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Optimization of the Bone-softening and Fishy Odor-reducing Processing
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This study optimized the bone-softening and fishy odor-reducing process for mackerel Scomber japonicus products
using response surface methodology (RSM). The RSM showed that the optimum concentrations of doenjang and
citric acid for reducing the fishy odor in bone-softened mackerel were 11.8% and 0.04%, respectively, and the op-
timum immersion time was 52.2 min. The estimated overall acceptance, salinity, and acidity of the products under
these optimum conditions were 7.7 points, 1.1%, and 202.6 mg/100 g, respectively, which were similar to the actual
measured values of 7.6+1.2 points, 1.0+£0.1% and 203.2+3.8 mg/100 g. Moreover, the heating temperature and time
for bone-softening based on RSM were 107.3°C and 4.4 h, respectively. The estimated hardness and proportion of
skin removed from the product under the optimal conditions were 161.5 g/cm? and 0.09%, respectively, which were
also similar to the actual measured values of 171.1+12.6 g/cm? and 0.104+0.02%. The optimum bone-softening and
fishy odor-reducing process for mackerel consisted of the following steps: thawing (< 10C, 8 h), filleting, washing/
dewatering, immersing in an 11.8% doenjang -0.04% citric acid solution for 52 min, washing/dewatering, heating
(107.37C, 4.4 h), freezing, depanning, internal and external packaging, and X-ray detection treatment.
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Table 1. Symbol, experimental range and values of the independent variables in the central composite design for preparing fishy odor-

reduced mackerel Scomber japonicus

Range level
Purpose Independent Symbol
-1.682 -1 0 +1 +1.682
Doenjang (%) X, 1.3 4 8 12 14.7
Fishy odor-reducing  Citric acid (%) X, 0.01 0.05 0.10 0.15 0.19
Soaking time (min) X, 9.5 30 60 90 110.5
Range level
Purpose Independent Symbol
-1.414 -1 0 +1 +1.414
) . Heating temperature (°C) X, 83 97 107 117 121
Fish bone-softening T
Heating time (h) X 22 3.0 5.0 7.0 7.8
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Table 2. Central composite design of dependent variables and
responses of independent variables for process optimization of
fishy odor-reduced mackerel Scomber japonicus, and overall ac-
ceptance, salinity and total acidity of fishy odor-reduced mackerel
Scomber japonicus prepared under the conditions

Independent variable’ Response variable?

Run no. X X, X, Y, v, Y,

1 4 0.05 30 50 077 1877
2 12 0.05 30 75 109 2145
3 4 0.19 30 62 078 4790
4 12 0.19 30 7.1 1.09 5385
5 4 0.05 90 70 094 2571
6 12 0.05 90 8.1 116 3094
7 4 0.19 90 57 09 5202
9 1.3 0.10 60 55 076 3385
10 14.7 010 60 87 120 3587
1 8 0.01 60 62 099 1658
12 8 0.19 60 57 101 6944
13 8 0.10 9.5 50 084 2434
15 8 0.10 60 74  1.00 2988
16 8 0.10 60 73 1.01 3082

17 8 0.10 60 8.3 1.00 302.7

' X, (Doenjang concentration, %), X, (citric acid concentration, %),
X, (soaking time, min). *Y, (overall acceptance, score), Y, (salin-
ity, %), Y, (acidity, mg/100 g).
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Table 3. Central composite design of reduced variables and respons-
es of dependent variables for processing fishy odor-reduced and
bone-softened mackerel Scomber japonicus, and cutting strength
and deskinning degree of fishy odor-reduced and bone-softened
mackerel Scomber japonicus prepared under the conditions

Independent variable' Response variable?

Run no. X X, y Y,

1 97 3.0 2,676 0.02

2 117 3.0 48 0.82

3 97 7.0 964 0.75
4N T % 113
5 83 5.0 2,764 0.24

6 121 5.0 44 1.45

7 107 2.2 608 0.00

8 .. 07 T8 40 104
9 107 5.0 78 0.16

10 107 5.0 84 0.17

1 107 5.0 76 0.16

'X, (heating temperature, C), X, (heating time, h). *Y, (cutting
strength, g/em?), Y, (deskining degree, %).
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Fig. 1. pH and volatile basic nitrogen (VBN) content of mackerel
Scomber japonicus soaked in various additive solutions (100%
white wine, 1% doenjang, 0.1% curry powder, 0.1% citric acid).
'Different letters on the data of the same experimental item indi-
cate a significant difference at P<0.05.
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Table 4. Sensory score on fishy odor reduction of mackerel Scomber japonicus soaked in various additive solutions and unit price of addi-

tive solutions

Solutions Water White wine Doenjang Curry powder Citric acid
Concentration (%) - 100 1 0.1 0.1
Sensory score 5.0£0.02 5.8+0.5° 7.240.5° 6.0+0.4° 8.240.8°
Unit price (won/L) - 5,800 14 4 2
'Different letters on the data of the same row indicate a significant difference at P<0.05.

Table 5. Response surface model for process optimization of fishy odor-reduced mackerel Scomber japonicus

Responses' Quadratic polynomial model equations? R? P-value
Y, 7.313+0.768X,+0.341X,-0.418.X,2-0.400X;2-0.488 X X, 0.810 0.005
Y, 1.004+0.131X,+0.081X, 0.945 0.000
Y, 302.94+147.52X +41.05X +45.86.X 2 0.965 0.000

'Y, (overall acceptance, score), Y, (salinity, %), Y, (acidity, mg/100 g). *X| (Doenjang concentration, %), X, (citric acid concentration, %),

X, (soaking time, min).
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Fig. 2. Three dimensional response surface plot for processing optimization of fishy odor-reduced mackerel Scomber japonicus based on Y

(the overall acceptance, score), Y, (salinity, %) and Y, (acidity, mg/100 g). ' X, (Doenjang concentration, %), X, (citric acid concentration,

%), X, (soaking time, min).
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Fig. 3. Three dimensional response surface plots for processing fishy odor-reduced and bone-softened mackerel Scomber japonicus based

on Y| (cutting strength (g/cm?) and Y, (deskining degree, %). 'X, (heating temperature, ), X, (heating time, h).

oot 2 9iet. A G AMHEE(AN), 1% B §, 0.1% 715 ety
HIRI A7 8hE 4% A0 Tohe LAZE B AN AR W 0.1% T SN0 I ofo] thet s vl At
T5o1o] HlRit) Hgeh Yol ik BEUAL AUE Tabled  HEE wlwely] R hR TR AAg S, BHE 71EH

of 7t} 5o} WA YO AFET Bl 5 FEA4F T S0HOR al9ich WX Sele] FRo| e n5ojo] T

Table 6. Analysis of variance (ANOVA) for response of dependent variables (Y, and Y)) for process optimization of fishy odor-reduced

mackerel Scomber japonicus

Independent! Sources DF SS MS F-value P-value
Model 9 16.4846 1.83162 8.56 0.005
Linear 3 10.3597 3.45324 16.14 0.002
Square 3 3.3111 1.10371 5.16 0.034
y Interaction 3 2.8138 0.93792 4.38 0.049
! Residual 7 1.4978 0.21396
Lack of fit 5 1.4911 0.29822 89.47 0.011
Pure error 2 0.0067 0.00333
Total 16 17.9824
Model 9 0.333281 0.037031 31.74 0.000
Linear 3 0.325495 0.108498 93.00 0.000
Square 3 0.002148 0.000716 0.61 0.627
v Interaction 3 0.005638 0.001879 1.61 0.271
2 Residual 7 0.008166 0.001167
Lack of fit 5 0.008100 0.001620 48.60 0.020
Pure error 2 0.00067 0.000033
Total 16 0.341447
Model 9 348701 38745 49.84 0.000
Linear 3 323423 107808 138.69 0.000
Square 3 23866 7955 10.23 0.006
Y Interaction 3 1412 471 0.61 0.632
: Residual 7 5441 777
Lack of fit 5 5397 1079 48.39 0.020
Pure error 2 45 22
Total 16 354142

'Y, (overall acceptance, score), Y, (salinity, %), Y (acidity, mg/100 g). DF, Degrees of freedom; SS, Sum of square; MS, Mean square.
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Table 7. Optimal conditions predicted for preparing fishy odor-reduced mackerel Scomber japonicus obtained by MINITAB program

Dependent variables? Value X! X, X,
Target 9.0 -1.68 1.68 9.0 9.0
L | ——
Y, Coded 1.68 o -1.68 1.1
Actual 147 30 0.02 93.0
Target 1.1 1.1 1.1
Y, Coded 0.0 0.0 1.09
Actual 8.0 0.10 92.7
168 0 168
Target 199.8 199.8  sa00 '—‘4/ 199.8 168 0 168
840.0 840.0
Y, Coded 0.0 053 %00 -1.68
480004 AL 4300
120.0
Actual 8.0 120.0 0.07 9.0 120.0
Coded 0.95 -1.28 -0.26
Multiple Actual 1.8 0.04 522

response optimization
Predicted

Y,, 7.7 score; Y, 1.1%; Y,, 202.6 mg/100 g.

'X| (Doenjang concentration, %), X, (citric acid concentration, %), X, (soaking time, min). *Y, (overall acceptance, score), Y, (salinity, %),

Y, (acidity, mg/100 g).
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+1.68712] A 2] UA5HA A = ik T3k, M A} a5 7t
TEO AE(Y)E X9 79 -1.6804] +1.680% o] FE4
5 ots] S7lehe Aake vEh S, X oF X o] - -1.68
oflA] +1.68 0.2 o] 5 8= F7oh= A UEfi gl o, 1
A= X 71 X ol vste] 524 81A ko] 7 91Tt

o) & AT} E o]85}o] MINITAB £74 =2 13 9] RSREG
£ 5ot TR R, % W T4 RS R4 F
2] 5244 (P<0.05) arefsto] 7H4 A © 2 JERH Table 5

Table 8. Predicted and experimental data on the dependent vari-
ables (sensory evaluation, salinity and acidity) of fishy odor-
reduced mackerel Scomber japonicus under processing optimal

conditions

Dependent variables Predicted value Exps;ilrﬂgntal
Y, (Sensory evaluation, score) 7.7 7.61£1.2

Y, (Salinity, %) 1.1 1.0£0.1

Y, (Acidity, mg/100 g) 202.6 203.2+3.8

o} Zth. ANOVAREA 0 2 Al v & #|7h3kst ) A3}

o 7o tist H-8-m g A A 9] P value (Table 6)=
[FHE et 7| 2w 9] ¢ LAk, ol 9 Akt
] ZH2F 0.002, 0.034 2 0.0498 A 25.0] 30|, Amo] AL
Axpgto], FAE= O] 79 dAfet B o]xgko] 2+ 0.000 2
0.0062 = F-2]/d o] QI = et v W& A2}t w 13} 11
ol 7Y TR E, A% W FAREof gt g
#4] melo] 5h4 o] -8 el 15 o] 2% (lack of it
test)] P value= 212} 0.011, 0.020 2 0.0202 L+eF o] 0.05
sc} wol AAE wao] el gk A0R tetont, 7
AAGRY)7} ZH2F0.810, 0.945 2 0.9652 =01 model ZHo]
7}7F 0,005, 0.000 2 0.0002.2 0,055t} wrol 2315t Ao
LFEFTHZhou and Regenstein, 2004).

ghd, vl E A7eket W A3} 150 7HEE HY s
ef AL =S TefstA| A st v A A A=A A
25k A5 BlRivl= i E L AH AR TRegh At B Al
Rl v B p b SR M R = Bt I B s e e
= esto] HI-WE A73lket W A3} 1150] 7hae AR

=

[*]
N

o
J

Table 9. Optimum response surface model for processing fishy odor-reduced and bone-softened mackerel Scomber japonicus

Responses' Quadratic polynomial model equations? R? P-value
Y, -925.3X,-315.9X,+679.1X2+425.0X X, 0.977 0.000
Y, 0.167 +0.361X, +0.314.X, +0.340X > +178.X ? 0.955 0.000

2
'Y, (cutting strength, g/cm?), Y, (deskining degree, %) >X, (heating temperature, C), X, (heating time, h).

Table 10. Analysis of variance (ANOVA) for response of dependent variables for processing fishy odor-reduced and bone-softened mackerel

Scomber japonicus
Independent’ Sources DF SS MS F-value P-value
Model 5 10997714 2199543 87.60 0.000
Linear 2 7648312 3824156 152.31 0.000
Square 2 2626902 1313451 52.31 0.000
Interaction 1 722500 722500 28.78 0.003
i Residual 5 125540 25108
Lack of fit 3 125506 41835 2413.57 0.000
Pure error 2 25 17
Total 10 11123255
Model 5 2.56785 0.513571 43.86 0.000
Linear 2 1.83288 0.916441 78.27 0.000
Square 2 0.69087 0.345435 29.50 0.002
y Interaction 1 0.04410 0.044100 3.77 0.110
: Residual 5 0.05855 0.011709
Lack of fit 3 0.05848 0.019494 584.81 0.002
Pure error 2 0.00007 0.000033
Total 10 2.62640

'Y (cutting strength, g/cm?), Y, (deskining degree, %). DF, Degrees of freedom; SS, Sum of square; MS, Mean square.
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£ 55 HH2AE 5T 5422 MINITAB 54 2
2IAWE ot L, ol vIHE A7seh W ¢35t 1150
TFEZ O A 28 95} target EY WL 57| 5w 0 Ao 2
H7H9.07), A=} A=) 749 I GH(AZE 1.1% H 199.8
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sto] Ao Eueo] A2 o ZA|E Table 79 Y9l
o} vl A w A} 5ol 7HEY SIS, 9%
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12] A|7H2- 77} 11.8%, 0.04%, 52.22-0]19)31, 0|5 & =4
283t vl Azt w A3t 150 7] TS,
| Akt o) o 2712 742 7.77, 1.1% 9 202.6 mg/100 g
, AZ71e 7471 7,67, 1.0%, 203.2 mg/100 g© & o

A Sk 7kel ZFo] 7} Gl tH(Table 8).
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| Frozen fish (mackerel)

- Semi-thawing

- Removing head, viscera and washing/dewatering

| Dressed fish (mackerel)

- Soaking in 11.8% doenjang-0.04% citric acid solution for 52 min
- Washing/dewatering

- Heating at 107.3°C for 4.4 hours/Cooling

- Freezing

- Depanning

- Inner bag-packing

- Outer bag-packing

| Fishy odor-reduced and bone-softened mackerel

Fig. 4. Flowchart for preparing fishy odor-reduced and bone-soft-
ened mackerel Scomber japonicus.

A& FYstaat A wel 742w g 83-121C
oz J1AA| 7S 2.2-7.8A17F Mol stHA| = Baslslqin)
(Table 1). 0]o1A o] & BT} & 115L9] A|RF-Z AA 5}, o] &
TLZFQIA © 7 A| %5t TFE o] 5o tjslo] £ W49l o] Fm

o LTL]

Table 11. Optimal conditions predicted for processing fishy odor-reduced and bone-softened mackerel Scomber japonicus obtained by

MINITAB program

Dependent variables? Value X X,
Target 50 50

Y, Coded -0.29 1.41
Actual 104.1 7.8
Target 0.0 0.0

Y, Coded -1.20 -0.69
Actual 95 3.6

. Coded 0.03

Multiple Actual 107.3

response optimization
Predicted Y., 161.5; Y,, 0.09.

'X| (heating temperature, “C), X, (heating time, h). ?Y| (cutting strength, g/cm?). Y, (deskining degree, %).



508 R

Table 12. Predicted and experimental data on the dependent vari-
ables (sensory evaluation, salinity and acidity) of fishy odor-re-
duced and bone-softened mackerel Scomber japonicus under pro-
cessing optimal conditions

Dependent variables Predicted value Experimental value

Y, (cutting strength, g/cm?) 161.5 171.1£12.6
Y, (deskining degree, %) 0.09 0.10+0.2
9]

3t A= Table 33} . o] 5 F&Hf Hieh 359 SH™
A% 7+e] BAIE maple softwareS ARE-5F0] Z127F 32 2
2 T 21315191 tH(Fig. 3.).

W Ie} 150] 7ol A=Y= X, (HE2=)9] 4
- -LAI2HE 0252 o] g e g 23] szt ol %
+HLAHA] S7Veke B Ee eI laL, X, (FEAIRH S 785
-LAIZRE +1417H7] o] s 85 dashe 432 UEhl gl
o 2]al w g} a5o] 7kl ol v EE (Y )= X 2
1 4104 -0.68 0. o] 3t 2 AT +1.4174]
ALH 2 G245 S78h= A= UEr Sl

olg9 ZAIAE o|g3te] MINITAB §74 Z=2I139]
RSREGE T-&6}0] of i A7, algof 9] ghef e
O HRSRFYAA F F FA4(P<0.05)= =3t 1+
20 2 UehfH Table 92} Zth. ANOVARA] O &2 Al & i
As} 3501 7hs-Eoll thigt W24 2] P value (Table
10)= 2250f ) ABFE a2t of 7 w A= o] A9 U3}
&}, 0|2kt 9 wAFgFo] 242} 0.000, 0.000 2 0.00320.2 A &
o] @ol, ofu] HEre] o 7 dAR Y o]2kete] 0.000
3 0.0022 f2}/d o] 17 (P<0.05)= 3Tt W Ao} 3150f 715
=9 ol Fw A, ofu] Fehe| Ao tigh WA
A WLel o) 2ghy o 75 Ut A Ao 1452 Pvalue=
7}710.000, 00028 Lt} 0] 0.05:2 0 Yol A7) 5l mado] g
AokA] e A o= yepg o, 2AARY) 72420977 Y
0.9552 4 %5 model gfo] 5 0.000L.2 0.05E ¢} o}
2813t 71 0. 2 el TH(Zhou and Regenstein, 2004).

ohd, W A3} 5] 7S 7ML e E HestA #7 ot
A 7FAAZEE Ik A A ke - ol 9] Eeto] S7tst
v 7k @7teh BivbA o] A s SoE st AnjAt
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. Table 39] AR & o] gslHA o]e} 2 =21 A
= MINITAB §74 Z2I8& 55k 42 598
2|2 271 o &322 Table 110 UeYQITt. W s} 115
359 ol Hots RS0 gem?)d} ojF] B
TR 0%y BLF ST 5 Qe 7HEA ] 220 A
7174 107.3C % 4.4 AZto]lal, o] & A 20 A8
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