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Abstract

Taguchi experimental design and analysis was used to determine optimal conditions for extraction of cod
by-product. The independent variables were set to three factors three levels, namely, extraction temper-
ature(80, 98, 121oC), extraction time(2, 3, 4 hr) and addition of water (1.3, 2.0, 2.7 times) and response
variables were extraction yield, crude protein, crude ash and calcium content in extract. Cod by-product
as pre-treatment of extraction was chopped to determine how the difference affects extract characteristics
for hot-water extraction. The extraction rate constant(k) of solid content and crude protein of the
chopped and unchopped cod by-product were measured. It was found that, in the chopped cod by-prod-
uct, the extraction rate constant of the soluble solid content was 0.137 hr-1 and the extraction rate con-
stant of the crude protein content was 0.133 hr-1. In unchopped cod by-product, the extraction rate
constants were 0.057 hr-1 and 0.101 hr-1, respectively. Optimized results via Taguchi analysis showed that
optimum conditions and significant factors for yield were extraction temperature: 121oC, extraction time:
4 hr, addition of water: 2 times(A3B3C2) and extraction temperature, that optimum conditions and sig-
nificant factors for crude protein were extraction temperature: 121oC, extraction time: 4 hr, addition of
water: 2 times(A3B3C2) and extraction temperature. Optimum conditions and significant factors for crude
ash were extraction temperature: 121oC, extraction time: 4 hr, addition of water: 2.7 times(A3B3C3) and
addition of water, that optimum conditions and significant factors for calcium were extraction tempera-
ture: 80oC, extraction time: 2 hr, addition of water: 2 times(A1B1C2) and addition of water.
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���� ������ �� ��� ���� �
� ���� �� ���� ��� ���� ��.

�� ��� � 40~70%� ���� �� ��, �
�, ��, �� �� �� ��� �� ���� �

� ��� �� ��� �� ���� �� ���

��� �� ��� ��� ���� ��(���

�, 2002).
�� ����� ���� ������, 	��
�� � ����� ���� 
� ��� �� �

���� ��� ���� ��, ��� ���
hydroxyapatite ��, ���� �� �� ��, �

����� ���� ��, ���� ������
����� ����� ����, ���� ���
���� �� �� ��. �� WTO �� �� �

� ������ 	�� 	�� ��� ���	�
� ���� ��� �	�� �� ����(��

�, 1991). �� ��� �� ����� �� �
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� ������ ����� ��� creamy fish

protein �� bio-fish flour �� �� ���� ��
��� �� ����� ��� ���� ��(�
��, 1996).

��� �(1998)� ��� �� ��, �� � �
�� ������ ��� �� ���� ����

�� �� ����� ����� ���, ���,
���	��, ���, �
�� � ���� ���
��� ��� �� �� ����� �����. �

� ��� � ���� ��� �� ���� ��
� ����� �� ��� ����� ��� ��

��� � ���� ����� ���. ���� �
���� �� �� ��� �� �� �� ���

�� ��� �� ��� ��� �� ��, ���
�� ����� ����� ���� ��� ��
���� ����� ���(�� �, 1998).

���� ����� ������ ��� 	�
�� � ����	 �� ��� ��� �� �

��� ���� ��� �� �� ������
���� �� �� � ���, ����, ��, �

��� �� �� ��� ��� ���� �� �
��� ���� ��� �� ���.
����� ���� ������ ��� ��

���(Taguchi method)� ���� �� ����
� 80�� � ��� ��� �� ��� �	��

���	 ���� ��� ����� ��� ��
� ��� ������ �� ��� ���� �
�. ��� ���� ����� �� ���� 

	� ��� ��� �
�	 � � �� ����
� ���� � ���� �� �� ���� ��

�� ���� ���� �� ���(six sigma)�
�� ��� ���� �� ���� ��� ��

�	�� �� �� ��� �� �� 
�.
��� � ��� ��� ����� ����
���� ������ ������� ���, �

� �� ���� ����� ����� ���
��	�, ����, ���� �� ����, ��

� ��, ��� ��, �� �� ��� ����
��� ��� �����.

�� � ��

����

� ���� ��� �� ���� ������

���� �� ����� ���� �� ���

��� ���� ��� ���� �� � ���
�� �� ����. ������ ������ �
���� ���� � �� ���� 5	 ���

�� �(10 mesh)� ���� 5 �� ��� � �
�� �� � � ��� �� 
��� ����,

�� ���� �����.

���� ��� ����
�� ����� ���� ����� �� ��
�� ���� 
� ��	� 98oC, 3��, 1.3 	�

� ���� ��. � ����� �� �� ���
� ��� �� �� ��� ��� ��� 
�

� ��� ��, ����� �� ��� �����.
�� ��� �� ��� ���� ����,
��	�, ���� �� ����� ���� �

�� �����, ���� ��� ��� ���
�� ����� ���� �� ��� �����

� �����. ����� Table 1� � ���
�(2, 3, 4 hr), ��	�(80, 98, 121oC), �� ��

� �	� �� ���(1.3, 2.0, 2.7 	�)�� ��
��� ������ ����, ��� ��, ��
� ��, �� ���� �����.

����

������ ��� ���� �� �� ���
� �	�� ���� �� Table 1� � ���
��� Fig. 1� � ������ ���� ��

���. ��� �� � 80±1oC � 98±1oC���
Soxhlet heater(���	��)� ������ 121±
1oC�� Autoclave(����	��)� �����.
�� ���� ���� ��� �� ��� 1.3,

2.0, 2.7 	�, ���� 2, 3, 4 hr, ��	� 80±
1oC, 98±1oC, 121±1oC�� ��� ��� �
 �
��� ����� ���.

Table 1. Levels of extraction conditions in Taguchi experi-
mental design

Ai Bi Ci

A1 80 B1 2 C1 1.3
A2 98 B2 3 C2 2
A3 121 B3 4 C3 2.7

Ai: Extraction temperature(oC), Bi: Extraction time(hr), Ci:
Addition of water(times), i: Level.
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����

� ��� ��� ���� ��� � ��� �

�� AOAC�(1995)� �� ��� �� ���, �
���� Semimicro Kjeldahl�, ���� Soxhlet�

� ���� �����.

��

� ��� ���� �� ��� ���� ��
�� ��� �����(MF-300, ��)� ����

3,500 rpm�� 30� �� �� �� � ����
���(Whatman No. 6, England)� �� � inductively

coupled plasma spectrophotometer(ICP, Spectro
Flame, FTMOA86C, Germany) ���� 317.93 nm

�� �����.

��� ���
� ��� ���� ��� ��� ��� ��
� ���� ��� 105oC ����� ��� ��

�� ��� ��� ���� ��� ��� ��

� ���� �� ����� ��� ��� ��
���.

��

� ��� ���� ��� ���� �� ��

�� ��� ��� ���� �(1)� ��� ��
���.

(1)

���� 
����� ��� ��� 1.3���� ����
� 98oC �� ���� 4���� 30� ����

��� ��� ��� ��(St)� ��� ��(Pt)�
�� 98oC� ���� � �� ��� ��� ��

� ��(S0)� ��� ��(P0)�� �� ����
����� 1� �� ������ ���� ��
�� ��(extraction rate constant, k)� �����.

����� ���� ��� ��� �����
��� 1� �	��� ����,

(2)

���� t0�� t� ���� �� ���� �
�� ��� ��� S0�� St� ���� ����

�(1)� ����,

(3)

(4)

(5)

St: solid in extract at time t

So: solid in extract at initial time
k: extraction rate constant(hr-1) 
t: extraction time(hr)

��� ����
��� ������� ��� �� ��� ��
�� ‘��� ��� ���� ��� �
���

Yield(%) =
Weight of water-Soluble solid

× 100
Weight of raw material

dS
dt
------ kS=

dS
S

------ kdt=

1
S
--- Sd

So

St∫ k td
0

t∫=

ln
St
So
------ kt=

Fig. 1. The hot-water extraction procedure of cod by-
product.
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��� ��� 	�� � ��’(���, 2001)��

���� ��� ���� ������ ����
������� ��� ��� ����� 	��
�����. ����� ��� ���� ����,

� ����� �
�� ���� SN�(signal-to-
noise ratio)� ���� �� ��� �����

���� ��(���, 2000)� �����.
SN�� ���� ���� ���� �� ��
�� ��� ������ ������ ����

��� �� ���� ��� ��� 
� ���
���� �� ���� ���� ����� ��

��� ������ ����� �����.

SN�(signal-to-noise ratio)
SN�� ��(signal)� ��(noise)� ��� �	
�� ���, ����� �� ��� �� ���

�� ���� ����, � ���� �� SN��
�(6)� �.

  

(6)

SN� �� �� ��� �� ��� ��� �

����. ����� SN�� ���� ����
(nominal the better characteristics), ����(smaller

the better characteristics)� ����(larger the better
characteristics)�� ��� ����(loss function)�
SN�� ���� Table 2� �. � ���� �

����� �� �� ��, ��� ��, ���
��, �� ��� ��� �� �� ������

����� �����. 

�����

�� �� �� �	� � �� ���� �
�� ��
�� ���, ��� ��
�� ��
� ��
�� �� ��� �� ����� ��

��� �� � � ��� ���� ��(principle
of orthogonal)� ���� �� ��� �����,

���, ��� �� ��� �� � � ��. ��
������ ����� ��� �� �� ���
�� 	�� ���� �� ��� ����� �

�� ��� �
 ��� ���� � ���� �
�� ��� ���� ��. � ���� ��� �

����� 3� ��� �� 3���� ��� �
�� L9(3

3) ������ �����(Table 6).

�� � ��

������ ���� � ��
��� ��� ������ ���� � ��

��
 Table 3� �� �� 71.74%, ��� 16.63
%, ��� 0.52%, ��� 6.86% � �� 2.02%�

�. ��� ��� ������ �� ��� ��
� ���� ���, ���, ���� ��� ��
� �(1998)� ��� ���� �� ��� Table

4� �����. ���� ��� ���� ���

SN �=
��� �

=
���� ��� ���

=
µ2

��� � ��� ��� σ2

 
Table 2. Classification of quality characteristics

Loss functions SN ratio

Nominal the characteristics

Larger the better characteristics

Smaller the better characteristics

L(y): ����, m: ����� ���, y: �� ���, A: ����, �: ����

L y( ) A

∆2
------ y m–( )2

= SN 10 (y)
2 V

n
--- )– V⁄ 

 log=

L y( ) A∆2 1

y2
-----= SN -10

1
n
--- yi

2

i 1=

n

∑
 
 
 
 

log=

L y( ) A

∆2
------y

2
= SN -10

1
n
--- 1

yi
2

-----
i 1=

n

∑
 
 
 
 

log=

Table 3. Proximate composition and calcium contents of
cod by-product

Composition Contents(%)

Moisture 71.74
Crude protein 16.63
Crude fat 0.52
Crude ash 6.86
Calcium 2.02
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�� ��� ������ ��� ��� ����
� ��� ��� 20%, ��� �� 1% �� �

� ���� ����� ��� ��� 38%�� �
� �����. �� ���� ��� �� �� �

� ��� 38.1%��� ������ �� ���
�� �� ����� 29.5%� � 9%�� ���.

��� �� ���� ��
�� ���� ���� �� �� ��� ��

�� ��� ��� ��� 1.3 ��, 98oC ���
��� 30� ���� 4�� �� ��� ���

��� ��� ��� �� � ���� ��� �

����(Table 5, 6).

����� �� ���� ��� ��� ���
��� ��� ��� ������� �� ���
�. Figs. 2, 3� ����� �� ��� ��� �

�� ��� ��� ��� ��� �� �� ��
�� �� ��� ����� ���� �����

�(k)� ���� ��� ������ � ���
������ ��� ��� ��� ���� ��
� 0.057 hr-1�� 0.137 hr-1� 2� �� �����

�, ��� ��� ���� ��� 0.101 hr-1��

0.133 hr-1 � 1.3� �� �����. 

��� ������ ����� ��� 	��
�� 
��� ����� ����� ��� �

(2000)� ��� 	� ������ 	���� 

��� ��� 	� �� ���� ��� �� �
���� 
���� ����� ��� ��� �

����.

����

��� ����� �� ������ ����

�� �� � ���� ��, ���, ���, ��

Table 4. Comparison of composition of cod bon and cod
by-product(d.b.)

Composition(%) Cod bones Cod by-product

Crude protein 38.8 58.8
Crude fat 0.5 1.8
Crude ash 62.6 24.2
Calcium1) 38.1 29.5

1)Based on crude ash content

  
Table 5. Comparison of solubles for chopped and unchopped cod by-product

Time(hr)
Soluble solid(%) Crude protein(%) Ln(St/S1

1)) Ln(St/S2
2)) Ln(St/P1

3)) Ln(St/P2
4))

Un- chopped Chopped Un- chopped Chopped Un-chopped Chopped Un-chopped Chopped

0 1.87 2.16 1.69 2.02 0 0 0 0
0.5 2.15 2.52 1.7 2.49 0.140 0.155 0.006 0.207 
1 2.23 2.83 1.74 2.61 0.176 0.269 0.029 0.257 

1.5 2.35 3.04 1.85 2.89 0.229 0.343 0.091 0.359 
2 2.43 3.72 1.99 3.49 0.262 0.542 0.163 0.546 
3 2.53 3.83 2.17 3.63 0.302 0.573 0.250 0.586 
4 2.63 4.05 2.39 3.85 0.341 0.630 0.347 0.646 

1)Soluble solid of unchopped 2)Soluble solid of chopped 3)Crude protein of unchopped 4)Crude protein of chopped 

Table 6. Experimental data on Taguchi design for hot-water extraction of cod by-product

Exp No.
Temp.
(oC)

Time
(hr)

Water
(times)

Yield
(%)

Crude protein
(mg/g)

Crude ash
(mg/g)

Calcium
(µg/g)

1 80 2 1.3 4.04 33.77 2.47 25.15
2 80 3 2.0 4.49 39.70 2.91 26.60
3 80 4 2.7 4.52 37.90 3.23 37.04
4 98 2 2.0 5.37 45.01 3.01 32.09
5 98 3 2.7 5.42 48.85 3.15 28.29
6 98 4 1.3 5.35 50.87 2.63 15.15
7 121 2 2.7 7.25 66.94 3.31 25.17
8 121 3 1.3 7.00 65.53 2.83 16.77
9 121 4 2.0 8.65 80.97 3.41 31.46
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��� Table 6� �����. 

��� ��� �� ��  ���� SN��

� ����  ��� SN�� � �� 
� �

� ��(Delta �) � �� �� ����� 	�
� ��� ��(Rank �)� Table 7� �����.
��� �� SN�� ���� �� ��
�(P

<0.01)� ����� �� ��� ���� �
���, ���(P>0.1)� ����� ���� �

�� 	��. ��� � ��� ��� Fig. 4��
A�(��
�)� ��� �� 	�� ��� B,

C�(����, ���)� ��� 	�� �� �
��. ��� ��� SN�� �� �� ��� �
�� A3B3C2�� � � ���. � ��
� 121oC,

���� 4 hr, ��� 2��� ��� �� ��
��� �� ����� ������ ����.

��� �� �� 
��� ��� ��� �� ��� � ����

SN�� � ���� � ���� SN�� � ��
�� �� �� � ����� ��� ��� ��

� �	� Table 8� �����. 

Fig. 2. Relationship between extraction time and lnSt/So.
S1: Soluble solid of unchopped cod by-product, S2: Soluble
solid of chopped cod by-product

Fig. 3. Relationship between extraction time and lnPt/Po.
P1: Crude protein of unchopped cod by-product, P2: Crude
protein of chopped cod by-product

Table 7. Response for signal to noise ratios on yield of
extracts

Level A B C

1 12.7584 14.6446 14.5322
2 14.6155 14.8756 15.4616
3 17.6163 15.4701 14.9965

Delta1) 4.8579 0.8254 0.9294
Rank2) 1 3 2 

A: Extraction temperature(oC), B: Extraction time(hr), C: Addi-
tion of water(times)
1)Difference between high SN and low SN ratios
2)Rank of the influenced factor about response variable

Fig. 4. Signal to noise(S/N) ratios of main effects of extraction time and temperature and addition of water on yield of extracts. 
Ai: Extraction temperature(oC), Bi : Extraction time(hr), Ci : Addition of water(times), i: Level
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��� ��� �� SN�� ���� �� ��

��(P<0.05)� ���
� �� ���� ����
� ����, ���(P>0.1)� ���
� ����
�� �� ���. ��� � ��� ��� Fig. 4

�� A��(����)� ��� ��� �� ��
� ��� B, C��(����, ���)� ��� �

�� ��� �� ���. ������ SN�� �
� �� ��� ��� A3B3C2�� � � ��.

� ���� 121oC, ���� 4 hr, ��� 2 ��
� ��� ��� �� ����� �� ����
� ����
� ����.

��� �� ��
��� ��� ��� �� ��� � ����

SN�� � ���� � ���� SN�� � ��
�� �� �� � ����� ��� ��� ��

� �	� Table 9� �����. 
��� ��� �� SN�� ���� �� ��

�(P<0.05)� ���
� ���� �� ��� �

���(P<0.1)� ���
� �� ���� ��

� �� ��
� ����(P>0.1)� ���� ��
�� ���. ��� � ��� ��� Fig. 6��

C��(���)� ��� ��� �� ��� ��
� A��(����)� ��� ��� ��� �.

��� B��(����)� 	� �� ��� ��
��� ��� ��� �� ���. ������

SN�� �� �� ��� ��� A3B3C3�� �
� ��. � ���� 121oC, ���� 4 hr, �
�� 2.7 ��� ��� ��� �� ����� �

� ����� ����
� ����. 

�� �� ��
��� ��� �� ��� � ���� SN��
� ���� � ���� SN�� � �� �� �

� �� � ����� ��� ��� ��� �	
� Table 10� �����.

Table 8. Response for signal to noise ratios on crude
protein in extracts

Level A B C

1 31.3731 33.3835 33.6762
2 33.6576 34.0276 34.4028
3 37.0030 34.6228 33.9546

Delta1) 5.6299 1.2393 0.72266
Rank2) 1 2 3 

A: Extraction temperature(oC), B: Extraction time(hr), C:
Addition of water(times)
1)Difference between high SN and low SN ratios
2)Rank of the influenced factor about response variable

Fig. 5. Signal to noise(S/N) ratios of main effects of extraction time and temperature, and addition of water on crude
protein in extracts. 
Ai: Extraction temperature(oC), Bi : Extraction time(hr), Ci : Addition of water(times), i: Level

 
Table 9. Response for signal to noise ratios on crude ash
in extracts

Level A B C

1 9.1053 9.27394 8.4296
2 9.3122 9.42660 9.8348
3 10.0291 9.74608 10.1823

Delta1) 0.9238 0.47214 1.7527
Rank2) 2 3 1

A: Extraction temperature(oC), B: Extraction time(hr), C:
Addition of water(times)
1)Difference between high SN and low SN ratios
2)Rank of the influenced factor about response variable
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�� ��� �� SN�� ���� �� ���

�, ����, ���(P>0.1)� ���
� ����
��� �� �� ���. ��� � ��� ��
� Fig. 7�� C��(���)� ����� �� �

�� ��� 1��(1.3 ��)� 2, 3��(2.0, 2.7 �
�)� �� ��� ��� � A, B��(����,

����)� �� ��� ���. ������ SN

�� �� �� ��� ��� A1B1C2�� � �

�. � ���� 80oC, ���� 2 hr, ��� 2
��� �� ��� �� ����� �� ���
�� ����
� ����.

�� ��� ��
������ �� ��� ��� Table 11� �
����. ��� ����� ����� A3B3C2(�
��� 121oC, ���� 4 hr, ��� 2 ��)� �

����� SN�� ����(���� 98oC, ��
�� 3hr, ��� 1.3��)�� 4.53�� ��� 



� ����
� ��� ��� ����� ��
��� A3B3C2(���� 121oC, ���� 4 hr, �

�� 2��)� ������ SN�� ������
4.67�� ��� 

� �����.
��� ��� ����� ����� A3B3C3,(�

��� 121oC, ���� 4 hr, ��� 2.7��)� �
���� SN�� ������ 2.79�� �� 
�

� ���� �� ��� ����� �����

Fig. 6. Signal to noise(S/N) ratios of main effects of extraction time and temperature, and addition of water on crude ash
in extracts. 
Ai: Extraction temperature(oC), Bi : Extraction time(hr), Ci : Addition of water(times), i: Level

Table 10. Response for signal to noise ratios on calcium in
extracts

Level A B C

1 29.2939 28.7186 25.3699
2 27.5894 27.3403 29.5267
3 27.4878 28.3123 29.4746

Delta1) 1.8061 1.3783 4.1568
Rank2) 2 3 1

A: Extract temperature(oC), B: Extract time(hr), C: Addition of
water(times)
1)Difference between high SN and low SN ratios
2)Rank of the influenced factor about response variable

Fig. 7. Signal to noise(S/N) ratios of main effects of extraction time and temperature, and addition of water on calcium
in extracts.
Ai: Extraction temperature(oC), Bi : Extraction time(hr), Ci : Addition of water(times), i: Level
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A1B1C2(���� 80oC, ���� 4 hr, ��� 2 �

�)� ������ SN�� ������ 7.24��
��� 

� �����.

� �

����� �� ����� ����� 	��
	� ��� �� ����� ��� ��� ��

�� ��� ����� ��� �
�� ����
�� 3�� 3�� � ����(80oC, 98oC, 121oC),

����(2, 3, 4 hr) ���(1.3, 2.0, 2.7 ��)
�
���� ����� ����, ��� ��, ��

� ��, �� �� �
� ������. �� �
���� ������ �
� ��� ��� ��
� ��� ���� ��(k)� ��� �� ���

����� �
� ��� ��� ���� ���
0.137 hr-1� ��� �� ���� �� 0.133 hr-1

��� ���� ������ 	� �� 0.057 hr-1

� 0.101 hr-1���. ��� ����� 	� ��
� ����� �� �
� ��� ��� ���

�� 2 � ��, ��� �� ����� 1.3 � �
����.

����� �� ����� ����� ���
�� A3B3C2(���� 121oC, ���� 4 hr, ��

� 2 ��)� ����, ��� ��� �����
����� A3B3C2(���� 121oC, ���� 4 hr,
��� 2 ��)� ������. ��� ��� �

���� ����� A3B3C3(���� 121oC, ��

�� 4 hr, ��� 2.7 ��)� ����� �� �
�� ����� ����� A1B1C2(���� 80oC,

���� 4 hr, ��� 2 ��), ���
� ���
�.
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Table 11. Optimum response variables by Taguchi analysis for hot-water extraction for cod by-product

Optimum conditions Current S/N ratio Predicted S/N ratio Improvement Significant factor

Yield(%) A3B3C2 14.03 18.56 4.53 Extraction temperature
Crude protein(mg/g) A3B3C2 33.34 38.01 4.67 Extraction temperature
Crude ash(mg/g) A3B3C3 8.20 10.99 2.79 Addition of water
Calcium(ug/g) A1B1C2 24.05 31.29 7.24 Addition of water

Ai: Extraction temperature(oC), Bi: Extraction time(hr), Ci: Addition of water(times), i: Level


