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The Manila clam Ruditapes philippinarum, is an important marine bivalve that is widely distributed along the west
and north coasts of South Korea. It has been used in a variety of Korean foods owing to its superior umami taste. In
the present study, we developed a flavoring with an excellent sensory preference from Manila clam using extrusion
cooking processing. Optimization of extrusion cooking conditions was performed using response surface methodol-
ogy (RSM). Barrel temperature (X, 140-160°C) and screw speed (X, 400-560 rpm) of the extruder were chosen as
independent variables. The dependent variable was overall acceptance (Y, points). The estimated optimal conditions
were as follows: overall acceptance (Y): X =140°C and X =560 rpm. The indicated value of the dependent variable
overall acceptance (Y) under the optimal conditions was 8.94 points, which was similar to the experimental value
(8.82 points). Overall acceptance of the Manila clam flavoring was related to its umami and Manila clam tastes. The
electronic nose and tongue results successfully segregated different clusters of the samples between the lowest and
highest sensory scores. The sample with the highest sensory score had higher sourness, umami, and sweetness inten-
sities, and the lowest sensory scored sample showed more off-flavor compounds.
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Table 1. Experimental range and values of independent variables
in the central composite design for extrusion cooking in prepara-
tion of seasoning from Manila clam Ruditapes philippinarum

Range and levels
1414 1 0 +1 +1.414
140 143 150 157 160
400 423 480 537 560

Independent variables  Symbol

Barrel temperature (°C)  X|

Screw speed (rpm) X,
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Table 2. Central composite design matrix and values of dependent variables for extrusion cooking in preparation of seasoning from Manila

clam Ruditapes philippinarum

Independent variables

Dependent variables
Number Coded values Uncoded values
X, X, X X, Y

1 -1 -1 143 423 5.80
Factorial 2 1 -1 157 423 5.90
portions 3 -1 1 143 537 8.00

4 1 1 157 537 5.90

5 -1.414 0 140 480 7.10
Axial 6 1.414 0 160 480 5.20
portions 7 0 -1.414 150 400 5.50

8 0 1414 150 560 6.70

9 0 0 150 480 6.10
g;ﬂttir 10 0 0 150 480 6.20

1 0 0 150 480 6.30

X, Barrel temperature (°C); X, Screw speed (rpm); Y, Overall acceptance (points).
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Fig. 1. Three-dimensional response surface plots of overall accep-
tance (Y) of seasoning from Manila clam Ruditapes philippinarum
as a function of barrel temperature (X, °C) and screw speed (X,
1pm).
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Table 3. Estimated coefficients of the fitted quadratic polynomial equations for optimizing extrusion cooking conditions of seasoning from
Manila clam Ruditapes philippinarum as a function of barrel temperature (X, °C) and screw speed (X, rpm)

Parameters Constant X, X, XX, XX, XX,
y Coefficient 6.200 -0.586 0.487 0.044 0.019 -0.550
P-value 0.001 0.001 0.002 0.669 0.853 0.005

Y, Overall acceptance (points).

Table 4. Response surface model equations for optimizing extrusion cooking conditions of seasoning from Manila clam Ruditapes philip-
pinarum as a function of barrel temperature (X, °C) and screw speed (X, rpm)

Quadratic polynomial model equations

R? P-value

¥=6.2-0.586 X,+0.487 X,+0.044 X 7+0.019 X,%0.550 XX

0.957 0.002

Y, Overall acceptance (points).
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2 Q5|8 YE=o| eelE do o= gl o] H o] g Al
Lol e = Qlsto] T 7| 27 ol X A o= Al
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ghd, 2 A tollA= S5l S84 7| Ekof ¥R 1
A= AFAQ B 4 dotir] flste] IsH7EA] Bt
(salty taste), 223 (umami taste) ¥ B}z Y9H(Manila clam
taste)o]| theh A3 &= = 317 GrobH Qhrh(Fig. 2). W2 HiA| =k
7|H|0] 298] T3] 7| S ke b= o] fl= A S 2 B S
o], o}z P71 913 AR Al2A] QA0 4918 0.3%
(wh) H7b5tel7] o2 A ek v, vixje o))
oA FR5HA A8 A= o= HATHR=0.7249)
I HRAEBHR=0.7301)2 =& A AT ae UehliAl= &
PR A 7|3l o] e AR wHE It
Maillard reactionS ZF2UE = 7F2 8RS Z71A]7]+= HELo]
TE AAAA AU 27 e E 77T, ol et
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Z2A=E — ‘1:
Z3}+= Maillard reaction®]] £t % 7}{(Normah and Noorasma,

Table 5. Analysis of variance for dependent variable

\?;?:&ggm Sources DF SS MS F-value P-value
Regression
Linear 2 4644 2322 4434 0.001
Square 0.011 0.006 0.1 0.902
v Interaction 1 1.210 1.210 23.10 0.005

Residual
Lack of fit 3 0.242 0.081 8.06 0.112
Pureerror 2 0.020 0.010

Total 10
DF, Degrees of freedom; SS, Sum of square; MS, Mean square; Y,
Overall acceptance (points).
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Fig. 2. Correlations between overall acceptance and salty, umami
and Manila clam tastes of seasoning from Manila clam Ruditapes
philippinarum.

2018) ¥ tjFhl(Ogasawara et al., 2006), H-3- ¥ (Zhang
etal., 2019), -=(Xu et al., 2018)2] Bt AJ = H3}ol| tfgh A+t
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control [l RsMNo.3 [l RsM No. 6

Umami taste

A

Manila clam taste Overall acceptance

Fig. 3. Sensory characteristics of control, RSM No. 3 and RSM
No. 6 samples. Control sample means products not to be treated by
extrusion cooking. RSM, response surface methodology.

Extrusion cooking Z719| z|X3t 4 AZS

2 AFoA = SEHp T4 7R R(N)E e Z
o Q= A9 extrusion cooking 271S MINTAB Z=1
2 9] response optimizers 0|85l EAX O R EE3IFTH
(Table 6). 7 23}, 56 7 32(Y)7} A g Max) & eh
=5EMeE 25X, C) 9 237 £%(X, rpm)2] &
ZX(coded value) 2! A A|Gk(uncoded value)y= th-2-3) Zro] 374
otk iE 25(X) -1.414, 140°C; 235 £5(X) 1414,
560 rpm. o|FA| FAH o= FAH FHHS] HH 21 5t
oA ol FEHS FEA 712 5=(Y)9] Hiek> 8.942
2 vehdeh. 275 SYuse] 270 BAHCR o
TEHS THA 7|59 g2 A x2dstol A AA| A

kel vlas gl A5 oof gH(Cho et al., 2005; Yoon

L Ao - e - AE -

SRS_Sourness -o- Control
o ~-m-- RSM No. 3

70 /7, —+ RSMNo. 6

BRS-Bitterness STS-Saltiness

SWS-Sweetness UMS_Umami

Fig. 4. Taste intensity of samples using electronic tongue. Con-
trol sample means products not to be treated by extrusion cooking.
RSM, response surface methodology.

etal, 2017). AA| H2 20| dod $4 7|57} 8.822
LERLE FAARL S8t A2 fratsirhs e SHdd == 9
At
AT

02|z ate| #SEY Hlu

ofN

o
RSM HARlel A AAE AT S84 7557} 4 %
© No. 3 13 714 52 No. 6 A1EE o2 extrusion
cooking®] |#] ¢F-2 u]A] 2](control) 2} F5-5A4]S H] s}
SAthFig. 3). v| A 2] (control)e 714 W £ 7

Urehf ¢l on, 7Yk (umami taste) 9 HFA 2H(Manila clam
taste)o| A= 7 W2 A S Btk RIM AY T 5 53¢
2 7|3 27} 718 W2 No. 6 A1Z9] A9 n| A 2]ito] 717he
W5 B4 Bt ol A3E FFelE 1, extrusion
cooking Z:719] 2| H3H= uEx| 2} 7]H|0] A2 Akt 9lo]

218 G o] the e A o 4 qlgleh

Table 6. Response optimization for extrusion cooking conditions for the preparation of seasoning from Manila clam Ruditapes philippinarum

X, (Barrel temperature, °C)

X, (Screw speed, rpm)

Optimal conditions Coded value Actual value Coded value Actual value
-1.414 140 1.414 560
9 — 9 = ] [
Target value
Y Y, 7 — Y, 7 —
(Overall acceptance,
points)
Max 5 - > -
[ I I [ I I
-1.414 0 1.414 -1.414 0 1.414
Predicted values 8.94
Experimental values 8.82+0.5
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Table 7. Volatile compounds in seasoning from Manila clam Ruditapes philippinarum using electronic nose

(Peak areax10?)
Compounds RT3(RIP) Sensory description Control Sample No. 3 Sample No. 6
Butane 17.63 (380) Faint 11.99 14.09 41.33
Trimethylamine 20.39 (424)  Amine, Ammoniacal, Fishy, Pungent 15.22 4415 246.38
Ethanol 22.63 (460)  Alcoholic, Ethanol, Pungent, Strong 10.91 12.11 32.21
2-Methylbutane 23.77 (478) Gasoline, Pleasant 0.25 0.90 3.81
Dimethyl sulfide 25.03 (498) Cabbage, Corn, Green, Onion, Sulfurous 0.43 0.39 1.50
2-Methylpropanal 27.31 (534) Burnt, Fresh, Pungent, Spicy 16.82 85.72 47712
Acetonitrile 28.23 (549)  Aromatic 13.02 89.43 514.74
Butanal 29.89 (575) Green, Malty, Pungent, Chocolate 3.01 2.28 6.11
3-Methylfuran 33.17 (615) - 0.09 0.27 1.25
3-Methylbutanal 37.91 (654)  Aldehydic, Almond, Cheese, Fruity, Fatty 0.71 6.65 65.38
Benzene 40.43 (676)  Aromatic, Gasoline, Pleasant 8.15 2.46 3.40
Pentan-2-one 42.39 (692)  Acetone, Banana, Fruity, Sweet, Thinner 0.09 0.30 0.63
Heptane 43.59 (703)  Alkane, Fruity, Sweet 6.25 3.72 5.00
Butanethiol 44,67 (713) Coffee, Garlic, Onion, Sulfurous 0.36 0.44 1.50
3-Methyl-1-butanol 4597 (725)  Alcoholic, Balsamic, Cheese, Onion 0.02 0.07 0.28
2-Pentenal 4747 (740)  Apple, Fruity, Green, Oily, Pungent 0.27 0.36 2.72
2-Methyl-1-butanol 49.69 (761) Fresh, Fruity, Malty 0.10 0.21 1.01
1,1,2-Trichloro-ethane 50.95 (773) Pleasant, Sweet 0.32 0.21 0.54
p1-Ethyl-3-methyl-cyclopentane  51.73 (781)  Pungent, Synthetic 0.19 0.57 3.61
4-Methylheptane 53.09 (794) - 0.50 0.87 225
Dimethyl sulfoxide 54.89 (813)  Alliaceous, Fatty, Garlic, Sulfurous 1.1 1.95 4.86
2,4-Octadiene 55.71 (823) Glue, Warm 0.29 0.62 5.96
4-Ethylheptane 57.95 (850) - 0.10 0.16 2.09
Cyclohexanol 60.25 (877) Camphor 1.68 1.53 2.44
1,4-Dichloro-butane 61.93 (897) - 1.01 3.12 6.39
1,2,3-Trichloro-propane 63.45 (940) Chloroform 0.54 1.14 5.53
Amyl propanoate 64.41 (972) Apricot, Fruity, Pineapple, Sweet 0.14 0.48 1.56
5-Methyl-4-nonene 65.33 (1,001) - 11.45 9.28 8.36
1,2-Dichloro-benzene 67.31(1,052) Aromatic, Pleasant 1.16 1.03 1.08
Undecane 69.51 (1,106) Alkane, Faint, Fusel 1.50 1.86 6.44
Tridecane 78.97 (1,270) Alkane, Citrus, Fruity, Fusel 0.10 0.12 0.16
2-Methyltridecane 83.65 (1,362) - 1.63 1.85 2.89
3-Tridecanol 90.07 (1,499) - 1.35 1.06 1.28
Lindane 100.25 (1,729) - 0.30 0.17 0.21
Ronnel 107.99 (1,903) Mercaptan 0.36 0.26 0.25

“RT, retention time(min). °RI, retention indices.
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Fig. 5. Principal component analysis of taste intensity of season-
ing from Manila clam Ruditapes philippinarum. RSM, response
surface methodology.
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Fig. 6. Principal component analysis of volatile compounds of seasoning from Manila clam Ruditapes philippinarum. RSM, response sur-

face methodology.
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