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Development and Quality Evaluation of Scallop Patinopecten yessoensis Analogs
Based on Golden Threadfin Bream Nemipterus virgatus Surimi
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In the present study, we developed a surimi-based alternative scallop Patinopecten yessoensis adductor muscle prod-
uct by using tapioca starch, strong flour, and textured soy protein (TSP). Surimi gels with alginate showed markedly
poorer textural properties than the scallop adductor muscle controls owing to the absence of divalent cations. Strong
flour improved the gel strength but resulted in a tough texture, whereas tapioca starch improved the softness of the
gel and helped achieve shear force levels comparable to those of the control at 3.0 wt%. Based on these findings,
we developed an optimized formulation of tapioca starch (3.0 wt%), strong flour (3.0 wt%), and TSP (1.0 wt%).
The optimized product showed no significant differences from the scallop adductor muscle in terms of springiness,
gumminess, and chewiness (P>0.05); this finding was attributed to the synergistic interactions among these three
ingredients. The paste pH (7.72) was suitable for stable gel network formation. Although the color values differed
significantly between the two products (P<0.05), sensory evaluation revealed no significant differences in 8 of 9 attri-
butes (P>0.05). Thus, the developed surimi-based product may serve as a sustainable alternative to scallop adductor
muscle, demonstrating comparable textural and sensory characteristics.
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U(Yang and Park, 1998), 2149t dx|2]& i AUt o
AUENA F2E JATe2N 2 A =S 7H = A
(Xiong etal., 2024). 2| e} o] n] S Z-&5ko] -2 A
gt =4d& % K (Park et al, 2025)7F HIlE = 5, 2]
o] 7]k tiA] AR Al NS s A 1, 7] sske
AT T =N 5o ZAIE HEAY 4 = XS

ook & A A= 9l (Nugroho et al., 2025). Le|L} 422]u]
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2021), Thek Ame) E-L 28 o] EAJSH A g 2
sl aao] FAo] At A o= zol 7+ 5 o] o= A4t
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2022; Huang et al., 2024; Zhao et al., 2024).
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rea)ol| 4] SA & A7 2]&(golden threadfin bream Nemipterus
virgatus) 52|11 FLJ3te] ds}t 30°C o]5te] Wsi(To-
gliere Tensione Prima; Larp S.R.L., Genova, Italy)ol| A A%}
stol ALgelich. 2 AT A4 7helu] o] B4 W s
E4S BASIR g on e, Ao dagem sl B
AS AMESEATE 2= AREE HeE] A AR
H(Seoul, Korea)ol| A @5 7Fe] ] TApAES Faljsto] 12-14 g
A AL A,
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o] Silent cutter (ST11; ADE Co., Hamburg, Germany)®] %
AL ek t(Kim et al, 2022). 49k =2fnjof] A F5F
714 2%(Hanju Salt Co. Ltd., Ansan, Korea) 1.0 wt%, A&
(CJ CheilJedang Co., Seoul, Korea) 1.5 wt%, 214+ E314|4]
(MSC Co. Ltd., Yangsan, Korea) 0.5 wt%E 3715}t 117]
Zro|2 ol YRS T3 T 4°Col W 33.0 wtte, 27 T}
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Wohstol 4:2)u] SRS Az, 2 H7HE g 5
Az FA AP A-H(Na et al., 2023; Kim et al., 2024; Lee et
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=249l 48 Fo] S27]|(DICK 15LB; F. Dick, Metten,
Germany)o|| FX18ko] 22| 71325 A48} PVDC cas-
ingof] %%13}¢] sealing machine (PACKNER HRPS2; MAX
Co., Tokyo, Japan)oll Al Z2s}eict. F21% 4-2jul 2l
= (DDW-WBT110; Dongwon Scientific System, Seoul, Ko-
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A= 9] E4JL2 Texture meter (TA-XT plus; Stable Micro
Systems Ltd., Surrey, UK)Z AHga10] Z4akoic}. eju] &
A= A5 6 cm] 218 8711 A/BE (back extrusion probe)
£ o] &3] A|ZZ 60% Hol test speed 1.0 mmy/s, strain 40.0%,
trigger force 5.0 g9 2714 53] old T Y& HAES
Aegsto] A (firmness)t %2 (adhesiveness)] HoH4k
S Aakskgich 71 4=2]n]= P/45 (45 mm diameter alumi-
num cylinder probe)E ©]-8-35}¢7 test speed 1.0 mm/s, strain



eju] 719k 7k ] Bk oA Al A 3 S 57 183

z
C

5,000

= ~ -140
£ 4,000 £ 120
Y] 7
Z 3,000 g -100
s S 80
8 2,000 z 60
c
° ©  -40
£ 1,000 <
, b -

& b 2 20

0 0

0 05 1 Scallop 0 05 1 Scallop

Alginate concentration (wt%) Alginate concentration (wt%)
(E) (F)
— 3,000 ~_'3,000
5 2500 "g 2,500
Z 2000 S 2,000
2 1,500 % 1500
£ £
g 1000 S 1,000
E 500 2 500
of )
o 0

0 05 1 Scallop 0 05 1 Scallop

Alginate concentration (wt%)

Alginate concentration (wt%)

(©) (D)

3.0 3.0
:E, 25 8 25
= 20 2 20
@ 7]
8 15 2 15
= a b 3
S a b
2 1.0 £ 1.0 a . b
5 05 O 05
n

0.0 0.0

0 0.5 1 Scallop 0 05 1 Scallop

Alginate concentration (wt%) Alginate concentration (wt%)
) (H)

1.0 3,000
o 08 © 2,500
46 g 2,000 a
g a “% 1,500
g 04 b ©® 24000 b
x n C ¢

0.2 500

0.0 0

0 0.5 1 Scallop 0 05 1 Scallop

Alginate concentration (wt%) Alginate concentration (wt%)

Fig. 1. Comparison of texture profile analysis (TPA) and shear force between surimi gels with different alginate concentrations and natural
scallop Patinopecten yessoensis. Each panel represents: A, Hardness; B, Adhesiveness; C, Springiness; D, Cohesiveness; E, Gumminess; F,
Chewiness; G, Resilience; H, Shear force. Means in the same column (a-c) bearing different superscript in sample are significantly different

(P<0.05).

50.0%, trigger force 5.0 g@] ZAA] 53] o]AF &= HAE
£ A5l A (hardness), FZd(adhesiveness), EFEA]
(springiness), -5-%4d(cohesiveness), 74d(gumminess), 4%
A(chewiness), =X (resilience)] Hw-4ke ATt A
T (shear force) test speed 0.17 mm/s®] 27AS2 A|RE
Arsto] ek (shear force) o] B#4h2 o] §3514ic,

oH =%

pHE A2 3 g0l 2822 27 mLE 7}8ho] 77| (Nissei ACE
homogenizer; Nihonseiki Kaisha Ltd., Nissei, Japan)E ©]-&
5to] 10,000 rpme] &R & 7F FASSE 10% S
AESETE A2 S pHA(TOADKK pH meter HM-
42X; TOADKK, Tokyo, Japan)& 33] o]4} Z43}aL Hgk
o= Akttt

M =3

A7 Q] Al = BsEAl Al (Colormeter, JC 801; Color Tech-
no System Co. Ltd., Nagoya, Japan)2 =73}ty 47k
S L* (%), a* (A D), b* (FAE)E o= Uehigich
Whiteness (YA =)= L*-3b*E o]-g-510] A4St =9
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taste), FZ7H(texture), 74 (hardness), ¥+ 4J(springiness)
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Fig. 2. Comparison of texture profile analysis (TPA) and shear force between surimi gels with different strong flour concentrations and
natural scallop Patinopecten yessoensis. Each panel represents: A, Hardness; B, Adhesiveness; C, Springiness; D, Cohesiveness; E, Gummi-
ness; F, Chewiness; G, Resilience; H, Shear force. Means in the same column (a-c) bearing different superscript in sample are significantly

different (P<0.05).

Aw, A4, WA, Ack o] 24 2 w7} AA 3] WA et
o} olefgt Zuk ak7I4e] Asto] Rk egg-box T2 FA
S 9J3 27} ool 2] RAjo] 7]elgh Ao AFREIL) 214
o o] FRA IRE, Ca T 2 34 o3 2o
ol 7k2547](-COOH) 7+o] 7t deks F8f Airgt &+
25 A3} (Lee, 2008; Kim and You, 2017). 4188 ¢1Lof| w}
2] oAk ARG S22n| S A8l H(CaCl) Eis B Ak
#(CaCo,) S9loll HA) AL uf 245 v A 2] ool
H|3] Aot FAgo] 7 sk tH(Kim et al., 2021). 1 A& o] 4]
L o7h2e A7) A] BHAY L_/F QL Ut Zo| MA T 251
areste] Fwol 7 ‘ s+ SHA] g3t (Lawless
etal,, 2003), °| 2 ?lOH Fefn| A Y| EQ o)A Aagt Aeks
FAoHA] SLotaL A 7hel] BAF AlE 9 Aghe 3] ¢
AT e Aoz T E QI weba o] & Ao M= T
WA Y EHT B AE dA B aE 7 de 4= Qe
Zre B gl gl e} AES A0 7 2F H|o]|AS Gy
tH(Zhang et al., 2015; Mi et al., 2021).
ZEE W7} Hro] wE Saulu) Ao B4 WMk Fig. 29}
2t} 7ROl A7) =r ) ZU)EE 7:]5’ A4 IQ‘G‘IM o]
Z7Wke A Roou An, A4, K3l o Acke gk

[e] [}

-

[e]

= AL
Al 13

o4 thel Fpel] BApe oo e Szolglt
(P<0.05). o= 22 U] F5el chil o] S:eju] o] 1M G

chil a7t g PR A Frert iRl Ao
2 A2 E th(Zhang etal., 2015; Mi etal., 2021). =3+ FF8->
SH HOo Lo Holu 7} A BREHE 4B 0 20 o735}
L a9% 7)9)E 4= It Chung and Lee, 1996). 738l 5o] &

ﬁ}

Aohe AES e Sotal 71 Al B3ksto] e2ju| A v
Ef=o] EAste 5= AT TS rh(Wang et al,
2014). Lot izl Zhefu] ato] Hls) thas AX] é‘%“ﬂ
vtk S} SlefPark otal., 2025). O] 2 A8 gkl
7] Slstel R ATl 5 R B 5elol 40 e
1] @7} AES Hrislo] B4 HelE 7 &5+ ch(Huang et al.,
2024; Park et al., 2025).
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He= Ao wobe) o 23t e Aol A 5o {2
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ol oJal| P4 Azl AS A3 7= BAIE 7HAE 5= 9
E}(Yang and Park, 1998; Huang et al., 2024). o]} Z+o] E}5]
Q7R 3.0 wt% H7E7E AT ofl A df 2kl 7] b
of $AYet 0] RGOt A4, WA SolHE o8]
Ro1291 Zfol7k ZASHAHP<0.05). AL A 4= &
a4 om 27 e A7 Aol Uerts 7t 9l
1:,]._1_127]. \_Ef. HC 31 e} A171—‘5:>1_ B o]—Z]U} 74/\4 M]Ulklo]
A} 52220] ]3] 2] o B} Ak mabA E AE E
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Fig. 3. Comparison of texture profile analysis (TPA) and shear force between surimi gels with different tapioca starch concentrations and
natural scallop Patinopecten yessoensis. Each panel represents: A, Hardness; B, Adhesiveness; C, Springiness; D, Cohesiveness; E, Gummi-
ness; F, Chewiness; G, Resilience; H, Shear force. Means in the same column (a-c) bearing different superscript in sample are significantly

different (P<0.05).
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Fig. 4. Texture profile analysis (TPA) and shear force of surimi gels containing the optimized mixture (optimal, formulated with 3.0 wt%
tapioca starch, 3.0 wt% strong flour, and 1.0 wt% textured soy protein) compared to natural scallop Patinopecten yessoensis. Each panel
represents: A, Hardness; B, Adhesiveness; C, Springiness; D, Cohesiveness; E, Gumminess; F, Chewiness; G, Resilience; H, Shear force.
Means in the same column (a-c) bearing different superscript in sample are significantly different (P<0.05).

of7]o] 80| A4 HAHE BARE 5 Gl ZA T Fph
& 271510l oA Zh2lH) WA AES] B4 HA5E A

TH(Samard and Ryu, 2019; Zhang et al., 2022).
CHA| 7t2(H] 2K MES 24 £(Xs)

53 et el 07t Hite] 22 A B

g0
A ES

ST} BT A7 Holo] ATAO BE Hrjyro 2l
A7} e gRlsHt. A 7he 8] WAk v A
$7wae vjels e Welel Aear 728 AuT 9ok
(Nunzi and Franzini-Armstrong, 1981). 2] tfj =il 2. .5
N RS HEE 1T AR 7] T80 HEA A
2 @ARBH= Q10 ALE 1 9IeH(Zhang et al, 2022). wke}
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A 2 Aol A= TR A HAFSH] fiske] Bhul et A
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SCHFig. 4). 24 23, 7 =of AL 4eju] AlFo] ¥Ak
of vlsf -2 2] 2= WA ek 2 L(P<0.05) ©9 4, 214,
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7R 9 7ol sl AT A e AT T HeA o
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Table 1. Physicochemical properties of surimi paste prepared with
the optimized formulation

Optimized sample

pH 7.72+0.02
L* 76.3810.08
a* -2.4310.08
b* 4.71£0.07
Whiteness 62.26+0.25
AE* 13.22+0.24

Firmness (g) 1,201.77+63.28

Adhesiveness (N) -1,295.65+34.79

L*, Lightness; a*, Redness; b*, Yellowness. Optimized sample:
3.0 wt% tapioca starch, 3.0 wt% strong flour, and 1.0 wt% textured
soy protein.

(Lee et al., 2017). wrebA] 1 A|2.9] pHi= thA)| 712 B] A} A
F9] AR AV ELAE FAsh=t APe S AlF
Sz Ao & gtk o] SR M= 2E AR 9
T FA ) RS A 4= ok =ejv] sgo] Yokl s AM
T, S gl Mapgro] F7Fekal WAt 7} wrol 2| A Ew i
=5 AR 34 T Al Aol A =84 Tl S
uizlo] AAE4E oA A Hoh(Jin et al., 2007; Ahn et al.,
2019). & A-frollA Azt 24 27 StE w2 P et W
A o AME GME S el gl o o]= F4o] Hold
Fejn] A S0 AL 2E AlEe] B A 400 54
ARl FE & = vk 7+ A Aol A 9] A1/ (firmness)
7} H21g (adhesiveness)> HH5-2] 715 24, 53] Alo] A F4
F7gollA ] AT | fAIEE AFAE 2 29F A
Fo|th(Park, 2013). H& 24 2¢E2] A4S 1,201.77 g,
22 -1,295.65 No. & Urebytet. 424 9] o] B3 (-)=
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St =eju] 719k Al OE A8 A5 Hl sk 55k
L 52 =50] 1 tk(Seo et al., 2021; Kang et al., 2023; Na et
al., 2023). 7} A 4=2|n| 2hE9] A4 A H2Hd
chilz M Eg A R 5 9 RAYRE Ao s Hgd
4= AL A2 | 527} 7Fs5HA| Seh(Somiid et al., 2022;
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Table 2. Comparison of color values between natural scallop Patinopecten yessoensis and the surimi-based scallop analogue prepared with
the optimized formulation

L* a* b* Whiteness AE*
Scallop 86.67+0.16° -1.6540.152 6.70+0.212 66.58+0.67° 14.3040.222
Optimized sample 87.67+0.162 -2.49+0.08° 5.15+0.14° 72.21+0.532 12.79+0.17°

L*, Lightness; a*, Redness; b*, Yellowness. Optimized sample: 3.0 wt% tapioca starch, 3.0 wt% strong flour, and 1.0 wt% textured soy
protein. **Means in the same column (a-b) bearing different superscript in sample are significantly different (P<0.05).

Table 3. Sensory evaluation scores of the surimi-based scallop Patinopecten yessoensis analogue compared to natural scallop

Color Smell  Fishy smell  Taste Abnormal  Texture  Hardness Elasticity Preference
Scallop 6.20+2.30° 6.50+2.01* 5.90+1.91° 6.80+1.81% 7.50+1.65° 6.40+2.012 5.60+2.07° 5.80+2.20* 7.00+1.49°

Optimized sample 7.60+1.35 6.80+1.75% 7.50+1.27% 6.70+1.70* 7.00+1.94° 6.70+£1.83° 5.80+1.23% 6.90+1.372 6.70+1.64°
*®Means in the same column (a-b) bearing different superscript in sample are significantly different (P<0.05). Optimized sample: 3.0 wt%
tapioca starch, 3.0 wt% strong flour, and 1.0 wt% textured soy protein.

etal., 2003; Jin et al., 2007). 0|2} Zro] K o-Lof| A A| 235t =
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