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Surimi has been widely investigated for developing fish snacks; however, few studies have examined the optimal
drying conditions of surimi for fish snacks. This study used a response surface methodology to optimize the drying
conditions for the overall acceptance of fish snacks. The drying temperature (X, 51-65°C) and drying time (X, 1.5-
2.5 h) were chosen as independent variables. The dependent variables were overall acceptance (Y, points), hardness
(Y,, N), moisture content of the dried intermediate product (Y}, %), and volatile basic mtrogen of the fried final
product (Y, mg/100 g). The estimated optimal conditions for overall acceptance (Y,) were X =64°C and X =2 h.
The predicted values of the dependent variables at the optimal conditions were overall acceptance (Y,)=8.60 points,
hardness (Y,)=10.07 N, and moisture content of the dried intermediate product (Y,)=10.00% and were similar to the
experimental values. Scanning electron microscopy images revealed that the drying conditions affected the micro-
structure of the fish snacks. Our results could be used to increase the productivity of fish snacks made by small- and
mid-sized seafood companies.
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M B S ‘?:“’U% Et B RRE AFEE= AR 5% 992 vzl
th(Jin et al., 2007). | A AGE 083 A4 ofxfo} 7]
A (surimi Ei= fish meat paste) 1%, AL o1 oS 1o Tk AlE0] AHESIE0 0], BE ATAS
AR, ]S AW & Thofsl LA EAIES] Q3 YRR o] o 9] H’%“d?ﬂ Ao ZAEN A}l A 2TA sfarel L
$53 Ik AAASE o150 o 0 4] AL B 7t 2t o] 2ol 31 glek(Ramesh et al, 2018). A%
BA% YA 52U+ SFAIAE 210 A suje] 7g g e QuoR 1) 4G RURS A7)
Fth(Heu et al., 2011; Oh et al., 2018). A A2 E4 3} 5 3 5 E43 e AYel= 34, 2) AdE Taee A
T A e, e, WAL, BaEmo) ok Tl ol 24 Zot= 574, 3) A2 SA MHAIES S AU A st
=], Yuta o g WS of 77h FHo] o Aog o o HFAES PAlot= TAHLE s 4= Sk ?Ol, Azxs
7] Qltk(Park and Morrissey, 2000; Sampels, 2015). AJ A1 8- Aol zAof whgf AAS Ao fREEF A WA %
= O] &R AR S AT oJF} AKX FTEol 7P E A zto] Mok A sto] A A Avo] FH o] FakE vA|
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572 A48

7| Elth(Debnath et al., 2003). AZZA0] A 2
ol thgt FaFoll thet A7t Faetol| = S5kl 21 5<t
AE AGL7F A o] Fo x| 2] gkt 3, ARbA <l A
AUl A 23 F SHLES SHA HAEL
gt oA E o, £ AFE B
St A vhA Rl A AR S B
Aoz Atz

2 AtolA= S
ol AETHS AXEE W
2UEE sjglon], 7| EEA B AHAG AU A2 5
Us HHXRAE SIS A 7H e R RS EHEA
H(response surface methodology, RSM)& o|-8-3}501, &
PR = 1225 (X, C) ¥ AXAIKX,, h), TEHSR
= A 715=(Y), FE(Y)), SXHA vHAIES 2k
(Y)4 VBN (Y)& AAstelt) dxxdo] & 240 &4
Hsto] ol dobr7] flske] F=ARIAIE |7 (scanning elec-
tron microscope, SEM)2- 0]-85}0] AL AWM |y FL2E %
Apstiet. ol Bste] AR A A% A AZEAL HA
sfsto] 2UAIES) RS F7H17) 1% sk

Iz H A
M=

FU=R Ye|(Theragra chalcogramma) Y5 A8 &~
7t RASHORE G)HEFA(Busan, Korea)oll A 7-5HiTt.
el WAL Aol AEEE FoF -80°Ce] ALeEAR
(CLN-52U; Nihon Freezer Co., Ltd., Saitama, Japan)oj| 4] &
webHA Aol ARGkt FEA P A AS AW Az
off ARG-E et Hlo]Huhe-tl = ) 2571 (Anyang, Korea)
oA, &g G E(Seoul, Korea)oll A, & &2 ()
A}l %I(Seoul, Korea)ol| 4], o] 7l =3k o] #=
FM&F (Goyang, Korea)oll Al Z}2} 4-¢sto] ARE-513Tt. o
Qo Mo ARE 2 AloF A Sk Ae B4 Tua A
|53t
e AL KX

HE) AU W WsAS(57.5 g), F AE(1.5g), &5
(1 g), WolRT$-H(1 g), FEN7HE2.5 g), AAG28.5 )&
AAH]-& = silent cutter (5 L; Goodprice Foodmachine Co.,
Kimpo, Korea)ol| L Z45HH A =3stoict. ofuf ey ¥
EQ9-S WA 5 min E45} U 2] LU R E 330 AA 1t
ol Arigto gy agFor ANt AYege 4l
2 T 9ol 1 mm FA|19] EFZedd APES 2
=2 5 53y ARE FA O ki At o] o
F71%7](WFO-700; EYELA Co., Japan)ol| A 1% 7o) uh

2

CAA D - 7Y - BF - o)A S -

2H A A2 Ae AR O o] A7 eaestE o] w &
o3t YT 7% F 50°C, 20 min & 24 A=FH
S At ARHE YRE 190°Cel 7 71(BS-1820-DF,
BSW Co., China)ef|A] F 40 s 7t -2 2| 5}o] A s A

(central composite design)2 ©]-&s}o] AEL AA 5T
H®¥4=(independent variable) 2= AX2%E(X, °C), XA
(X, h)S 4733l on, F<814(dependent variable)=:
34 71 BE(Y,, score), AE(Y,, N), Z1HeH] wh| Eo] -2
TH(Y, %) R VBN (Y, me/100g)& A5t 47 ]
of me Ze s AL U ARARl] ojgt 255 W 2E
5} 7] 9FS AA| A 7S Table 10 e QI S w40

= o] A Y] 23S Edjz A= It & At 470
9] factorial points, 471 2] axial points, 37§ ] center points2 A
12 A5 Table 200 Wbl 117e] A5 EAA
ol A= Eo]7] 918 FAH9IA Rl Al = A E Qe

SSEHEAY S72A U HXs)

[ [ty = | =

T oo L i o

\ rlr

Table 29} Zro] A3ls Faf Hoixl LM )2 2
52 MINTAB S =2 13(Version 16, MINITAB, Penn-
sylvania, USA)& o]-gsto] £4st) o, thai 22 o]zt
3 HAS =&k

4 4 304
Y= Bt EfXAYE XY X B XX,
=1 =1 =1 =il

1714 Y 14 B A4, B By, B BT, X, X
Eligeo|ch, 441918 Aule] 4227 X251 MINTAB
FAIZ2 1319 response optimizers F3l o|Fo|FoH, F
Aoz 245 A2 elolx A4 AL Falol o]
A F4ig0] ghate) vl g Fa) 2RS40l 1he 4
Z51tt E3F 33 183 += MAPLE software (MAPLE
Ver.7, Maple Soft, Waterloo, Canada)& ©]-8-5}o] 24314t}

4=
AR AW e (hardness) S72 rheometer (CR-
Table 1. Experimental range and values of independent variables

in the central composite design for hot-air drying processing in
preparation of the surimi snack

Range and levels
1414 1 0 +1 +1.414
53 58 63 65
16 20 24 25

Independent
variables

Symbol

Drying temperature (°C) X 51

1

Drying time (h) X 1.5




AAS 2ve) Axz M) 573

100D; Sun Scientific Co., Ltd., Japan)2 ©o]-83}¢ o, =74 S HE o TAZ] £ 5% H,SO,E ©]-8-5to] pH 458 H A5t
2712 mode 20, load cell 2 kg, penetration speed 120 mm/ Aot BHAH 84S 100 mLE 4835111, o] & sample £-212
min, plunger diameter 15 mm (No. )&ttt #2912 A & o]8-5}3t}. Conway unit YAl o= 0.01 N H,SO, 1 mL, €]

10749 AgAue A RErio] &2 ¥ A=E 545k Al sample 349 | mL % %3} K,CO,5 | mLE 27} 47}
am SFL 25°ClA] 1 h §9F AR Whe-o] B ther wlel
brunswik Z A2k 1-24-2-2 1713} 5 0.01 N NaOH %43}

FEHF %) Al FREA7I(MX-50; A&D, Tokyo, o VBN gh& AF&atict,

Japan)E o]-g-3}0] Z 4319t Bt

|t A7 |EIA see

TiEe =rlE TeB7He FA sk A EF ot AFstehd YAl 24 22
3 712 A(volatile basic nitrogen, VBN)2] S42- 2] Alol| A 274 Atol 2] T E AR wd 10Q1(d/d 51 W o4 5

=5 49| conway unitS AGShe IFEMPES AR A wyg p4se] SR on, RE AL Y] W HES |

stel 38| Rb AABFATHMEDS, 2019). 243 AR 10 goll - 7k getelgley. P52 7] 5w o) Hwr) s o), 4, 3,

S 50 mLS 7Fste] 30 min S W & HE gt wpARHcrispiness) R FE 7|5 E0] ste] 9% B

2]7](1580R; LABOGENE Co., Korea)E ©-851] 1,107 g9 (14, jeba] wch, 54, Lpmz) e 2% otk 94, et

HE2 10 min §45 AHZE stk YAEe] = dolAe 2oz grlskdn). £5H8 7| 557} o HrIR el GA

Table 2. Central composite design matrix and values of dependent variables for hot-air drying processing in preparation of the surimi snack

Independent variables

Dependent variables

Number Coded values Uncoded values
X, X, X, X, Y, Y, Y, Y,
1 -1 -1 53 1.6 6.0 13.90 11.18 1.40
Factorial 2 1 -1 63 1.6 7.9 9.56 10.51 5.13
portions 3 -1 1 53 24 6.4 10.52 10.34 6.53
4 1 1 63 24 7.8 9.75 10.02 3.27
5 -1.414 0 51 2.0 6.8 11.73 11.00 3.27
Axial 6 1.414 0 65 2.0 8.8 9.55 10.28 3.73
portions 7 0 -1.414 58 1.5 7.2 13.90 11.90 2.80
8 0 1.414 58 25 7.8 13.63 10.62 2.80
9 0 0 58 20 8.0 13.13 10.08 5.60
gglgtt‘:r 10 0 0 58 2.0 8.2 13.24 10.02 420
1 0 0 58 2.0 8.3 13.68 10.07 3.27

X, Drying temperature (°C); X,, Drying time (h); Y, Overall acceptance (points); Y,, Hardness (N); Y., Moisture content of dried interme-
diate product (%); Y,, VBN of fried final product (mg/100 g).

Table 3. Estimated coefficients of the fitted quadratic polynomial equations for dependent variables based on the #-statistic

Y1 Y2 Y3 Y4

Parameters — — — —

Coefficient P-value Coefficient P-value Coefficient P-value Coefficient P-value
Constant 8.167 0.001 13.350 0.001 10.057 0.001 4.357 0.001
X, 0.766 0.004 -1.024 0.033 -0.251 0.057 0.140 0.729
X, 0.144 0.381 -0.446 0.258 -0.393 0.012 0.409 0.333
XX, -0.340 0.115 -1.673 0.010 0.182 0.192 -0.195 0.685
XX, -0.490 0.040 -0.110 0.802 0.492 0.010 -0.545 0.284
XX, -0.125 0.580 0.892 0.131 0.087 0.570 -1.748 0.023

X, Drying temperature (°C); X, Drying time (h); Y, Overall acceptance (points); Y, Hardness (N); Y, Moisture content of dried interme-
diate product (%); Y,, VBN of fried final product (mg/100 g).
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Fig. 1. Three-dimensional response surface plots for overall acceptance (a), hardness (b), moisture content of dried intermediate product (c),
and VBN of fried final product (d). X, Drying temperature (°C); X,, Drying time (h).

3 A Yelflo] g EAS 7 E T 73RS F454

3 7
(LV-SEM; JSM-6490LYV, JEOL Ltd., Japan)< o|-8-a} it} 7

Z¥ A|®E= 5A7127]|(CoolSafe; Lynge, Denmark)of 4 12
h ¢bds] Azstgon, feE ARE A5 A 15t
&1 90% petroleum etherol| 4] 24 h A 3 93] AT
ABE 1x0.5 cm A2 & 2oz Taste] AL 2+ 5)
% th(Nath and Chattopadhyay, 2008). AP AH 1] 742 o]
sho] 7} 29t 15 kVE W6k

Table 4. Response surface model equations for monitoring effects of the independent variables on the dependent variables in the hot-air

drying processing

Quadratic polynomial model equations

Y =8.167+0.766 X +0.144 X-0.340 X -0.490 X-0.125 X X,
Y,=13.350-1.024 X-0.446 X71.673 X20.110 X +0.892 X X,
Y,=10.057-0.251 X-0.393 X#0.182 X,7+0.492 X 7+0.087 XX,
Y =4.357+0.140 X +0.409 X-0.195 X -0.545 X 7-1.748 X X,

R? P-value
0.880 0.024
0.860 0.034
0.884 0.022
0.725 0.155

X, Drying temperature (°C); X,: Drying time (h), Y, Overall acceptance (points); Y, Hardness (N); Y, Moisture content of dried interme-

diate product (%); Y,, VBN of fried final product (mg/100 g).



Table 5. Analysis of variance for dependent variables

Azz7 243 575

Holgkil 2= FAA AL HA o2 =59 4= ¢lck(Bas and
Boyaci, 2007). 47}4] E& ol thigh AKX, X)), o12F}
(XX, X,X) % w2gH(X X)°| A= Table 39} ). X
TR0l gt AF<=(constant) Al4=2] 792 0.0012 F
AA & FoRt A o 2 UEHTHP<0.05). T4 Y, (T
A 715%)0] A X, W X X go|, TEHHUF Y, (Fe)Y F
X, 2 XX 0|, EEHUF Y, (FAHA WHAEY] = 9
)] 749 X, W X X 5to], T W Y (VBN %9 X X,

Dependent variables Sources DF SS MS F-value P-value
Regression
Linear 2 4.85959 2.42980 13.60 0.010
Square 1.59004 0.79502 445 0.078
Interaction 1 0.06250 0.06250 7.58 0.580
Y Residual
Lack of fit 3 0.84666 0.28222 12.10 0.077
Pure error 0.04667 0.02333
Total 10 7.40545
Regression
Linear 9.9854 4.9927 5.10 0.062
Square 2 16.6979 8.3906 8.53 0.024
Interaction 1 3.1862 8.3490 3.25 0.131
€ Residual
Lack of fit 4.7251 1.5750 18.60 0.051
Pure error 2 0.1694 0.0847
Total 10 34.7641
Regression
Linear 2 1.73673 0.86836 10.49 0.016
Square 1.37726 0.68863 8.32 0.026
Interaction 1 0.03062 0.03062 0.37 0.570
Y Residual
Lack of fit 3 0.41174 0.13725 132.82 0.007
Pure error 0.00207 0.00103
Total 10 3.55842
Regression
Linear 1.4936 0.7468 0.64 0.565
Square 2 1.6861 0.8431 0.72 0.530
y Interaction 1 12.2150 12.2150 10.47 0.023
¢ Residual
Lack of fit 3 3.0798 1.0266 0.75 0.616
Pure error 2 2.7513 1.3756
Total 10 21.2258

DF, Degrees of freedom; SS, Sum of square; MS, Mean square; Y, Overall acceptance (points); Y, Hardness (N); Y, Moisture content of
dried intermediate product (%); Y,, VBN of fried final product (mg/100 g).
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No. 7 (58°C, 1.5 h)
Moisture content, 11.9%

No. 4 (63°C, 2.4 h)
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100 Um

Fig. 2. Scanning electron microscope (SEM) images of dried intermediate products and fried final products. (a) Intermediate product dried
at 58°C for 1.5 h. (b) Intermediate product dried at 63°C for 2.4 h. (c) Fried final product from intermediate product dried at 58°C for 1.5 h.
(d) Fried final product from intermediate product dried at 63°C for 2.4 h.

o} 2t} w&E WS R 249

P "2

LERRTHP<0.05). 4714]

I EAA 242 Table 4

AR Gk

.

s Z_]—Z_l]—

24 A

5931 A4 A o] ti(Shishir et al.,

2016). T5H Y, Y, 9 Yo AR 0.880,

0.860 & 0.884% 10| 717k gHS Holon, A4 o4
LEFY 2ITh(P<0.05). 4584 Y 0] 7%, ZAAG(RY) ghol
0.725% th2 Z41 2o v)8] Yoo n Povalue”} 0.1552 S

ofgo] bt efgket

& Aol digt vhemd 2d ¥Ae A4 o
ANOVA (analysis of variance)o]| 2|3l 7} 3ict. v
e g 4] 0 S el S5 HO Al S ANOVA
2 vl A= Table 5oF Aot $ERS Y, (4] 7|2
=) Axp3k(linear), £4HS: Y, () o3k (square), &
SRS Y, (FA AR o )2 LA E olA
1831 F45H4S Y, (VBN)= 12k (interaction)©] ZH2} FA]
o2 frofgt Ao 2 Uehgth(P<0.05). 29/d 2 |(lack of

Table 6. Response optimization for hot-air drying of the intermediate product for preparation of surimi snack

X, (Drying temperature, °C) X, (Drying time, h)
Optimal conditions Coded value Actual value Coded value Actual value
1.129 64 0.014 2
X1 X2
Target value -1.414 ‘? 1.41 1414 0 1.414
9.0 9.0 . d
Y, (Overall acceptance, points)
Yi 75 Y: 7.5
Max
6.0 6.0




fit) HlAES B Woy mUo AYAE 4L 4 9
§) P-value7}0.05 2k 21wl 2J3}e el k- Elck(Isa e
2011). F40% Y, (G WA EO] S5 g)o) 4
ZAojo] tfgt P-value:= 0.007= 0.05}%.t} Yol A% vt
wl melo] ShlalA] ok Ao LreRtou) the Fhu
L5 EAH0R Fo4E AL RO ekt

HESEH XY J2im 2 QIxjo)

A deE ARA = Y Foll &2 27 Exju) g
o] AlgstaL wg Ax7} 7Hssich ] ARg-E o]
$FtH(Hu et al., 2013). dytd oz AZA RS A
WS A Zel=t Qlo] £ @42 v FHTtH(Caixeta et al.,
2002; Zhao et al., 2017). TR0 s S A2
(X) " ARAITHX)o] A= FS 32k T == #3s)
o] Fig. 1o Uefigleh S84 713 =(Y )= A22=(X)7F
51°C (-1414)9014] 65°C (+1414)8 HolA4g Z7)5l 7
T2 HEI AL, AKX )] 5= 4E 03] 2 hell A 7H =
A vebdth A22=(X)7F w25 T84 715=(Y )=
= UebEdl, ole BB 7 Al B7HE I Bhakekat
B2 7% e G o] = vpAgo] FHAel 7| aeof &
S n W AL o 4= 91910, Lujan-Acosta and Moreira
(1997)& +5 AlE2 7 vpareta 22 2 23Fo] &8[9
7| ol SRtk Mg ARggithe e HArskeit)

AE(Y )= AZLE(X)7F51°C (-1.414)904 65°C (+1.414)
T Foldaes ashs A3 UEh AR A2 AITHX )2
1.5 h (-1.414)14 2.5 h (+1.414)2 ZojA5E 4 Z7)3}
%A}, Table 3014 Ax2&=(X)= =l #22HP<0.05)
Fe A= Ao Yegtouy HRAIKX)S & 3= v
A A] QIEHP>0.05). 0] & Foll A2 =(X)7FE=(Y,)oll B
e A= % SHHSUS I 4= Uk BE(Y))
= 2249] HlA K crispiness)S UER 4= Q= ghoz 24 9]
-9 Fa3k A Qdlojn, 7|2 Ao Athek FS w|ztt
(Bruns and Bourne, 1975). ¢uk& 0 & Aw7} J-o-2 upat
Sto] Z7}sH= A 3RS LFERATHNurul et al., 2009). 0]&= & A
AollA A A oz 12 Az Aol A vRakgho] gt 2
712 o wo- A& gho] U2 Autel dA|3itt.

SA HHAIES] i (Y ) V2L25(X)7F =oHA]
I ARATHX o] AoAaE st 43S UErslth
UHHA 0 2 FAIHA| RHAIE O] i S REAl 249 4

243+ A4S 7F-Ich(Nath and Chattopadhyay, 2007).
A& AW O] A RHAI Y] it ool 7MY w2 A
TH(58°C 9 1.5 h)2t 7P w2 A 49(63°C 2 2.4
O] mAlAL2( X 100)E AR W] o &2 y-2Hst ¢l chFig.
2). Al w2 E A A B = Aer W
S A A= 53l 2 YA QlthAhzaetal, 2015). 4 7
o] W2 XA WHAE 4 Aol iAo g 7Tt

%
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=
Al HEYAREC] B A B3k 22 & 4= Ut (Nawaz
et al., 2019). Egh F7THA] BHAIES] SRFRHY) He= oF
10.02%0°14 11.90%= Uebston, {5 eAlEe] 49 2w
1% os}= Zpo] 7} YrepLbA] SIeh(E| o] 8 WA AL). A2
O] B Al BAS Wol g viAkgho] SRt AL Har
5% tH(Paranginangin et al., 1997).

VBN (Y,)& A%225(X,)7}51°C (-1.414)0] 4] 65°C (+1.414)
= 37t E S7khe B et AR g3 Rl A
O] ARAR(R)7F FaL FAA A F-oo] Lreh Al gk
o] & Foll & Aol A AR Axx WHeleld= VBN(Y)
= BYHPs|olle AdshA o2 2 & = A3ich VBN
(V)= AR Aol gAY i hiEo] Sl Ao s
M= Afstol| whet A E o F7lsh=t, o] 2Rt Sz Qg
ojuf 7ol Aubgol a3t AF =2 el o]-§=aL GIthLee
et al, 2016). VBNo|| 2J3t o] 79| #4 H7} A dubzlos
5-10 mg/100 g2 =3 A48t 0] %, 15-25 mg/100 g K5 A
9] 0]%, 30-40 mg/100 g2 Fuf %719] o1& 4 50 mg/100
g o1l B¢ Fuff A=t ARt o s WAHTTH(Song et
al.,, 2005). A AS A O] A F 710|412 VBN g K578
mg/100 g o5t =53] AIAGE of o= HAF It o] 2|3t 2
= Sl AR Axx9] jle et As S A9

g

Mol ook mX|A) gFerhs 22 & 4= giek
HAXZXZ0| x|XM3} U A=
=

Aol A 7] ST S ARG

12
N o
é
N
=1}
N
le]

of FEHHS Y, (A 712%)E st
o] AL FAACE =&t LT Y.
Y, (FAA WHAIES 7 FEhHo] B9 8 EAAY |
goti 7] flste] MU E sttt FAA Q1 43} A,
SEHT Y, (TR 7159 HdigS vehde S
ARLE(X) W ARATHX) 2] FEGH A 212 1.129
(64°C) 2 0.014 (2 h)=Z=| I th(Table 6). o] 23t 24 A2z
Ao 2] BAAG AW FIA 713 E(Y )9 dl5a- 8.6
Hololtt. BAM & Aot Syl 2o 24E F
0] 712 A -zt A AFE AAge] v

=R e
>
>~

tN

Table 7. Verification of predicted values

Y1 3
(Overall 2 (Moisture content of
acceptance, (Harrc\ijr;ess, dried intermediate

points) product, %)
Predicted
values 8.60 10.07 10.00
Experimental
values 8.10£0.74 9.99+4.36 10.47+0.36

Optimized conditions: drying temperature=64°C; drying time=2 h.
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£ 238 452 dljoFgtH(Cho et al., 2005; Yoon et al., 2017).
2 =wol A VBN A4H Axz Wil A &
WOl Ao Fe wAA] Ferz VBNgES A 95k 4]
AX2ARIRLE, 64°C 9 ARAZE 2 hyol|A] AA| AlxH
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