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Inhibition of the Texture Softening of Shrimp Litopenaeus vannamei Pres-
sured at High-temperature in a Retort Using a Mixed Solution of Calcium
Chloride and Potato Starch
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This study was conducted to determinean optimal soaking solution for inhibiting the texture softening of shrimp Lito-
penacus vannamei pressured at high temperature (S-P/HT) in a retort, and also to optimize concentrations of 0.5%
calcium chloride (CC) and 5.0% potato starch (PS) for preparation of a mixed solution (MS) and soaking time (ST)
in the MS. On the basis of the results of expressible drip (4.6%), water holding capacity (95.1%), hardness (18.4 N/
cm?) and sensory texture (7.2 score), the MS was found to be the optimal soaking solution for inhibition of texture
softening under S-P/HT conditions, The concentrations of CC (X, %), PS (X, %), and ST (X,, min) were selected
as independent variables, and hardness (Y), springiness (Y,) and sensory texture (Y,) were selected as dependent
variables. The optimal conditions of X , X, and X, were 0.51%, 6.34%, and 364 min, respectively. Under the optimal
conditions, the experimental values of Y, Y, and Y, were 18.3+0.8 N/cm?, 4.4+0.3 mm and 7.7+0.2, respectively,
which did not diffr significantly from the predicted values (P>0.05). In conclusion, the optimized models of X, X,
and X, for the preparation of S-P/HT using CC-PS were suitably fitted.

Keywords: Heated shrimp in a retort, Litopenaeus vannamei, Pacific white shrimp, Shrimp, Texture softening in
shrimp
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o] TG, 0.5% (wiv) etz -8-2(pH 7.0) #] 2] 2ltte]
M-5--] 78-5- CC, 0.5% (wiv) Febda} 5.0% (w/v) £k 4
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Table 1. Code and explain of sample used in this experiment

Code Explain

Control Sample untreated in soaking solution

LJ Sample soaked in 25% (v/v) lemon juice (pH 3.0)
CA Sample soaked in 0.5% (w/v) citric acid (pH 3.0)

AA Sample soaked in 0.5% (v/v) acetic acid (pH 4.0)

Sample soaked in 5.0% (w/v) Transglutaminase
(TGase)

cC Sample soaked in 0.5% (w/v) calcium chloride (pH 7.0)

CC-PS Sample soaked in a mixed solution of 0.5% (w/v) calcium
chloride and 5.0% (w/v) potato starch (pH 7.0)

TG
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2101 MINITIAB E7| 3 5 T3 (MINITAB Ver. 18; MINIT-
AB, State College, PA, USA)S- 0] 8510 A A3t &, $4]
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27 17719 49 2ikE B2 SYuset F4us 45 7
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£ Ef|2 2@(model), 133}(linear), 22} (quadratic), 1&}
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kyo, Japan)E F1I texture analyzer (CT3-1000; Brookfield,
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Table 2. Symbol, experimental range and values of the independent variables in the central composite design for optimization of inhibition

on the texture softening of Pacific white shrimp Litopenaeus vannamei under soaking condition

Coded levels of variable

Independent variables Symbol

-1.682 -1 0 +1 +1.682
Calcium chloride (%, wiv) X, 0.05 0.23 0.50 0.77 0.95
Potato starch (%, w/v) X, 0.96 2.60 5.00 7.40 9.04
Soaking time (min) X, 57 180 360 540 663
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Fig. 1. Hardness and F value of shrimp Litopenaeus vannamei
pressured at high-temperature as affected by heating time at
121.1°C. 'The different letters on the data of the same item indicate
significant differences at P<0.05.
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Fig. 2. Expressible drip and water holding capacity of shrimp Lito-
penaeus vannamei pressured at high-temperature in a retort after
soaking in various soaking solutions. 'The different letters on the
bar of the same item indicate significant differences at P<0.05.
2Sample code (Control, LJ, CA, AA, TG, CC and CC-PS) are the
same as explained in Table 1.

919 OLHP<0.05). UheIA] 55 9} He] Ak rrel 49§
o] &Rl 2o 7}k gl ATHP>0.05).

7] 89 6%l 217t WARS T nLIRE Helgk Aot
9] H482.90.8-96.2% Y=, thZT-2] 89.2%9] H]5}o] I
£ o4 0 2 S olrh(P<0.05). 1A £ 650] 217} A 2ok
5 e/ et Al gake] naele sy ol A2 A
0] 96.2%= 7HY wokoH, thEo e 23 89 X2 Al
4 (95.1%), Bl =5 & A2 A-4H94.7%), oOFH EAE BN
A2 Ap-2H(94.1%), T+ AAE 89 A=) AJ9-41(93.1%)9] <=0
¢]. 2™, transglutaminase -8-24 2] AJ-p-4+0] 90.8%= 714+ &
Atk sARE A & 652 Defsto] AA 2 e & 127k}
A7 A4 7b0] B2 e ot Gl 72 K943} o
EAF-&H A 2] A TE, obA| EAR B8 A 2] AL, s
A Aok Bl 27 8ol A2 A Tk 23 8 A A
4k @skag el A9 70 44 §0)49) ol gtk
(P>0.05). 3, Choi et al. (2016)& pH 3-72 243 oA E
2k -&Hof| HARE 12 7+E A= pH 4Hd 3t A& o T
ol 5ol WAlsle] -3t 850l WSk Bag ol
Q)0 Tammatinna et al. (2007)-& Sche]Af<$-9) transgluta-
minase 7} & A5} EAo) g Ao A transglutaminase
W} 57} S71E AEEUL Aasta siglon, of
= S- 25R0.2 Qo] el -bako] 15191] W]
2par 2 gk v gl

o] o] Atz w|Fo] Kol HA| Gl 650 717} A A gt
T mesle Aela Al JEEYT BeT e WA A
2] Aj9-4ko] A e A eAETT R o)A o2 951glal

(P<0.05), HA] A2 A4k 63ke] A9 Askats g Aol
A AL £ o] A Ae] 2180 2 Ssigieka 3

5] 9 THP<0.05).
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R &zlof elgt D27t XM2| Ml ZE{Z| Het

Afake] a2k Aol &gt E4 Aot JA A=E AT
& B0 s oA A BN 65(25% dlvts &4, 0.5%
TFAAE 8l 0.5% O EAF 89, 0.5% transglutaminase -§-
N4, 0.5% Aol & B 2ok -goll)of| AA gt vh& 27}
o A A4t 24 AEet Ie A 2o R AT
A= Fig. 33 Ao} Al 9ARE A 89 650 22 HA 2
3t & 1.2719F A 2o A 9-AFe] A= 12.2-23.8 Niem? Y]
2, 279 JA] BN T2 a7k A2t Af--ae] 9.9
N/em?e] v]sto] L= A 2] tof| A §-2]2 0 & =9k TH(P<0.05).
A BN 652 Gefsto] A2t & a27kef A2)gh A
o 7ol A= dabde 89 A2 A9-4e] 23.8 Nem’ e &2
A3 7P =okon, oo 2= S9t 8- A 2] A4 (18.4
N/em?), & 25 -8 A 2] A--AH(17.7 N/em?), F+AAE &4 ]
2] A-0-AH(14.0 Nfem?) 2 OpA| EAF &0 2] A Ak (14.0 N/
cm?) 9] £=0]¢] 01, transglutaminase -84 %] 2] Aj$-Ato] 12.2
N/en? 0 2 7 okt apA|ut 12 §9 652 Fejato] A
A2 ek & 2 7keF A2t A 7He] A = AR 8- A
2] A Atk ob A EAL -G A 2] A 7E, s A2 A
A9 ook 8ol A2 A THe] A -9 A%l Atol 7t gl dek
(P>0.05). dvtd o= stz Thild faks Abo]o] Aks
S A e EA RUR S b= R PN E e i LR P e e g
L A7 /ol Folste] PAS 7HAIA ekl g A Slek
(Mulvihill and Kinsella, 1988). 0]} Zro] &}z -g-oof 2]
A5k A 9-2ko] =7t 71 s 21 Tl O] carboxyl group
o] Yetl= S48p7F oL, Zgol29] st o] 59 24
S} Ato]E 7hL oS St At e 2 E A%t HEY
-2 5117 W Zol 2t ke Sitk(Park et al., 1995).

A &N 6F= Hefoto] AA 23k 3 L2719k A 23k -
AP0 A 22 T g el A4S S o & BhaL, o] i

SR AR - 9K 0 &, o] Kt 3t A4 A9
17 0= gristeleh. A Y 655 efsto] AA et & 112
7heF A e] Aol B A 2 A 3-89 A2 Aj Ao
712808 7P Eokon, th3 0 2= ¢lshds 8- A2 Al¢
2H6.6%]), dlEE 8N A2] A2 6.27]), oM EAE B0 A
2] A9AH6.17]), %14t 8- A 2] A|9-4H(6.07)2] =0l 3o
™, transglutaminase 8- 2] Aj-p-Ato] 52780 2 714 Uk
THP<0.05). }A|9E R A 80 655 Delste] AA gt & 1L
27FF A gk A 7he] s A 221 AL -8 A2
A4, oFA| EAL -8 A 2] A4t B el 2] Afeat 2F
O] - -2l 2l Zpo) 7} gl Th(P>0.05). ?h, 524 22| 3F
2 A= 7MY =k ek 8 A 7] Ao
A 2] A--Abof| Hsko] Wol=t], o] = d3bds 80 A2 ¢
o] 749 221 7o] mragto] wpskal, thA o] HEg R0 7
- AsHE Q7] whiZol ek It Qi) o] ] A e-4te] ot

s 2A70] At wok YA 89 6% 242 AHeet

ot
%
oo
12 d

O Hardness (N/cm?)

[ Sensory texture (score)

T
O = N W & OO N © O

Control LJ CA AA TG cc CC-PS
Sample code?

Fig. 3. Hardness and sensory texture of shrimp Litopenacus van-
namei pressured at high-temperature in a retort after soaking in
various soaking solutions. 'The different letters on the bar of the
same item indicate significant differences at P<0.05. 2Sample code
(Control, LJ, CA, AA, TG, CC and CC-PS) are the same as ex-
plained in Table 1.

3 T271r A2l A 9Ake] Aot WA A M) A
2] Al gAto] Bxe] A gATh T A 7ol A tr

minase §90.5 A 2|5k A4S A|ofsirk wE oo
2 9431 AP<0.05), WA A A4 657k0] A9 E
8ol #2) A 9-Ako] 713 H 2o} ke 9lc.

x| Mzlof olst eIt X2l MRAre] ojMTE 24

AjAFe] 27kt A 2of ofgt &4 A5t AAl AEE A
B B0 A AL, AA) G102 AN ShA g 3L
7Ft A g] A AT th Rt 1 ar Afae) ALk A2
SR8 At AL 1 St e 5 g0z
At & L2719k AP ek A A} 2 3% S T
AR e 0.2 ul| 728 AT ATH Fig. 49} 2. 2
A Gl AAg= F20laL, A2 5hA] & A
wlA P gl o] ofuix) glob FESIT 2T
A9 242 7H13 Qloleh A4 ol WA A om 1
2718k A 2Rt A4S v At 2= RS sk el
Felo] 45 WhAIste] Sl A B 4 QlglE v, B 8
ooz Hele Aarel AP Aszgol Al eate] g
U 24 Aolo] 71 A5 A S
Ao 37 9 AA A o2 ARt s olojA e FHE
Upeh 20 2 Uepsth. gh, Aj9-Ate] o] hate] Choi
et al. (2016)2 A4S LA G 02 Ae|oh= A4S L5
of pH7} 4Hshglol wet 27 0] 4:3o] ot Ak U5
F27F A= B a1g v) 91 0w, Mulvihill and Kinsella
(1988)> Aol Aabzd<s A 2|A] ©hilld E25 Afo] 9] 7}
B AY FYOE S F7PAICRL B g bk glek
D271 M2 M4 Ast AMIE et &K 3™ z|Xst

TR} 2] AlgAre] g} oA Sl WX T A
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Raw shrimp

Control

CC-PSY

Fig. 4. Scanning electron microscope of raw shrimp Litopenacus vannamei and shrimp pressured at high-temperature in a retort before and

after soaking in a mixed solutions. 'Sample code (CC-PS) are the same as explained in Table 1.
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HE
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53k golo] AXAHE ¢15ke] Table

53} 23 179 A= SEHRR[HE(Y),
SEPA(Y,) W sd 2A(Y)1E 5743 27 Table 33
t}

Askte BEX), AR FE(X) ¥ Zd g9 3
AAZHX, ) gelsto] AA et o 12719t A st Al$-
Aol Aw(Y,), SEA(Y,) 2 T 2AFH(Y,)l tigt At
Z|(Table 3)Z o]-&sto] MINITAB programs F-53}¢ich.

Table 3. The central composite design of independent variables
and responses of dependent variables

Coefficients Run Codedvalues  Dependent variables
assessedby  No. X' X, X Y2 Y Y

2 3

1 41 1 1 120 39 58
2 +1 1 1 159 36 64
3 1 +#1 -1 108 44 63
Fractional 4 +1 +1 1 145 41 68
factorial design
(8 points) 5 -1 -1 +1 16.8 35 6.6
6 +1 -1 +1 244 33 70
7 1 #1 +1 153 40 72
8 +1 +1 #1213 37 74
9 168 0 0 135 39 65
10 +168 0 0 230 35 68
Star points 11 0 -168 0 197 36 6.1
(6 points) 12 0 +168 0 167 46 75
13 0 0 -168 100 47 6.2
14 0 0 +1.68 208 38 7.2
_ %5 0 0 0 184 43 77
geggiﬁ'tsf’)m”ts 6 0 0 0 181 42 78
17 0 0 0 187 43 77

MINITAB program®] RSREG (response surface analysis by
least-squares regression) 2 A1 &3} 8o 0 2 A3t 5
L2 7RRY A 2T Ak H=(Y), HEA(Y,) B B =
Y el Bt Ak (linear), ©%F&H(quadratic) B w2}g}
(cross-product)} 7+ oz} 7FA] 22} 3| HLA A Y] AleE
I} o]l 59] F-o4dS AT A= Table 42} 2t} MINITAB
&7 21719 RSREGE 243 tlolE & &g-sto] A
2 & digh 7 359 P-value= H&E(Y )9 B¢ ¥
2R 3E(X,, X, X)), o1A 15X, A} 15X X))o 2
T 5%, HEA(Y,) B9 G 33X, X, X)), o1&k 1
FTX)Lr F 4%, B 2ATHY )Y 85 4 35X,
X,, X)), 0|2} 3FX L XL X)) e ' F 659 1940l ¢l
A E ATHP<0.05). webA, debds F=(X), AR 5
E=(X,) % &g o] AKX, e EElste] A=t v
ALY A 2T Ak H(Y), HEA(Y,) ' B =

Table 4. Estimated coefficients of regression models for dependent
variables in processing optimization of inhibition on the texture
softening of Pacific white shrimp Litopenaeus vannamei

= Y Y

2 3
Coeffi- Coef- Coef-
cient ficient T value  goent

Intercept 18.454 0.000  4.279 0.000  7.731 0.000

P-value P-value

X, 2722 0000 -0.130 0.015  0.161 0.008
X, 0.897 0001 0262 0.000  0.312 0.000
X, 3431 0.000 -0221 0.001  0.336 0.000
XX, 0.240 0247 -0242 0001 -0.376 0.000
XX, 0.257 0217 -0.101 0.058 -0.323 0.000
XX, -1.247 0.000 -0.048 0.318 -0.358 0.000
XX, 0.225 0351 -0.013 0.820 -0.038 0.531
XX 0.750 0013  0.013 0.820 -0.063 0.309

XX, -0.250 0.304 -0.013 0.820  0.013 0.833

'X, (Calcium chloride, %, w/v), X, (Potato starch, %, w/v) and X,
(Soaking time, min). >Y, (Hardness, N/cm?), Y, (Springiness, mm)
and Y, (Sensory texture, score).

'X, (Calcium chloride, %, w/v), X, (Potato starch, %, w/v) and X,
(Soaking time, min). >Y, (Hardness, N/cm?), Y, (Springiness, mm)
and Y, (Sensory texture, score).
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2H(Y )2 W—E%‘%X A& ool I (P<0.05)== &
THS UERE 49 Y =18.454+2.722X,-0.897X,+3.131X,-
1.247>g2+o.750X,>g (R>=0.976, P-value=0.000), Y,=4.279-
0.130X,+0.262X,-0.221X,-0.242X > (R>=0.867, P-value=0.002),
Y,=7.731+0.161X,+0.312X,+0.336X,-0.376X,2-0.323X -
0.358X2(R?=0.932, P-value=0.000)} 7t}

Aoz H’ér TEX), FAARE TEX) 2 &3 &

Table 5. Analysis of variance (ANOVA) of regression models
showing the effects of independent variables as linear, quadratic
and cross-product term on the response variables for response of
dependent variables for soaking optimization of inhibition on the
texture softening of Pacific white shrimp Litopenaeus vannamei

P-value
Dependent , . Cross Lack of
Model Linear Quadratic -product fit
\A 0.000 0.000 0.002 0.048 0.151
Y, 0.002  0.000 06 0981 0.103
Y, 0.000 0.000  0.000 0.657  0.089

1Y (Hardness, N/cm?), Y, (Springiness, mm) and Y, (Sensory tex-
ture score).

AKX )& Erefsto] AAelgh kg 1.e7ieh Aelah Ajoat
2 915 712 WS MR A 0 Eluiso} F4uid 710] A
TS ANOVARA 0 7 At A3l= Table 59F 2t} 1L
271} Aelg Al e-Ate] 1t oAl WA B4 AAsH A
5, AR 9 E7 G000 WA AR E Sla v m A
AE(Y )2 A 9:_1;}6} o|xF} Wl WAL M= 9 o]0
o1 oq.(p<() 05)’ = 4(Y ) gl =] le71—(y3)94 7z
¢ QR Wl o] Ak o)Al QR ET, MAFE &
o} o] Q1 |A] QIITh(P=0.05). T-871ekA 2] A $-Arel gish
oAlg AA) A A PBL, AAAE W B3 Sole)
AAAE 95 e ug A4 mae] 45 2ol A% (ack
of fit test)> (Y ), (Y, 2 3 2AZH(Y,)ol 2
7} 0.151, 0.103 2 0.089% W5 0.05Kc} o Agkolr e
2 7hE|¢lck(Isa et al., 2011; Shin et al., 2020). F%=(Y,), &
(Y)W B A 2AZY)S ZAARRY)7E 247} 0976,
0.867 X 0.932%, 19| 7}7F9-1, model Zro] Z+2+0.000, 0.002
9 0.0000.2 0.05K ) o}, A7 Hgo] B Agst A o7
UERGTHZhou and Regenstein, 2004).

] 127]_01— X.]ﬂ /\H OM—‘J /\171—0 3} }L,] xlz] x.]g]

o] 2Jale] A E=Y|, I AT = oS EAT,] vl g o} 2
Azbol wkek Set3) erebal 4 qlk, e e A At 4]

rlo

3+

Table 6. Optimal soaking conditions predicted for preparation of inhibition on the texture softening of Pacific white shrimp Litopenaeus

vannamei obtained by MINITAB program

Dependent variables Value X/ X, X,
Target  18.0 168 0.0 168 18.0 -168 00 168
283
2
Y, Coded 168 1,64
Actual 095 56 8.94
Target  Max -168 0.0 168 gy Max
47
Y, Coded -0.36 25 1.41 -1.68
Actual 0.40 23 8.38 58
Target Max Max -168 00 1.68 Max
7.9 7.9
Y, Coded 0.15 0.49 0.46
55 55
Actual 0.54 31 6.18 31 443
Multiple response ~_ Coded 0.02 0.56 002 o
optimization Actual 0.51 6.34 364

'X, (Calcium chloride, %, w/v), X, (Potato starch, %, w/v) and X, (Soaking time, min). Y (Hardness, N/cm?), Y, (Springiness, mm) and

Y, (Sensual texture, score).
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o] A AIZhel ek 22k o] 5L BAlo| W
4 Sl Seltisne] 2202 5 B0z ol 4
Tk 2702 44 o3 MINITAB 54| L2132 153}
o] d& =HH M2 oS4 Table 63} . A&
7Fek A 2] Afe-Are] 3 (Y, 18.0 Nlem?)E #13 HAF
BB FEX,), PR FEX) R &g gole] 47

AIZHX)19] 2472 R 2 gk(coded value)o] 717} 1.68, 1.64
9 -0.350]%11L, o]& AAZH(uncoded value) 2. 2 SHiksl= H
L Z+7F 0.95% (wiv), 8.94% (w/v) W 2978013111, =1 &
gjxﬂ(y gqq.]%k Kol 5'3_]‘5‘]— ilx]:'_ﬂ[oﬂ@r;g% L-:_E(X ) 71—;(]_@
BrX) @ 2ggl ﬂmlﬂ(x el HHgre gk
4 -1.68°]3111, o] = *‘Zﬂﬂofn' kst
<> 7—}—. 40% (W/V) 8.38% (w/v) 4l 5850]¢] , =
=7 _71\_3]71—(Y3’ 1:H7l—)._ Q3 A x]_:_ﬂ[odgpl-/\ =T
AR BE(X,) D B3 F 9 HAAZHX, ) 27
Z¥7F 0.15, 0.49 2 0.460]%111, o] & AA|IZLS
73‘—?— Z¥7} 0. 54% (W/V) 6.18% (w/v) & 44350]
2 97t AR(Y), &
E%]’%](Yz o =z 5;7}(\(3)2 E‘: 223} 5 9l =y

[odgpv\ l"—E(X ), AR E l"—E(X ) gl 35} g.oio] 2%
AZHX )19 2702 Fa ko] 9 2421 0.02, 0.56 X 0.020] %
1, o5 AAFre 2 3takst= 79 242 0.51% (w/v), 6.34%
(wiv) 9 3645-0] 9c}. 24 iﬁ[%‘ﬁ?”‘ 0.51% (wiv), 77t
715 6.34% (wiv) T AL 364810041 HA A H 2 18
719k A 2iet 94k ol 5 23} 2122 Table 72} 2.
HH 204 FAA LG T 1Nk Helgt A9k A
= == 183+0.8 N/em?, BHE A2 4.4+0.3 mm, 54 =
&‘Z}S 77402802 =291 A= 18.0 Nlem?, €14 4.4
mm, TH52 227} 7.8 ol 1]5to] 59122l Zpo]7} Q%]
AERITHP>0.05).

o] A%} A& A x| ZLA F*% p;]_( 1—_/&\_ AAE 1 585t
SN
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7L o

=7 2t oA 825

Table 7. Experimental and predicted results of verification under
optimized soaking conditions

Dependent variables - Data -
Predicted Experimental
Y, (Hardness, N/cm?) 18.0% 18.310.82
Y, (Springiness, mm) 4.42 4.4+0.3°
Y, (Sensory texture, score) 7.82 7.7+0.22

'The different letters on the data in the row indicate significant dif-
ferences at P<0.05.

olAbe] Az n|of Mo} ANH WgEW B
S A2 Ag-Ake] AlstolAlE Slat 24 ) WX FA
AR 9 E3-§0l0] HAAIZH melo]et gt
2102 AHSI % A T4 A 2

=71t A 2|7t Aol wisto] E4d0] 4

P, S-S T A AR E A Xli A B el T
ok SR80 AAEAS ASHe A9 B4 ASE s

o7 71532} e e,
A A

0] :=F.2 2022\ & Bl|ofAE Al o & ok Alulelr] 4

715 o] AL ot =aE AA(PIT201662, MZA|H 4
3 7 A 714 A8 HMR 4745 70 9 AR
3}.
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