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Development and Sensory Characteristics of Seasoned Broughton’s
Ribbed Ark Scapharca broughtonii Soy Sauce with Added Mustard Leaf
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The home meal replacement (HMR) market has attracted significant attention due to COVID-19 pandemic and prod-
ucts that utilize the combination of different processed ingredients are now being developed. In this study, Broughton’s
ribbed ark Scapharca broughtonii was soaked in seasoned soy sauce with the incorporation of mustard leaf Brassica
juncea (M-BRA), which is known to have a unique texture as well as excellent functional properties such as antioxi-
dation, to develop a regional specialty product. The optimal conditions for manufacturing M-BRA from the seasoned
soy sauce (the sauce to be added [X|] and the soaking time [.X)]), were examined using response surface methodology
(RSM) to analyze the significance of the salinity (Y,), amino-N content (Y)), and overall acceptance (Y,). The coef-
ficient of determination (R?) between X -X, and Y -Y, were close to 1, thereby confirming the suitability of the RSM
model. The optimal conditions were seasoned soy sauce addition of 140% and soaking time of 156 min. The M-BRA
manufactured under these conditions exhibited superior overall acceptance compared to seasoned commercial soy
sauce, which was used as a control. We expect that the market for M-BRA manufactured by combining marine and
agricultural materials will expand owing to superior overall acceptance compared with commercial products.

Keywords: Broughton’s ribbed ark, Mustard leaf, Tasty soy sauce, HMR, RSM
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1] Z7}(Scapharca broughtoniiy= 03T Z7](S. satowi), oFAl W & S AFE R XA E Yt (Gwon et al., 2013).
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(Farrell, 1998; Kwon et al., 2019). 3}, 2+ 44 of u}2} glu-
cosinolate®]] 23} A4 =|+= sinigrin, B-carotene, chlorophylls,
phenolic compounds 9] 7157 =& o] a5 o] glof g4t
SH, e Aol d H A Sol gt A e g A Sk
(Cheigh and Park, 1994; Choi et al., 2001; Son et al., 2015).

7H471H A (home meal replacement, HMR) 131 7%}
ghilo] $30] 571 502 ola) Aol S wA ulxe
Uzo] 5atehs chofet FeR 24153 9rLee and Kim,
2021). 53] 2|27 ol 3 4] A7 FHsstel 7+ el
3}11, HEAJo] =& RTE (ready-to-eat) A& & $AMES &
Bt Aol = 3, sz e 5o WG Al =
] 7ol Al A, A5 T 22 A4 9 dsfs AlE
o] Itk Costa et al., 2001, Kim, 2017). |+ COVID-192] 4
o2 71T Al A BT} B o] Ui A(wellness), Hol s}
So ohat 2l o] 24 Fohol uet A7 E Aol F5]
g7staL ik

SHH, AlE A A o A= ZehE gl o] 4 (collaboration) HHAIE ]
A o] A AL glom, AE Fepr o] HE A4, A
F-7NE, AE-wiA 5 bt FEfE ZsEar qlok whebA,
EAE Fzup A 2R A7 SAIE AFshe axH[AR
TRE 2Rt A AP AR FARES 583 HMR A
F9 M A7F 25 AL Qe

FTabES 8t g Ee VA T e A AR
-85} 2W(Oh and Choi, 2015; Zhao et al., 2017; Choi and
Kim, 2018; Choi et al., 2020), YA AL} A& 283t 713
E(Jung et al., 2007; Cho et al., 2013; Chae et al., 2019), 3=
FoF W& &85t 715-2(0Oh and Choi, 2006; Ryu and Koo,
2015, Lamont and McSweeney, 2021; Mamat et al., 2021),
7HAb], HE 5 oo A 8ot AT R A (Cha et al,,
2002; Bae et al., 2014; Han et al., 2015) 53} Zro] thokst S E|
2 5308 v} QLo 2t} w270 S 283 HMR 5424t 7}
SAE Y A= i ol A Bt vzt gl

2 Aol A= Al W 2)E o] BE e MRl &, 55
22 7 HA Ak 59 715/ 0] Ssttal o
Zre 7Rt A o EAFZE o2 0 Al A Al=stel
on, o)) A 237 2A3FE flsto] FAA 71l vEE-#H
24 (response surface methodology, RSM)S &85t 1| =
7N gt 7Y 20|54 Shat e S vl E Fel AH AR
7|2 FHAIZIALA} SF3I ek

ot

Zbe A71st w2 i (els) 2t w27 AlRE SRt =

o A w 54 881

9] o2t s of| A =2stof, Mepd e of4=A9
R18]ApH12) oA TS (Yeosu, Korea) 2§74}
Y7ke 7, WEECR Axelo] E A, 4583
e, 6.1+1.2 g)S 20194 3-69of| Al gitol Aglof ALg-
itk ek, 71 92 ZnlE 91g ot 0 A28 el
=221 7F(Sempio Co. Ltd., Icheon, Korea), A&(CJ Cheilje-
dang, Co., Incheon, Korea), Ao|tH(Lotte Chilsung Beverage
Co., Ltd., Gunsan, Korea), 3<(Lotte Chilsung Beverage Co.,
Ltd., Gunsan, Korea), =31 (Ottogi Co., Ltd., Ulsan, Korea),
A3 (CJ Cheiljedang, Co.), ZF*| 7] 2 (Samaventure, Co.,
Jincheon, Korea)2] 74-%- 20194 8-10€ 0] AAIG = SGA] &
A hFutEof A FujstlaL, vk, ATkAml, A gFars, A
A, nFEEA (S8 '), AR, oS, o, A, A7
O] B9 59 7-100l| B = TIA A4 HFAolA
sl om, Zko] 8- 5 9-10€ ) oJ5A] A4 HEA|A o)
Al sto] ARg-SFATE AR 2t T 2] BHsEA H]
WE 9ot} txF= ARSI Al 21| BE Y (Sempio Co.
Ltd.)2 59 9-10€] A a e SGA 24 tfgutEofA -
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Table 1. Recipe and method of mustard leaf-contained tasty soy
sauce for seasoning broughton’s ribbed ark Scapharca broughtonii

Ingredient (Q%E‘avrv‘}% Ingredient (g%tjavr\;}%
Soy sauce 13.0 Plum extract 2.0
Garlic 4.0 Dried mushroom 0.9
Ginger 1.0 Dried anchovy 2.0
Dried seatangle 0.9 Red pepper seed 1.6
Apple 8.4 Cheongyang hot pepper 1.0
Onion 8.0 Tuna extract 5.0
Cooking alcohol 3.0 Sugar 2.0
Oligosaccharide 8.0 Mustard leaf 10.0

1. Addition of water in a pot

2. Adding of the above additives based on the
water volum

3. Heating (95+3°C, 50 min)

4. Cooling (room temperature)

Method
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A3t 270 9] S Ha(X -X,) 2t 54l gk (center point value)E
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Table 2. Experimental range and values of independent variables
in the central composite design for seasoning conditions in prepa-
ration of seasoned broughton’s ribbed ark Scapharca broughtonii
tasty soy sauce

Range level
1414 1 0 +1 +1.414

Independent Symbol

Weight of tasty soy X

sauce (%, wiw) 79100 150 200 22

Soakingtime (min) X, 35 60 120 180 205

L

$35 - 2] - Bfu - oA

Jjm T AISE

St FEHe 71 IAE YEle gz s 39
A Aol == AR A ARl A4, 1A, 221
o w2pake] 718 7FZF MAPLE software (Ver. 12; Waterloo
Maple Inc., Waterloo, ON, Canada)°]| o ¢J5}o] AF&% 331
Tz e veplon], e 25 A6k Al tha Ak
3 3
=1

LB XX

et

M

Y=8,4 B X+

1 1

2
B, X2+;

1

o71A Y= E&5H, f= 35, B, B, B= 171 23 5 At
BAAT, X, X 53 Ho]ch(Bezerra et al., 2008).

=
7k mZ7Ae] QIubae vhafet A2 oF 0.5 g8 2slo] A
F5A(MFDS, 2019)0] whef 4=29] -9 4%k 7h9d =, =
chal o] 49 semimicro Kjeldahl®, ZA|9Fe] 732 Soxhlet
2l sie] 49 AAIBH LR BASIL, THstE
of 9 100-(52 Fepr bl grep ) gersle o

ok 1
[

5, o] 59| Ui AFAEE AU A S Al(RDA, 2007) &

hshEe] e 24l

pH % E=
pHE= A& (MFDS, 2019)0)| 4] o153 W ol ulet 24

skQlth. &, vkl AA| oF 5 g& 3 tha 17190 9uli(viw)
9] &425 715}ed A SH(Polytron PT 1200E; Kinematica AG,

Table 3. Central composite design matrix and values of dependent variables for seasoning conditions in preparation of seasoned broughton’s

ribbed ark Scapharca broughtonii tasty soy sauce

Coefficient db Run N Coded values' Uncoded values Dependent variables?
oefficients assessed by un No.
X, X, X, X, Y, v, v,
1 -1 -1 10 60 1.2 1,210 3.3
Fractional factorial design 2 +1 -1 20 60 1.9 1,498 3.7
(4 points) 3 -1 +1 10 180 1.4 1,282 5.7
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 4 20 180 2r rso e
5 -1.414 0 79 120 0.8 982 4.6
(4 points) 7 0 -1.414 15 35 15 1,259 1.8
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 8 QA 18208 22 e 588
9 0 0 15 120 1.8 1,541 7.1
Center points
(3 points) 10 0 0 15 120 1.8 1,546 7.2
11 0 0 15 120 1.8 1,542 7.2

"X, (Weight of tasty soy sauce, %, w/w), X, (Soaking time, min). *Y, (Salinity, g/100 g), Y, (Amino-N, mg/100 g), Y, (Overall acceptance,

score).



Lucerne, Switzerland)a}a!, $1414%2](9,300 g, 15%&) W o]}
3t oj ol © 7 5191 2™, pH meter (Orion 3-star; Thermo Fisher
Scientific, Waltham, MA, USA)= =4 3}9ic}.

AT A Z T A(MFDS, 2019)0] 4] A1g3t 3lshy oz =4
STt 3, 219 oF | g& TH3He B AAS H3E h o]
£ B2 0|1, A-§(500mL) % ofakt of o} 10 mL| ZEA
ZE(K,Cr0,) 89 2-31-8-2 73t 3 0.02 N FAH(AgNO,)
o8 A5, 0|5 Ed= ofehe 2o] A4kt

o AXFx5.85
== 32

A, A of] 21 0.02 N FARS g-H(mL)
F, 0.02 N 242 890 9] factor

S [e}
5 7ot 25 mLE -gstal, #ASAT thF o] 0.1 N
NaOH &5 AH8-5t0] pH 848 £75}G1T}. o]ojA] of7]o
36% formaldehyde -8-24(0.1 N NaOH &2 A[-8-5}¢] pH 8.4
2 2% gl 20 mLE 78t th3- 0.1 N NaOH &9 © =2 pH
8.47} & wj7}x] A A sto], ofef| o] AlptAlS BT & ofn] Ak
A S ARSI

o] 1= 4F 2(mg/100 g)=2.8X [V ~(V,+V )]<F

V,, Al 3717421€] 0.2 N NaOH -84 2] Z-7H(mL)
V,, 71t 02 N HCl-&-Hof| A4551= 0.2 N NaOH -] ¢HmL)
V,, tiz o] 713t 0.2 N NaOH -9 2] Z-2H(mL)
F, 0.2 N NaOH &4 9] 7}
ot 7t

A O

HASIE o] g3 727 20]71BES] B A ARE o et
al. (2012)°] Aot W ol wheh 2t w2 /jgke] w2l S 1
A v}t 1S 0] 9] 5 gol] 54 100 mLE 242} 7}star, 27
2 thA] skl uhafel 5 QAR E|(10,035 g 105) 2 of 25}l
A\ z3F e g 4= 242 Woertz et al. (2011)0] o153+ HH
o]l wh2} electronic tongue unit (a-Astree II; Alpha M.O.S Inc.,
Toulouse, France)= &7 513t

A 2=

WA 7w WAl 73%=7)(Odor concentration meter, XP-
329R; New Cosmos Electric Co. Ltd., Osaka, Japan)E ©]-8-3
of Kang et al. (2014)0] 1533+ uho] njeh 24l oiek. WA
73e 24719 mode= batch® A48}, ol W) Z=

(leveD = LFER 1.

e 9 54 883

[
A7 A A 2 Conway unitS: AR-alo] A1E57
(MFDS, 2019)°fl A gt mjg=i oz S4sk3ict 54
= 913t AA 2= AR 10 gofl 74 50 mLE ¥z, 41 5,
3027 AEAIT ths o sto] Al 233 o] o] A], Conway
unit®] oA F AZof A A= & | mLE, 28X 2
5}K,CO,1 mLEZ, Y41 0.01 N H,SO, 1 mLe} %] A]2F 2-3
== 47 71t o 2EAld S BhE o= destar, 24
AHA E50] & F 37 ColA 12027 vhA1H T 578 Ayt
= Hkg-o] T Conway unit W40l 0.01 N sodium hydroxide
2 AAR & thEo] A5 o]-85to] AT

(B-A)X0.14xFx 3| A2

A A (2)

4718 2x(mg/100 g)= 100

A, A =] A

B, 3AI= 9] A5t

F, 0.01 N NaOH2] &7}
ool 2fgt #HsEIt

ol ot e H 7= e 2 ol ek HE(

gl vkt 713 A2 Y2 (Institutional Review
Board, IRB)=5-§ QI7F th A4S 91t Amda-2]4 o9
+2(GIRB-A19-X-0047) ®FaL Zlsstoict. &, & &9
panel member 2421(20-30t}], FA} 1021, oJA} 14202 14
sho] AJA] 2 9] 2717] T B7HE AAISHIEE olnf thx+t
S AT B e 2 A3 2 AlE e R, B VA
A 5x ez skglar, o)) L3t - 6-9F o &2, HoRRh A%
4-17 & Hr7lsk= 9dA v oz Sk

SAXzE

2 AR Aatol digh dlofH 9] FHA E o2k A (5%
G0]4=2)2 SPSS 2 1HM(PASW Statistics 25.0; SPSS Inc.,
Chicago, IL, USA)S o]-85}o] ANOVA test® BAMHLA S &
Duncan®] th-914 4 A Alsto] Lrehd it

o

2 2 2018 9 V] AR\ 2 MRS Sla) s
29] QIE(Y,) Aake

Table 3ol Uefloick. s m g Ae] Belnsel B4
T H] A S EAREA(ANOVA) S & A i Ao ik
3 2O APy o 5 el 2] 2 of H5(lack of
fit test)©] P-value+= 0.087% 0.05}.t} +11(Table 4), model ©]
P-value= 0.001..2 0.055T} o], AR ARRY7} 0.927
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Fig. 1. Three dimensional response surface plots for Y, (Salinity, g/100 g), Y, (Amino-N, mg/100 g), Y, (Overall acceptance, score).

"X, (Weight of tasty soy sauce, %, w/w), X, (Soaking time, min).

FA] 19]] 7}719](Table 5) 24| 9] w3 o] 233k A 02 AetE]
21tH(Zhou and Regenstein, 2004, Kim et al., 2010). 3, 23}
4 Aof 5ol A P-value7} 0.05 2t} 20 H A heh il = 7h
F& 4 itk B 17} Qltk(Isa et al., 2011; Shin et al., 2020).
E3E, ot 2] H7EH(X) B AAATHX ol whE #2719
AZ(Y)E X, 2 X9 S -1.4140) 4 +1.414717] 2% Z7}
Sl= ke UL, X o A 343 e, X 9 5
kRt s e S R )Itk(Table 6, Fig. 1). o]¢} o] Zt u] =
Wge] Zolg gk 74 M7k JEE o) AATEAI S Ll
e A o= Hop, ZF w]27149] e gt 1 7kl of
sto] & ok W= A0 R W E it kA dhegh gk 7k
& A7FE B 7 AAATERS A &po] a1 o] Tt o it
o ofyfe} 11710 7HEH|-§- O = QIgE YTt Ao ' 4
HIA Zfjof] ZA17FE 4= Jlo] AE deE fAS 4 =
S Az Zart ook

OF 2+ EXIZ240] oto| = AEA ool 0fXl= B

o
7k W2 208 9t 7o) X 27o] e Aol of
B A A(Y,) 2= Table 30] Lrebeich. Hgh 2

@ 1o

Table 4. Analysis of variance (ANOVA) for dependent variables

P-value
Dependent . . Cross- )
variables'  Model Linear Quadratic oroduct Lack of fit
Y 0001 0.000 0469 0021 0087
Y, 0001 0.000 0034 0188 0001
Y. 0.000 0.000 0.000 1.000 0.020

3

'Y, (salinity, g/100 g), Y, (amino-N, mg/100 g), Y, (overall accep-
tance, score).

9] P-value+= 0.001 2 0.05%.t} W3O L(Table 4), model 9]
P-value7}0.001 & 0.0515.0} Y37, A& A|S~(R2)7} 0.938 % 19
7F7k9](Table 5) A1 2] mgo] Agket 2 02 FotE| Q). &
SF, 9 2PEO] H7FH(X) B A ATHX ol whE 7] 274 2] of
0 AR A(Y e X 9] S -1414R 5 0.77H4] F715}o]
A& VERHQLAL, O] FRE +1.4147H4] FHastgl o, X
O] 7% -1.4142 %€ +1.4147}7] $HtsHA| Z7151 ATk Table
6, Fig. 1). o]e} Zo] 2k 1] 271442 ofm| i A 4 Fhg2- gt 7h
Z A A A g FaFo] B Q1= 9L, 53] vt
ZH 2 A=kl tigh FaFo] & A 02 k= Qi)

]

o 2 AXZ2A0| BB 7SS0 ORI Y

>

7 |z 8 o 7o) 1K) 270o] uhE AR FE
2 713.5%(Y,) A¥}= Table 3of YR Sict. 231 Aof 3
2] P-value:= 0.0202.2 0.05}%.t} Wk o L(Table 4), model 2]
P-value7} 0.0002.2 0.055t} W1, AAA2(RY)7} 0.9695
1] 7}7+9](Table 5) A &] w2 o] AgHstgict. E3, gt 1
O] H7FH(X) 2 HAAIZHX)oll whE T =70 9] o, 3, M, =
213Fo] kA Ql T4 HEEE UEl= 84 712%(Y)
= X9 A5 -14142 58 +0.3714] A 43| F7tste] 2]
£ UErH AL, o] 5HE] AA] Fhaxsl= A3 eSS
™, X,9] 79 -1.4145-€ +0.47H2] FA A ST 6k A
£ et SlaL, o] $-5E +1.41471A] wn|sHA| Zhashe 73
= YEFH SIeK(Table 6, Fig. 1). ©]€} o] mjx7]9] F3H4] 7]
oA e e s b o e D e o e o s IR = el
= Ao® Aot Qleh weba] ZF g2 i g2 A2 o wut
I} ZrEvto] Adstar, bt g 9 A Fofl OJgt FHA 7|5 e
Tt Rt AR2 NS AT ol Ao R weE QI

Table 5. Response surface model equations for monitoring effects of the independent variables on the dependent variables

Responses' Quadratic polynomial model equations R? P-value
R 1.73+0.50X,+0.30X,+0.25X\X, oo 0927 e 0001 oo
Y e 1,543.0+219.7X+110.3X-93.8X X, .. 0988 e 0001 o
Y, 7.17+0.44X +1.22X 0.77X X -1.77X.X, 0.969 0.000

3
'Y, (Salinity, g/100 g), Y, (Amino-N, mg/100 g), Y, (Overall acceptance, score).



MINITAB iilﬂg} L& E3}o] o]E
(wiw) B 2] AIZF 15661014 xﬂz 2 w2 AR SlE
1.8 /100 g, oF] Ak A T2 1,543.0 mg/100 g 2 534
712 Ee 7102 ASE I oH, 2 Aehd Syde =
2ol whet ihEE FEH| oS3 = A 22 2R A
z3to] 245 AZgkke] v s B3t HZo] I 3sltH(Cho
et al., 2005; Yoon et al., 2017).

wea, Z2 el A AAIE 24 QX2 Aol et 2t iz

o A w 54 885

| Precooked frozen broughton's ribbed ark Scapharca broughtonii

- Thawing in water for 60 min
- 1st Washing and dewatering

- Soaking in 2% (w/v) acetic acid and cooking alcohol 2% (w/v) for
60 min

- 2nd Washing and dewatering

| Pre-treated broughton's ribbed ark Scapharca broughtonii |

- Soaking for 156 min [140% (w/w) based on BRA1 volume] at
tasty soy sauce

Mustard leaf-contained broughton's ribbed ark Scapharca
broughtonii in tasty soy sauce

Fig. 2. Optimum processing procedure for preparation of mustard
leaf-contained broughton's ribbed ark Scapharca broughtonii tasty
soy sauce. 'BRA : Broughton's ribbed ark.
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£33 7|5 %
£ A= ST 75 % ZZr 1. 9+0 1 g/100 g, 1,5462+4.1
mg/100 g 2 7.3+0.278 ]3] 2. 1(Table 6), 5% 255 A]

Table 6. Response optimization for seasoning conditions of intermediate product for preparation of seasoned broughton’s ribbed ark

Scapharca broughtonii tasty soy sauce

Dependent variables Value X, (Weight of tasty soy sauce, %, w/w) X, (Soaking time, min)
141 0 141 141 0 1.4
Target 1.8 . | 1.8
"o Coded 0.0 / 0.2
(Salinity, g/100 g) : 15> - .
Actual 150 0 132
"""" ) ) 441 0 141 )
Target 1,543 1780 1,543
y [ T
2
(Amino-N, mg/100 g) Coded 0.0 1,380 — 0.0
....... Aol e
1410 141
Target Max. | Max.
Ys Coded 0.3 0.4
(Overall acceptance, score) ’ ’
Actual 165 144
...... ) o Coded H H
Multiple response optimization
Actual
Y, Y, Y,
Data’ Predicted 1.8%2 1,543.0° 7.12
Measured 1.9£0.12 1,546.2+4.12 7.3+0.22

'Predicted and experimental data on the dependent variables of broughton's ribbed ark Scapharca broughtonii in tasty soy sauce prepared

under optimized seasoning conditions. “Difference letters on the data indicate a significant difference at P>0.05.
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Table 7. Proximate composition, pH and energy of mustard leaf-
contained broughton's ribbed ark Scapharca broughtonii in tasty
soy sauce (M-BRA)

Shellfish product

Contents
Control® M-BRA
Moisture . 76.980.5% | 77.9+0.4°
Proximate Crude protein 15.3£0.1°  127£0.1°
composition Crude lipid 1.6+0.0° 1.310.12
(@1009)" A 1745020 2.120.1°
Carbohydrate 45 6.0
PH 5.2 a8 .
Salinity (9/100g) 18:0.0°  16£00°
Energy (kcal/100 g)? 98.0 90.7
!Carbohydrate (%)=100-(moisture+crude protein+crude

lipid+ash). 2Energy (kcal/100 g)=(crude proteinx4.22)+(crude li
pidx9.41)+(carbohydratex4.11). *Control means sample to be
soaked BRA by commercial soy sauce. *Difference letters on the
data indicate a significant difference at P<0.05.

-4~ Control' Sourness
10
unit, level
—o— M-BRA .
6
Bitterness Saltiness
8.5
Sweetness Umami

Fig. 3. Taste intensity of mustard leaf-contained broughton's ribbed
ark Scapharca broughtonii in tasty soy sauce (M-BRA). 'Control
means sample to be soaked BRA by commercial soy sauce. *Differ-
ence letters on the data indicate a significant difference at P<0.05.
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=% %F5}2](The Korean Nutrition Society, 2016)= 4] T
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Table 8. Results on the sensory evaluation (n=24) of mustard leaf-contained broughton's ribbed ark Scapharca broughtonii in tasty soy sauce

(M-BRA)

Sensory evaluation (score)

Shellfish product

Appearance Taste Flavor Texture Overall acceptance
Control’ 5.0£0.0% 5.0£0.0° 5.0+0.0° 5.0£0.0° 5.0+0.0°
M-BRA 6.0+1.0° 6.2+0.7° 5.9+0.5° 5.3£0.4° 5.8+0.4°

!Control means sample to be soaked BRA by commercial soy sauce, the score was set to 5 points. 2Difference letters on the data indicate a

significant difference at P<0.05.
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Fig. 4. Volatile basic nitrogen (VBN) content and volatile compo-
nent intensity (VCI) of mustard leaf-contained broughton's ribbed
ark Scapharca broughtonii in tasty soy sauce (M-BRA). 'Control
means sample to be soaked BRA by commercial soy sauce. 2Differ-
ence letters on the data indicate a significant difference at P<0.05.
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