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This study was conducted to optimize processing of functional seasoning sauce for instant noodles (SSIN)
using response surface methodology (RSM), and to compare the functional properties of commercial SSIN.
Central composite designs were adopted in the SSIN processing for ingredient formula optimization.
Concentrations of sea tangle (X;), traditional soy sauce (X3), yeast extract (X3) and Ecklonia cava extract
(ECE) (X4) were chosen as independent variables. The dependent variables were glutamic acid content
(Y1), score of sensory evaluation (Y:), and antioxidative activity (Y3). We found the optimal conditions
to be X;=3.91%, X,=20.57%, X3=3.04% and X4=3.78%. The predicted values of the multiple response
optimal conditions were Y=124.0 mg/100 g, Y»,=7.6 and Y3=1.95. The antioxidative activity (PF, PF=oil
induction period with sauce/oil induction period with distilled water) and ACE inhibitory activity of ECE-added
SSIN were 1.98 and 29.0%, respectively, which were significantly higher than those of commercial SSIN
(1.09 and 4.4%, respectively).
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Table 1. Experimental range and values of the independent
variables in the central composite design for preparing the
Ecklonia cava extract-added seasoning sauce

Range levels

Independent variable Symbol

2 -1 0 +1 +2
Sea tangle X4 0 1 2 3 4
Traditional soy sauce X2 5 10 15 20 25
Yeast extract X3 0 15 3 45 6.0
Ecklonia cava extract Xa 0 1 2 3 4

X1 (sea tangle, %), X, (traditional soy sauce, %), X3 (yeast
extract %), X4 (Ecklonia cava extract).

Table 2. Central composite design and responses of dependent
variables for the Ecklonia cava extract-added seasoning sauce
to independent variables

Factor Response

Run No. X4 X2 X3 X4 Y1 $2 Y3
1 1 10 1.5 1 28.84 3.30 0.99
2 3 10 1.5 1 7172 5.07 1.00
3 1 20 1.5 1 48.10 4.16 1.05
4 3 20 1.5 1 9412 6.22 1.07
5 1 10 4.5 1 6048 472 0.98
6 3 10 4.5 1 68.12 523 1.01
7 1 20 4.5 1 7554 540 1.05
8 3 20 4.5 1 93.72 6.24 1.06
9 1 10 1.5 3 31.86 3.43 1.60
10 3 10 1.5 3 70.80 5.19 1.62
11 1 20 1.5 3 46.54 4.09 1.74
12 3 20 1.5 3 96.06 6.32 1.75
13 1 10 4.5 3 6418 4.89 1.61
14 3 10 4.5 3 8112 565 1.62
15 1 20 4.5 3 73.86 532 1.79
16 3 20 4.5 3 10214 660 1.80
17 0 15 3 2 5148 432 1.30
18 4 15 3 2 14462 8.51 1.31
19 2 5 3 2 58.10 4.61 1.21
20 2 25 3 2 96.20 6.33 1.50
21 2 15 0 2 5022 426 1.29
22 2 15 6 2 10290 6.63 1.28
23 2 15 3 0 81.06 565 0.80
24 2 15 3 4 82.36 5.71 2.01
25 2 15 3 2 88.10 596 1.46
26 2 15 3 2 89.76 6.04 1.45
27 2 15 3 2 88.26 597 1.46

X (sea tangle, %), X, (traditional soy sauce, % ), X3 (yeast
extract %), X4 (Ecklonia cava extract), Y1 (content of glutamic
acid, mg/100 mL), Y, (sensory evaluation), Y3 (antioxidant
activity, PF: protection factor).
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Table 3. Proximate composition and radical scavenging
activity of Ecklonia cava and its enzymatic extract

Proximate composition (%) DPPH radical
Sample scavenging
Moisture  Protein  Lipid Ash  activity (%)"
Ecklonia cava 11.0£0.0 149+01 05+0.1 121£03 -

Enzymatic ectract 7.8+0.1 10.1+01 1400 16.6£0.0 85.0

"The concentration used was 2.0 mg/mL of enzymatic extracts
from Ecklonia cava.
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Fig. 1. Response surface plots for optimization of content of glutamic acid in the Ecklonia cava extract-added seasoning sauce.
X (sea tangle, %), X, (traditional soy sauce, %), X3 (yeast extract %), X4 (Ecklonia cava extract), Y (content of glutamic

acid, mg/100 mL).
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Fig. 2. Response surface plots for optimization of sensory score in the Ecklonia cava extract-added seasoning sauce.
X (sea tangle, %), X, (traditional soy sauce, %), X3 (yeast extract %), X4 (Ecklonia cava extract), Y, (sensory evaluation).
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Fig. 3. Response surface plots for optimization of antioxidant activity in the Ecklonia cava extract-added seasoning sauce.

X1 (sea tangle, %), X, (traditional soy sauce, %), X3 (yeast extract %), X4 (Ecklonia cava extract), Y3 (antioxidant activity,
PF: protection factor).
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205852, 0|28 F XS0 S 01317, wAE F XX E
A e 2] XX, XiXs, XiXe, XoXs, XsXs3 59 29 72}
0.886, 1.000, 0.866, 0.505 & 0.323°.% 005K} AA 5% 5
ol A frejdo] 1= A skt wheha] AJA| &2-9] thAlRf
e g, ax A2 9 gy a4 JHEdEL sk
g gakals (Yy)e s Y WA S HEEE AR
S A T X7 X, o)A T XS, A T XX, XiXs,

XiXs, XoXs, XsXaFE0] 2HAlE FHY A o2 e
= Atk ool A AF 3 glutamic acid T, THH HT

59F 2t
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Table 4. Estimated coefficients of fitted quadratic polynomial equation of the Ecklonia cava extract-added seasoning sauce

for different response based on z-statistic

Y4 Y2 Y3
Coefficient P-value Coefficient P-value Coefficient P-value

Intercept 88.71 0.000 5.99 0.000 1.46 0.000
X4 18.11 0.000 0.82 0.000 0.01 0.345
X2 9.55 0.002 0.43 0.001 0.06 0.000
X3 9.85 0.001 0.46 0.001 0.00 0.585
X4 1.19 0.620 0.05 0.618 0.32 0.000
XiX4 -0.03 0.992 -0.00 0.999 -0.04 0.000
XoXo -5.25 0.049 -0.24 0.047 -0.02 0.004
X3X3 -5.40 0.047 -0.24 0.047 -0.04 0.000
XaXy -4.11 0.123 -0.18 0.119 -0.01 0.131
XiX2 2.23 0.452 0.10 0.442 -0.00 0.866
X1Xs3 -6.65 0.039 -0.28 0.049 -0.00 1.000
XiX4 1.19 0.686 0.05 0.682 -0.00 0.866
XaX3 -0.65 0.827 -0.05 0.725 0.01 0.505
XoX4 -0.73 0.803 -0.03 0.798 0.02 0.007
XaXy 1.31 0.655 0.04 0.776 0.01 0.323

X (sea tangle, %), X, (traditional soy sauce, %), X3 (yeast extract %), X4 (Ecklonia cava extract), Yi (content of glutamic
acid, mg/100 mL), Y, (sensory evaluation), Y3 (antioxidant activity, PF: protection factor).

Table 5. Response surface model for processing conditions of the Ecklonia cava extract-added seasoning sauce

Responses Quadratic polynomial model R? P-value
\e Y =88.71 + 18.11X1 + 9.55X; + 9.85X; - 5.25X,% - 5.40X5” - 6.65X1X3 0.902 0.000
Y2 Y =5.99 +0.82X1 + 0.43X5 + 0.46X3 - 0.24X5% - 0.24X5% - 0.28X1X3 0.905 0.000
Y3 Y = 1.46 + 0.06Xz + 0.32X4 - 0.04X4% - 0.02X5% - 0.04X5” + 0.02XX4 0.996 0.000

X1 (sea tangle, %), X, (traditional soy sauce, %), X3 (yeast extract %), X4 (Ecklonia cava extract), Y (content of glutamic
acid, mg/100 mL), Y, (sensory evaluation), Y3 (antioxidant activity, PF: protection factor).

Table 6. Canonical form of the response surface model for
processing the Ecklonia cava extract-added seasoning sauce
Res-
ponse
\Z 1878.62 - 0.01 (1) - 0.49 () - 9.09 (ws)? - 18.35 (1)’
Y, 18.37-0.02 (w1)?- 0.51 (2)* - 0.80 (ws)* - 1.09 (ws)?
Ys  8.96-0.01 (01)?- 0.09 (wp)? - 0.14 (ws)’ - 0.15 (a)?

o1, @, w3 and ay: new coordinates of X; (Sea tangle, %),
X> (Traditional soy sauce, %), X3 (Yeast extract %), X
(Ecklonia cava extract), Y (Content of glutamic acid, mg/100
mL), Y (Sensory evaluation), Y3 (Antioxidant activity, PF:
Protection factor).

Canonical form of quadratic polynomial model

HES w3 ubAg Aol Aabd ghol

oo A 3 glutamic acid T, T4 B 71E %
2 ogussel U@ 727wk 2 gEAe] Ay
(stationary point)S AF¥] - ZA¥}i= Table 67} Zrh UWHA o2

g 52y W s A WA S 4T F 2 (canonical
form)©. = WA ZIS wf Whg-2 o] A4

= on4 (maximum point)<, W& 2] A=

- #H2A (minimum point)S, 18] 3L, ¥

7} oh’} o] EAEH= 49 eH4A (saddle point)S LFEF

ik A lom, AGrt 00] s ol EAlsHE A

xS Yebdoka 4 A ) (Kim et al, 2002). ©] 23t
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Table 7. Optimal conditions of multiple responses for
processing of Ecklonia cava extract-added seasoning sauce
for instant noodle

Independent
variable

Critical value  Stationary

Dependent variable Coded Uncoded point

X4 1.96 3.96
Xz 1.26 21.30 .
1 X 032 253 Maximum
Xa 0.30 2.30
X4 1.96 3.96
Xz 1.31 21.54 .
Y2 X 032 253 Maximum
Xa 0.25 2.25
X4 0.0 2.00
Xz 0.0 15 )
Y3 X 00 3 Maximum
Xy 1.77 3.78
X4 1.91 3.91
Mutiple response X2 1.11 20.57 )
optimization X3 0.02 3.04
Xy 1.76 3.76

Xi (sea tangle, %), X (traditional soy sauce, %), X3 (yeast
extract %), X4 (Ecklonia cava extract), Y, (content of glutamic
acid, mg/100 mL), Y, (sensory evaluation), Y3 (antioxidant
activity, PF: protection factor).

Table 8. Experimental and predicted results of verification
in the Ecklonia cava extract-added seasoning sauce under
optimized condition

Dependent variables Predicted Experimental
value value

Y1 (Glutamic acid, mg/100 mL) 124.02 126.62

Y2 (Sensory evaluation, score ) 7.6 73 +0.8

Y3 (Antioxidant activity, PF) 1.95 1.98 + 0.05

AA] 22229] glutamic acid 3 (Yol &k #H A ohrlwt
X)), A& HE (Xp), EE 28 (Xp) 2 HE &4 FE55
X9)9 =+ a3t 3t (coded value)® 7% Z+Zt 1.96,
1.26, -0.32 2 0.30°]% 3L, o] = A A 3k (uncoded value) o =
akelE 49 AAS 100 mLol thake] ZHzE 3.96%, 21.30%,
2.53% = 230%0|th o)E ZHAA A3 A 2A
glutamic acid L 134.29 mg/100 mLE <=5 At A A
29 TFH AT Va2 Ui HA gAr (X)), 1%
W (), BR AR (X)) B P Gk MR (X9
Tt 5339 7k (coded value)] 7% Z+2Z+ 1.96, 1.31, -0.32
20250193, o] & AA #k (uncoded value) . 2 3Htkal=
A4 22 3.96%, 21.54%, 2.53% 2 225%°]J T} ol £
A AZS AA] Ao T e VEEE 805FHoR oS
HAch AlA &9 gbshEe digk HA gARk (X)), 18
1 (Xp), B8 AN=FE (X)) 2 2E a4 7HEEslE (X9
FrE B53skd 7 (coded value)2] 7% ZH2E 0.00, 0.00, 0.000
2 1.770190a, o] & AA 3k (uncoded value) 0.2 32135t
AL 22 2.00%, 15.00%, 3.00% 2 3.78%°]J T} o] A
Al Az AJA] A0 ks 2012 G SHJU ol E

FA ==

=

AlA] 22229] glutamic acid &%, A A5 7|5 H FAiks)
TS BT 5T F dE F4 g (X)), AE (X)),
AR AR (Xp) 2 A & %%% X9ol == Fostd
%t (coded value)2] 7 1.91, 1.11, 0.02 & 1.76°]Q 3L
ol & AA 7k (uncoded value) 2.2 Bk A 217} 3.91%,
20.57%, 3.04% 2 3.76%°] AT}, o5 HA =78 A &3t
AA ZaE A 23 U glutamic acid T, T4 #5 7|%
=3 ke & ST A} (Table 8), o] 5 AlAl 2229
THA B5 7ss B ilstse 742t

AL 2+7

glutamic acid shak

F

126.62 mg/100 mL, 7.3% 2 1.98%, o]E2] <F5X<1 124.02
mg/100 mL, 7.67 2 1.950] 212 <l Wolol ATk
olide] A¥z uFof Hol AAH v B2 AlA
o] AxE 99 HA mdolgt AU
ACE inhibiting activity (%)

0.0 10.0 20.0 30.0 40.0

Ecklonia cava
sauce

Commercial
sauce

1.09
[ ACE inhibiting activity (%)
O Antioxidant activity (PF)

0.00 0.50 1.00 1.50 2.00
Antioxidant activity (PF)

Fig. 4. Comparison of antioxidant activity and angiotensin
I converting enzyme (ACE) inhibiting activity of commercial
seasoning sauce and the Ecklonia cava extract-added
seasoning sauce.

Table 9. Results on the sensory evaluation of commercial
seasoning sauce and the Ecklonia cava extract-added
seasoning sauce

Sensory evaluation

Seasoning suce

Color Flavor Taste

50+00 5.0+00
5405 4805

Commercial 5.0 £ 0.0
Ecklonia cava extract-added 6.7 = 0.3

S 2
Ghksls e AAl Aol A
o] g<13] /fA Q1AL ACE XisHoL JEH ik
H7¥ete] A x7h Al 22220 A9 29.0%5, Al A2=0] 44%
of nlgte] A3 A= el Ak FEE 7ol otk
SA 258 A0 Fksks ko] ofut S A AHE-
EAEES & F AT (Cha et al, 2006).
s AL

S HFE AR o] A gl Bks V)RS sHo R
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