of 15.78 (mole ratio) and
crystallization time of 15.86 hrs. Our study used a lower

=
25.00
20.00 *
15.00 ™/
3.00

x1 10.00

X
500  2.13

Figure 1. Response surface for the effect of crystallization and
urea-to-fatty acid ratio on the total content of EPA and
DHA of the concentrate of Asian catfish oil.

<

Figure 2. Response surface for the effect of crystallization and urea-
to-fatty acid ratio on the liquid recovery yield of the con-
centrate of Asian catfish oil.
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Table4. Predicted and observed values for response variables in urea complexation experiment of

Asian catfish oil.

Critical values of
independent variables

Response variables Stationary  Predicted Observed value®
Crystallization ~ Urea-to-fatty point value (%) (%)
Temperature acid ratio
(°C) (W/w)
Total EPA and DHA (%) -19.73 3.89 Maximum 90.71 88.24+1.34
liquid recovery yield -20.93 391 Minimum 24.27 2642+0.49

*Mean values + standard deviation of determinations for triplicate samples.

crystallization temperature than those used in these studies,
because of the higher short chain SFA and long chain MUFA
content in Asian catfish oil. It would be difficult to remove
those fatty acids from the mixture as they were included in
the urea crystals (Medina et al., 1998). Accordingly, the
specific crystallization temperature of any individual fish oil
should be determined. The crystallization temperature is also
dependent on the degree of concentration desired (Shahidi
and Wanasundara, 1998).

The adequacy of the models predicted was examined
by performing independent experiments at the optimal condi-
tions for both the total EPA and DHA content and the liquid
recovery yield. Verification results revealed that the predicted
values from these models were reasonably close to the
observed ones (Table 4), indicating that the models are suit-
able for the prediction of the study responses. The urea-to-
fatty acid ratio may be used to segregate the fatty acids by
their degree of unsaturation. When insufficient amounts of
urea are used, fatty acids compete among themselves for
complexing with urea; hence fractionation may occur accord-
ing to the different competing tendencies of the different fatty
acids (Medina ef al., 1998). As predicted values of optimum
crystallization temperature and the urea-to-fatty acid ratio
were -19.73 and 3.89% (Table 4), respectively. For practical
use, we decided to further study crystallization temperature
at -20°C and the urea-to-fatty acid ratio of 4% (w/w) and the
results are show in Table 5. The results show that a urea-to-
fatty acid ratio of 4, the SFA and MUFA are eliminated while
the PUFA remains in solution. The tendency to form urea
compounds increases with decreasing crystallization tem-
perature of -20°C. On the other hand, the higher the crystalli-
zation temperature, the lower is the tendency of fatty acids to
form urea compounds (Medina et al., 1998). According to
our study (Table 4 and 5), it has been confirmed the model
proposed for the total content of EPA and DHA and liquid
recovery yield provided a good prediction for concentrated
PUFA production.

4. Conclusions

The processing parameters were found to be: a crys-
tallization temperature of -20°C and a urea-to-fatty acid ratio

Table 5. Fatty acid composition (% total fatty acids) of non-
urea complexed fraction obtained at -20°C and
aurea-to-fatty acid ratio of 4 (w/w).

Fatty acid composition (% total fatty acids)
C14:0 0.05+£0.01
C16:0 0.24+0.04

C16:1n9 0.03+0.01
C18.0 0.11+0.03
C18:1n9 0.23+0.05
C18:2n-6 9.07+0.74
C18:3n-3 0.95+0.12
C20:3n-6 0.99+0.15
C20:4n-6 1.02+0.20
C20:5n-3 31.06+1.78
C22:n-3 56.25+2.08
2n-3 PUFA 88.26+2.64
2n-6 PUFA 11.08+0.70

Mean values + standard deviation of determinations for tripli-
cate samples.

of 4 (w/w). We selected these conditions in order to achieve
the highest levels of the total content of EPA and DHA and
low liquid recovery yield in concentrate. Under these condi-
tions, the total content of EPA and DHA could be increased
by up to 88% with a liquid recovery yield of 26% of the
weight of the original Asian catfish oil. The urea complexa-
tion was demonstrated to be a feasible method for the
concentration of EPA and DHA from Asia catfish oil in food
industry.
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