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Faculty: of Agrorindustry Department:

ABSTRACT

The objective of this study was to determine the optimum conditions for fish il extraction from
head and tail of canned mackerel waste. The ratio of canned mackerel waste to water for fish oil extraction
was L4 (weight by weight). Response surface methodology (RSM) was used for study on optimization of
fish oil extraction conditions by central composite design (CCD) of two factors, The two independent
variables investigated in this experiment were extract time (X,: 8-30 min) and temperature (X2 80-100°C).
Optimum condition for fish oil extraction was 100°c for 8 min. Base on-the optimum condition; the
predicted yield was 13.28% while the actual experimental value was 13.44%. The effect of the addition of
fish il In tomato sauce ingredients used in the production of canned fish was stucied. It was found that
10% of fish oil suitable to added into the sauce and also found that adding fish il and storage period of
canned mackerel, made canned fish contains omega-3 high.

Keywords : Fish oil Mackerel Waste
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(retort)

Eicosapentaenoic acid (EPA)  Docosahexaenoic acid (DHA)
6 (Omega-6)
polyunsaturated fatty acid (PUFAS)
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21 (Mackerel)
(Mackerel)
Scombridae, Carangidae, Hexagrammidae ~ Gempylidae

Scombridae
Scombridae
] (Scomber australasicus)
J (Scomberjaponicus)
' (Scomber scombrus)
J (Scomberomorus spp.)
' (Scomberomorus sinensis)

(Rastrelliger spp.)
(Rastrelliger brachysoma)
(Rastrelliger kanagurta)
Carangidae
J (Decapteru spp.)
J (Megalaspis cordyla)
Hexagrammidae
Pleurogrammus azonus
o Atka mackerel Pleurogrammus monopterygius
Gempylidae

»  Black snack mackerel Nealotus tripes
o Black sail snake mackerel Thyrsitoides marleyi
»  Snake mackerel Gempylus serpens
o Violet snake mackerel Nesiarchus nasutus
»  White snack mackerel Thyrsitops lepidopoides



EPA DHA A
Scombridae 2.1
24 Scombridae
. 2555
2.2

(Clostridium botulinum)

Omega 3



(Commercial sterilization)

118-122 60-70

35-40

2.3

(extraction) (separation)

L liquid extraction

diethyl ether, dichloromethane, ethyl acetate  1-butanol



( )
(distribution coefficient) (partition cogfficient)
K
2 liquid - solid extraction solid phase extraction, SPE
(Soxhlet extractor)
( )
(

) 1

3. 0as extraction
(Cold Extraction) wet reduction enzymatic extraction

supercritical fluid extraction

2.3.1. (Cold Extraction)

Cold Extraction 21



!

Mixture of substances
Dl:s|§or';ﬂﬁg %Warm Water
Cooling
separation
fish ol
22
FAQ, 1986

(Cold Extraction)
cooling

2.3.2. wet reduction
wet reduction

2.3



2.3 wet reduction
etal., 2011
2.33. (enzymatic extraction)
(Lyophilization)
activity

24



pH
enzyme
enzyme
enzyme  centrifuge

24

(Extraction)

extraction (SFE)

24 enzyme
Ramakrishnan, 2013

(enzymatic extraction)

enzyme

enzyme

(Refining)

enzyme

supercritical fluid
25
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25
FAQ, 1966

3 (Liasetand Espe, 2008.)
3 , (Mbatia et al., 2010a and
20100.)

25



1

2.6 (Fat and Oil)
(Wax) (Lipid) Ester
(glycerol)
(fatty acid)
(Triglyceride)
(glyceryl ester) Tri 3 glyceride
1 Esterification
(Essential Fatty Acids- EFAS)
prostaglandins



Al
3 6 (Khoddami et al., 2009)
3 ,
3 3
3 (methyl group)
3 26
Omega-3 Polyunsaturated Fatty Acids
Docmaimxm/m:med(Dm, : A °°H
26 3
, 2552
3 3 (Scorletti et al., 2013)
1 ALA Alapha lipoic acid (ALA)
2 EPA  Eicosapentaenoic acid (EPA)
3 DHA Docosahexaenoic acid (DHA)
3 EPA Eicosapentaenoic acid
DHA  Docosahexaenoic acid 3 (00-3 Omega 3)
-3
3
, 12



(Unsaturated fatty acid) (polyunsaturated fatty acid)
(Domingo, 2007)
6 (Omega-6 fatty acid) (Unsaturated fatty acid)
(polyunsaturated fatty acid) 6
(CH3-) 2

Omega-6 Potywsaturated Fatty Adds
COOH

HI

OOOH

C Arachidom: MMi{ 4n-6)

27 3
(255))

6 (Simopaulos, 2002).
L Linoleic -acid (LA)

2. Arachidonic acid (AA)
3. Gamma linolenic acid (GLA)

4, Dihomogamma linolenic acid (DGLA)
GLA

28 (Shahidi and Miraliakbari, 2004.) (Innis, 2004.) (Uauy, 2001)

18 3
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2
3
EPA 2.2
29 ( , 2552)
(Response Surface Method, RSM)
(Response)
(Contour plot)
(Optimization)
RSM
Y=f(X,x2 Xi+E Y (Respanse)
A, %2 Xn E = eror term
(First order model)
(Second order model) (Polynomial model)

(The least square method)
Fitted response function: y = b0+ jXjt- ... +brxn

mound-shaped, stationary-ridge, rising ridge, saddle

surface plot RSM

2.

3. surface plot

4, (Optimization)
D, (varidation)



6. (
2.10
(2541)
wet reduction
9 ) (10 20 0 )
140
85 30
280 476
(2555)
1403 511
3
0
2.88
(p<0.05)
10
037 n I : I J
(p<0.05)
0
1.95

(@)  Acid Value
Aldos, van-der-Padt, Boom, and Luten (2001)

9% °c 4

2-5)
(75 &
(p<0.05)
15
2.88
2.26
0 1 I
1
8
Peroxide

( ®% 8 )

Aidos, van-der-Padt, Boom, and
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Luten (2003) 1
(Aidos, Kreb, etal., 2003)
Okada and Morrissey (2007)
pH iselectric point



31
311 !
(

1958)
312

1) (Aluminium can)

2) (Desiccator)

3 (Tong)

4) (Beaker) 2000 ml

5) 500 ml- 1000 mi

6) (Graduate cylinder) 1000 ml

)

8) Kjeldahl flask

9) Boiling chip

10) 50 ml (Buret) - (stand Buret)

1) (Erlenmeyer flask) 250 500 ml
313

1) () (CuS04) (Merck, Germany)

2) (KX04 (Merck, Germany)

J) 2% (Merck, Germany)

4) (Merck, Germany)

5) (Merck, Germany)

6) (Merck, Germany)

7 (NaOH) (Carlo Erba Reagenti, Italy)
314

1) 4 (Sartorius ~ TE214S, Switzerland)

2) 2 (Ohaus Balance 2 decimal Ohaus ~ ARC120)

2) (evaporator) ~ BUCHI vacuum pump V-700
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J) (Centrifuge) (BECKMAN  Allegra X-12R)
4) Gerhardt (Kjeldatherm Digestion Block  KB(KB-85))
5 (Blender) (Philip  HR2115 600W)
6) Gerhardt (Distillation Unit  Vapodest 30
1) (Hot air oven) (Memmert  UNB400, Germany)
8) ( SOX406 SOX406; Soxhlet, China
9) (hot plate) IKA
10) (Panasonic, Thailand)
32
321
(
(Polyethylene  PE) 1 -18
2
322
(AOAC, 2000)
Philip-HR2115 600
112
13 LA ) hot plate 9%°c 8
(Yyield)
% yield = - X 100
2
Complete Randomized Design (CRD) Duncan’s

Multiple Range Test (DMRT)



323
322
8-30
Central composite design ( 3.1)
3231 (Yyield)
3232 3
)
RSM
31

Response surface Methodology (RSM)

Run

O 0O —~NJ O U1 &~ W Y e

SR E S

Coded

X2

Y @) of 1<

+1

+1
+1

19

80-100°c
Response surface Methodology (RSM)

(AOAC, 2005 ( )

Desirability function

Central composite design

Uncoded

Time Temp

(min) ()
19 80
8 80
8 90
19 90
30 80
8 100
19 0
19 %0
19 90
30 100
19 100
19 %0
30 90
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324
332
0510  15%
3241 3 (AOAC, 2005) (
)
3242
point hedonic scale

3
Complete Randomized Design (CRD)
Randomized Complete Block Design (RCBD)
Duncan’s Multiple Range Test (DMRT)
3

325

32413242

3241
3242

324



41

41

(Ghyield)

( 19%9)
41
(%)
1074001 108002
41404025 47134007
20814044 7224009

1.07,41.40 2081
108,471.13 1.2

111213
95°C 8

41

14
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23

4.2
Response  surface
methodology (RSM) central composite design 2

(X) (X)

4.2

4.2

Code Uncode .
un X, X2 Time (Min) ~— Temp (°c) Yield ()
1 #1 #1 30 100 10.5310.36
2 1 0 8 9% 12.50+0.43
3 0 0 19 90 11.1810.38
4 0 11 19 100 1157+0.24
5 0 0 19 90 10.10£0.45
6 1 +1 8 100 13.44£0.23
1 0 1 19 80 10.990.31
8 0 0 19 90 10.39£0.15
9 0 0 19 %0 11.12+0.06
10 0 0 19 %0 10.0310.59
1 #1 1 30 80 11.84£0.42
12 | 1 8 80 9.2810.24
13 11 0 30 90 11.3610.21
4.2 13
LA( )
100°c 8
100°c 8 1344 %
1328 % (Desirability) 0.96
43 Aidos, et al. (2001)
9%°c 8 Chantachum, et al. (2000)

' §5°c 30



24

%yield = -14.87+1.09* X,+0.29*X2-0.01* X, *X2
X,= time
X, = temperature

43
source Sum of square Mean P-value
Model 981 321 0.0145*
X, 0.37 0.37 0.4248r5
X2 1.9 1.9 0.0865r5
X,X2 148 1.48 0.0045*
Residual 417 0.53
Lack of fit 355 071 0.2168r8
Pure error 122 0.30
R2 0.67

Desirability = 0.9
significant at p<0.05, - significant a p<0.01

43
100°¢
(p=0.0045)
R2 0.67 p-value
(p=0.0145) Lack of fit ~ p-value

RSM

0.2
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3 44
44 3
Fatty acid composition
(6/100g)

Linolenic acid (C18:3, ALA) 0.07
g-Eicosatrienoic acid (C20:3) ND
Eicosapentaenoic acid (C20:5, EPA) 0.08
Docosahexaenoic acid (C22:6, DHA) 0.39
Total Omega-3 0.54

***ND = not detect

Linolenic  acid ~ (ALA) 007 ¢/100g
Eicosapentaenoic acid (EPA) 0.08 9/100g  Docosahexaenoic acid (DHA) 0.39 g/l0Qg

Total Omega-3 0.54 ¢/100g 3
Gian, et al. (2014) Eicosapentaenoic acid (EPA)
Docosahexaenoic acid (DHA) 0.24 ¢/100g
0.85 ¢/100g 3
42

4.2
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43 !
45
45
: fish oil (% by weight)
Attribut

FIOUEES 0 5 10 15
Appearance 4.1010.31 34210.69 3.5210.69 4,000.20
Color 3.8a£0.32 3.8a10.32 4.1h+0.61 3921041
Flavor 3.1a0.38 3.2210.46 3.60£0.50 3.2a10.42
Taste"s 32 £0.56 33059 4.0 +0.30 371041
Texture 3.7a20.76 3.9a+0.75 44h+0.73 3.6a+0.89
Over all liking 3.9h+0.62 3.6a20.66 5001 0.25 3.3a+0.57

IocMeans within the same row with different superscript letters were significantly different (p<0.05)

(- 19%9)

10%

1% pH 576

pH 10%
43
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43 { . (A 10% (B)
( 1958)
{
3
4.6
46 3 10%
Fatty acid composition
(9/100g) 10%
Linolenic acid (C18:3, ALA) ND 0.06
g-Eicosatrienoic acid (C20:3) ND ND
Eicosapentaenoic acid (C20:5, EPA) 0.06 0.06
Docosahexaenoic acid (C22:6, DHA) 0.40 0.28
Total Omega-3 0.45 0.40
***ND = not detect
3 10%
2
3 Eicosapentaenoic acid (EPA) Docosahexaenoic acid (DHA) ~ Total omega
3 10%

3 Linolenic acid
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10%
44
5 3
A7
4.7 3
Fatty acid composition
(9/100q) 1
Linolenic acid (08:3, ALA) 0.06
g-Eicosatrienoic acid (C20:3) ND

Eicosapentaenoic acid (C20:5, EPA) 0.06
Docosahexaenoic acid (C22:6, DHA) 0.28
Total Omega-3 0.40

***ND = not detect

{
3
10%
Storage time (Months)
2 3
0.06 0.05
ND ND
0.09 0.09
0.36 0.38
051 0.52
10%
3
10%

48

4
0.06
ND
0.07
0.32
045

5
0.04
ND
0.15
0.65
08
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48
5
AiriDuies Storage time (Months)
1 2 3 4 5
Appearance 42a+042  40a£0.66 39073  41ax031  2.6b+0.84
Color 4131056  39%z073  42a£042 39099  28h0.91
Flavor 3510.70 3810.63 3510.52 35084  2810.78
Taste 35112 3510.70 3810.42 322103 30094
Texture 43+ 067 4332067 423078 42091  34az0.84

Over all liking 38a+ 091 37a+082  39+087  36ax084  3.1a+099

abt Means within the same row with different superscript letters were significantly different (p<0.05)

10%

( 198) 10%

- \B A P ST 1
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100 8 13.28%
512 10%
513
5.2
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(AOAC, 2012)

1) 4
) (luminium can)
3) (Hot air oven)
4) (dlesiccator)
5 (Tong)
1) aluminium can 130 2
(4 )

2) Py~ NPV} 130

I, aluminium can desiccator
3)

: - X100
(AOAC, 2012)

1) 4
2) Kjeldahl flask
3)
4) 50
5) Erlenmeyer flask 250-500
6) Boiling chip 2
)

2) 2

aluminium can



J) 01  00IN
4) 3
5 (catalyst) ( 18 CuS04KZ04)
6)
0.1 Bromocresol green  alcohol %
0.1 Methyl red alcohol %
1 Bromocresol green 10
1) 1 10
2)
3)
2 2
60 Erlenmeyer flask 500

4)  Erlenmeyer flask
01

37

001 N

(A-B) x N HC1x 14

0.1 Methyl red

25 boiling chip 2-3

mixed indicator 2-3

X100

Wt. Sample « 1000

x 6.25

Blank
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(AOAC, 2012)

1) 4
) 1 (Soxhlet apparatus)
3) (Hot air oven)
4) (desiccator)
)
)

N

5 (Tong)
6) Boiling chip 2
1) 40-60

1) 1 boiling chip

(extraction thimble)

(thimble)

130

180

105

« 100
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-3, (AOAC, 2015)
1 fatty acid methyl ester
0.05 centrifuge hexane 950
methanolic 2 M 500 vortex 1
15 GC
2 0as chromatography

GC-FID 1 DB

Wax 30m, X0.32 mm X0.25 [J.m film (Supelco, Bellefonte, PA, USA)  carrier gas: H2(FID)
at 1.5 rL/min; injector temperature: 270 °C; detector temperature: 270 °C; splitless injection mode
100
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53 ‘aw

Optimization condition offish oil extraction from canned mackerel wastes and utilization

, BV 1
Juthamat Vamiakanf2and Tongchai Puttongsiril

L4 ( FAT Response surface methodology (RSM)
central composite design (CCD) 2 (X) 8-30 )
80-100°c ! 100°c 8
1344 %
!
10%
ABSTRACT

The objective of this study was determined the optimum conditions for extraction fish oil from
head and tail of canned mackerel waste. The ratio of canned mackerel waste to water for extraction
fish ol was 1:4 (weight by weight). Response surface methodology (RSM) was used for study on
optimization conditions of fish il extraction by central composite design (CCD) of two factors. The
two independent variables investigated in this experiment were extract time (X,) 8-30 and
temperature (X2) 80-100°c. Optimum condition for extraction fish oil was 100° ¢ for 8 min, which yield
of 13.44%. The study offish ail derived from the optimal conditions of extraction fish oll was use as
the ingredients used in the process of canned fish. The results showed that the amount of fish ol
added into the tomato sauce is 10%.

Key Words: fish oil, mackerel, canned, waste

Corresponding author; e-mail address: pipo_pocky_oreo@hotmail.com

1 ! 5 ! 4 10520

' Department of Food Science, Faculty of Agro-industry, King Mongkut's Institute of Technology Ladkrabang, Bangkok 10520

1035
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u ! } 53
(retort)
(Crexi et at, 2009; Liaset and Espe, 2008)
' 3 (Omega-3) Eicosapentaenoic acid(EPA)
Docosahexagnoic acid (DHA) 6
(Omega-6) polyunsaturated fatty acid

(PUFAs)
(Eduardo Lopez-Huertas,
2010 Mozaffarian, et «. 2010)

rm

( 1958)
-18°C

1086
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53

?
L] ? ?
L4 ( ) t
80-100°c 8-30
10,000 rpm 30° 10
(Yoyield)
21 ? "y,
0510 15%
5
30
( 1958)
2 9
Response Surface  Methodology (RSM)
Desirahility function
2 ? Randomized Complete Block Design
(RCBD) Duncan's Multiple Range Test (DVRT)
? ?
1 ? ?

Response  surface
methodology (RSM) central composite design 2

) g 1
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Tablel Central composite design with experimental and predicted values Time and Temperature

1328 %

30

Run

S O B~ WO D -

~

oo

10

K

13

Code
| X2
11 11
1 0
0 0
0 +1
0 0
1 +1
0 1
0 0
0 0
0 0
+1 1
1 1
1 0
1
14 ( )
13.44 % |
(Desirability)

Aidos, et at (2001)

Chantachum, et ax (2000)

Uncode
Time (Min) Temp (°C)
3 100
8 %
19 %
19 100
19 %
8 100
19 &
19 %
19 %
19 %
Kl %
8 &
3 %
® ® 1
*|(
0.9 2
95°¢c 8

Yyielc= -14.87+1.09* X2+0.29%X2-0.01* XI'X2

X,= time

X = temperature

1088

10.53+0.36
1250043
111 1038
11.5740.24
1010+0.45
13.4440.23
10.99+0.31
10.39+0.15
11.12+0.06
10.03£0.59
11.84+0.42
9.28+0.24
11-36++0.21

100°c

100°c 8

85°C
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Tahle 2 ANOVAfor the response surface model for extraction of fish all

source
Model
X
X
%
Residual
Lack of fit
Pure error
R2

Desirability = 0.96

45

53

Sum of square
981
0.37
1.9
148
411
355
1.2
0.67

significant at p0.05, “significant at p"0.01

p-value
Lackof fit ~ p-value

=02

10ss

Mean
327
0.37
1.96
148
0.53
071
0.30

100°C

P-value
0.0145*
0.424 3
0.0865rs
0.0045%

0.2168rs

(p=0.0045)

R - 067
(p=0.0145)
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Table 3 Sensory score of canned mackerel mixed with fish ol
%fish il (byweight)

Attribut
s 0 5 1 15
Appearance 4.1h1 031 34" £0.69 35"0.69 40h+0.20
Color 3871032 371032 4.1b1 061 397041
Flavor 3151038 32" +046 3.60+0.50 32" +0.42
Taste"d 32 +0.56 331059 40 £0.30 37 +041
Texture 375 +0.76 397£0.75 4.4b+0.73 36"+0.89
Over dl liking 3901 0.62 36”1 0.66 500025 337057
b, Means within the same raw with different sup erscript letters were significantly different (p~0.05)
NN a
'l
(0 1958)
10%
10%
'™ 5,76 H 60
100 8 composite desirahility 0.9
13.28% 10%
pH

( 1959)
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L
) 105,420
1 65.000
2 69,860.
240.000
2

11,680 11,680 11,680 11,680 11,680 11,680 11,680 11,680 11,680

6,400 6,400 12,800 12,800 12,800
3,500 12,000 7,000 26,00 6,380 16,000 15,000

13,800
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