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Abstract

This study examined the reduction of fishy odor by treating sardines(Sardinops melamostictus) with citric
acid solution and the optimal blending ratio of chili oil for the preparation of canned sardine chili oil. The
viable cell count, volatile basic nitrogen(VBN), and trimethylamine(TMA) of sardines thawed in citric acid
solution decreased with increasing citric acid concentration. Sardines thawed in a 2% citric acid solution
and stored for 72hours showed that the viable cell count remained stable at 1.43-1.52log CFU/g until
24hours, while VBN and TMA levels increased after 24hours. The independent variables for the central
composite rotational design used in optimizing the sardine chili oil manufacturing process were chili oil(A),
smoked flavoring(B), and capsicum(C). Using response surface methodology(RSM), the optimal values of
the independent variables [X;=A/(B+C), X,=B/C] were determined based on volatile odor intensity(Y;),
amino acid nitrogen(Y,), and overall acceptance(Ys;) of canned sardine chili oil. These optimal values
corresponded to 98.0g of chili oil, 1.79g of smoked flavoring, and 0.21g of capsicum. When prepared with
the optimal ratio, the actual results were as follows: volatile odor intensity(VOI) of 370.7+7, amino acid
nitrogen of 201.2+5.2mg/100g and overall acceptance of 6.62+0.2 score. Based on these results, the optimal
blending ratio for sardine chili oil was confirmed.
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|
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[ Cooling |

[Fig. 1]

Processing steps of canned sardine

(Sardinops melamostictus) chilli oil.
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<Table 1> Changes in viable cell acount, VBN(volatile basic nitrogen) and TMA(trimethylamine) in
sardines thawed using concentration of citric acid solution

Viable cell count Volatile basic nitrogen Trimethylamine

log CFU/g (mg/100g) (mg/100g)

Control 3.66 12.55+0.00 0.93+0.80%
0.50% 3.34 12.57+0.0% 1.40+0.00°
1% 3.29 11.63£0.81% 0.00+0.00°
2% 1.52 10.72+0.81% 0.47+0.81%
3% 1.48 9.75+0.00° 0.00:£0.00°
5% 1.30 9.33+0.81° 0.00:£0.00°

Difference letters on the data in the column indicate a significant difference at P<0.05.
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[Fig. 2] Effect of storage time on viable cell
acount, VBN(volatile basic nitrogen) and
TMA(trimethylamine) in sardines thawed
using citric acid solution. Difference
letters within the same treatment indicate
significant differences among extraction
times at P<0.05.
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<Table 2> Central composite rotatable design of independent variables and response on dependent of chili

oil prepared under the conditions

Uncoded values

Dependent variables

Run no. X, X, A B C Y, Y, Y,
. 1 20.00 5.00 95.24 397 0.79 410 202.12 4.7
Fractional 2 68.90 5.00 98.57 119 024 380 198.50 58
factorial
design 3 20.00 15.00 95.24 446 030 430 199.67 52
4 68.90 15.00 98.57 134 0.09 369 191.50 54
5 9.88 10.00 90.81 836 084 440 207.91 35
, 6 79.02 10.00 98.75 1L14 011 370 196.77 50
Star point
7 44.45 2.93 97.80 164  0.56 390 200.18 6.1
8 44.45 17.07 97.80 208  0.12 400 194.46 6.4
9 44.45 10.00 97.80 200 020 382 206.17 6.7
Central point 10 44.45 10.00 97.80 200 020 379 205.80 6.8
11 44.45 10.00 97.80 200 020 375 206.70 6.7

X1, A/(B+C); X,, B/C; A, chili oil; B, liquid smoke; C, capsicum; Y;, VOI(volatile odor intensity); Y,, amino

acid nitrogen(mg/100g); Y3, overall acceptance, score.

(b)

Xy 1454 X,

[Fig. 3] Three-dimensional response surface plots for additives-mixing ratio optimization of chili oil
based on Y(VOI, volatile odor intensity), Y.(amino acid nitrogen, mg/100g), Ys(overall
acceptance, score). X;, A/(B+C); X,, B/C; A, chili oil; B, liquid smoke; C, capsicum.
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e Y, = 206.223 — 3.443.X, —2.192.X, —2.412X, X,
<Table 2>9] A2 Er]= MINITAB 74 = —4.922X,X, (R*=0.9333, P—uvalue=0.001)
2192 RSREGE FHHWFol dist datal, o] Y, = 6.7333+0.4277.X, — 1.2354X, X, —0.2354.X, X,
A 9 Akl 2k 39 WA AlFEd —0.2250X,X, (R*=0.9800, P—uvalue=0.000)
o159 #oAS FIg AP <Table 3> 7
of WS RN dAE, oA 2 wAakd 9 I WERFWAAE EdR SN
o el WA B AR X, ol pamg 7he] RS ANOVA(Analysis  of
A XXy, XoXo, WA XXt FAG variance)® AR Aub= <Table 4> LERJGICH

<Table 3> Estimated coefficients of the fitted quadratic polynomial equation for different response for
processing optimization of chili oil based on t-statistic

Y1 Y2 Y3
Coefficient P-value Coefficient P-value Coefficient P-value

Intercept 378.67 0.000 206.223 0.000 6.7333 0.000
X -23.75 0.000 -3.443 0.001 0.4277 0.000
X, 2.89 0.051 -2.192 0.007 0.0655 0.258
XXy 12.48 0.000 -2.412 0.009 -1.2354 0.000
XX, 7.48 0.003 -4.922 0.000 -0.2354 0.012
XXz -1.75 0.005 -1.137 0.163 -0.2250 0.027

X, A/(B+C); X,, B/C; A, chili oil; B, liquid smoke; C, capsicum; Y, volatile odor intensity(VOI); Yo,
amino acid nitrogen(mg/100g); Y3, overall acceptance, score.

<Table 4> Analysis of variance(ANOVA) for response of dependent variables

P-value
Dependent
Model Linear Quadratic Cross product Lack of fit
Y, 0.000 0.000 0.001 0.005 0.628
Y, 0.001 0.001 0.001 0.163 0.063
Y; 0.000 0.001 0.000 0.027 0.093

Y,, volatile odor intensity(VOI); Y,, amino acid nitrogen(mg/100g); Y3, overall acceptance, score.
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<Table 5> Optimal conditions predicted for preparation of chili oil obtained by MINITAB program

Dependent variables Value Xi X
Target 375 ol iy 375 i
v, Coded 0.1571 o0
Actual 48.29
Target 206
Y Coded 0.00
Actual 44.45
Target Max
Y; Coded 0.1571
Actual 48.29
Multiple response Coded 0.1857 -0.3286
optimization Actual 48.99 8.36

X1, A/BHC); Xy, B/C; A, chili oil; B, liquid smoke; C, capsicum; Y;, VOI; Y, amino acid nitrogen

(mg/100g); Y3, overall acceptance, score.
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<Table 6> Experimental verification of the predicted responses for canned sardine chili oil produced under

optimized conditions

) Value
Dependent variables - -
Predicted Experimental
Y.(VOI) 375.0° 370.0+£7°
Y2(Amino acid nitrogen, mg/100g) 205.8° 201.245.2%
Y;(Overall acceptance, score) 6.73* 6.62+0.2%

Difference letters on the data in the row indicate a significant difference at P<0.05.
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