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Effect of Modified Starch on Microstructure and Sensory Characteristics

of Fish Cake

Jin Seok Park, Byoung Kyu An, Woo Jin Lee, Hyeong Gu Han, Jung Jin In and Kil Bo Shim*
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To confirm the influence of modified starch on frozen storage stability, the microstructure and sensory characteristics
of fish cakes, called Fomuk in Korea, by using seven varieties of starch, including native starch (NS), physically
treated corn starch (MS) and modified starch [treatment with acetate (SA-1, SA-2 and SA-3), hydroxypropyl (HS),
and acetylated distarch adipate (ADA)] were evaluated. Scanning electron microscopy (SEM) photographs showed
fish cakes with NS had a finer and denser network structure than those made with modified starches. During frozen
storage, fish cakes with HS and ADA exhibited a stable structure, as evaluated by porosity and rough surface. The
results of the sensory evaluation showed that modified starch, including HS, SA-2 and ADA, increased the taste and
firmness of the fish cakes, while NS, MS and the modified starch SA-3 resulted a decrease in the sensory properties
during storage. Therefore, HS, SA-2 and ADA are suitable additives to improve the sensory quality of frozen fish

cakes.
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oS T o7 E A T FA2 Yol Ty
A Ago] 7P 2 S A th(Li et al, 2017). A2
S718E0 i B 5 8e wolaL ol EE S Bl
2 Ak st o et AT v 8o 2 dste A B4
oo AT 5 =S FER of57gFolA 71 wol AF
85 H7HEo|th(Lee et al., 1992). o 87FEE Ax2A] H7}
T g A5olA SEE SYAFENR g TR B
F208kaL, A2 =& 7eto] 7HEshy Badsto] T o
TFEE B UEE o AEE A A fAH
thH(Kong etal., 2016). 3, 20| Lok A5 S|
ATz B0l T87 ALE s, of iRt W2 o] T8t 540
e} Aol A TRt =2 B-8-o] 7he sttt A2 A A=
TeIgolA & A, frE/d, HEME H BaEle Ao
5H7] flaf /g2 o] ARg-o] S8kl 9 HH(Min, 2014; Jeong

etal., 2020). /224, E, AAL vl S Y 4
o|uf LA NA et A AT S-S Aeste] A
9] 5| =5 A 7|9 RES-E A T REg-ofl 5] 3elA o = R E
At ol 2 33kt Ao 2 AE 2o 28l S-S HF AR
AL WFHHMFEDS, 2021). 0]S&7FEE o] A HA AL
3} sl gl A QPEALE SAIsto] WAH AT 8
T AR R YE 155 AEY FERAIE S8 2
ARESHCH(Lee et al., 1992; Desai, 2006).

F2o| A9l U4l o]l wigiolsilver carp Hypoph-
thalmichthys molitrix) Q5o A YA &) n|X|= kS =
ARSE Ax}, ZAt|AEH 23 9 Zhw o] A 25k A A RO
ulzlo] 18.0] 2 AT WAES Pl AC et
WoH(Liu et al., 2014; Chen et al., 2020; Mi et al., 2021). ZL2]
a1 e o180 e 27} A E(cassava starch)¥} B} @7} H
A4 E(hydroxypropylate, cross-linked, cross-linked hydroxy-
propylated, and cross-linked acetylated cassava starch)2 47}
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& %, 00°Ce} 120°ColA] AReisio] A S 249
HeoH Aol Lo WA R DeolA] HE} o
38 Hehe A 77k A B, Aol At
HEe 7 ) AS R, S gHe el A S
o] HIE 9 e A LES ATAYL 9 Ao
YoHKong et al., 2016).
£ Ao A= A B HAAES J71st o5& &
% vl TR WEle} Bl BAS TAFeRA WA

3 2
o] o] B Ao u] A= L 23T,

T oox
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>
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M=

=7 A5 Y| A-8(KA grade, Indonesia), A% 2]& A5
(FA grade, Indonesia®} SA grade, Vietnam)=- A}-8-5}%ct. £
A 2= BA 2, DAL R 2, Btk AF(34 2.5%), 4
BiHE, e2dedeEE, 24, AR, B ERS

Table 1. Types of native and modified starch

ARSI AR tj24t2 A (native starch, NS)& A}
galgo0], WAREL 1k vkt dXe 5 geAe
Ho g A3t 244 E (modified starch, MS), ZAHe}] @
7HHE 3Z(SA-1, SA-2, SA-3), | EEA|ZRH oL
4% (hydroxypropyl starch, HS), opA[gofr]lato]ga=a=7d
F(acetylated distarch adipate, ADA)S A7sto] ARESIAITE
(Table 1).
o= A=

OJ 52 FARA] 24)| o} & Al = F Ao A ARESEAL Q= iR
HZ Bgsto] AxSEON, B2 AR M) FRY A%
2 111 Bl ALgSHATHTable 2). 0] H7}ake: ujgh]
off uhe} szt eb Mg 22t vk o] 100%E 7 Fstod
Alzsket. sset A 1.5 kg (B H, AAzelE 2, 242 500
2)2 A5E317](UMC-5; STEPHAN food service equipment
GmbH, Hameln, Germany)2 1 min7t 127] 203t & 4142
Z7Fstod 1 min, 2 74 2 1 min, 7|8} 72 F<4s)

SO

Manufactory Co. Material sources

Code Type Product name
NS Native starch Wheat flour
MS Modified starch Batter starch

SA-1  Starch acetate
SA-2  Starch acetate

Neulpum TH-202

Neulpum TH-101
SA-3  Starch acetate Starchmix-M

HS Hydroxypropyl starch HeatSTA 200

ADA  Acetylated distarch adipate  Acetylated Distarch Adipate Deasang, Korea

Wheat flour

Corn starch and physical treatment
Tapioca starch and potato starch
Tapioca starch and potato starch

Eiamheng Modified Starch Tapioca starch, dextrin and guar
Co. Ltd., Thailand gum

Deasang, Korea

Sajo Donga One, Korea
Deasang, Korea
llji Starch, Korea
llji Starch, Korea

Corn starch
Corn starch

Table 2. Formula for the manufacturing fish cake with native and modified starches

Treatment (NS: MS)

Material Concentration (%)

100 (g) 50:50 (g)
Fish paste (Surimi) 84.03 1,500 1,500
Starch 12.61 225 225 (NS:MS°=112.5:112.5)
Salt 1.26 225 225
D-Xylose 0.25 45 4.5
Monosodium L-glutamate (MSG)' 0.67 12 12
Potassium sorbate 0.25 4.5 4.5
Glucono-d-lactone 0.29 52 52
Glycine 0.25 45 4.5
Sugar 0.25 4.5 45
Sodium Phosphate? 0.14 25 25
Total 100 1,785 1,785

'A mixture of disodium 5’-inosinate (IMP) and disodium 5’-guanylate (GMP). >A mixture of sodium tripolyphosphate and sodium pyro-

phosphate. NS, native starch; MS, modified starch.
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A37eiol A 5 mint 37| 2bo) & skt A7) ol 7L ke gl
82 571 7](NewTech, Daegu, Korea)o] go] Z|z2Hd
*5(50 mm, @34 mm, Vector plastic casing; Chunyang global
Co. Ltd., Seoul, Korea)ol| Z#I5+ &, 95°CoY| 4] 30 min7t 714
=, demol A Wzste] of o] ' Al ndE e HS Y
A3k, A o BE 20°ColA 52 AAse] A
1, §25 0% 20 mingk §4+ A5to] AR A8
o, 9Fel A0 1Y Fot ol B HUL RABHg
MXIF=Arei0|A(scanning electron microscope, SEM)

of&e| nAlFE2E W] Sl 24 AR TS oA &
2t 54 Az 5, 47F2] A= ion sputterH © 2 gold ion=
I3 2 (E-1010; Hitachi Instrument Inc., San Jose, CA,
USA), AAl5=AFd 1] 7 (Scanning electron microscope, SEM;
JSM-6490LV; JEOL, Tokyo, Japan)°.2 L5 35T
oW A= 15 kVE] M=} 74 Hgtoz gl om, Wkt e
+ sigma-scan pro (Systat Software Inc., San Jose, CA, USA)
of ou|A| £A] AZESofR Al X 75) LHE( < 200)
2 ol FolA mAl =S WSk

M 2099 42 Q0300 tho 2 Az
. eyt Aee] tistol 7 4

6%, Fh 59, A Foh 4%, BEOITE 3

4, OF7F Lhck: 27, vk 1, o) - ko 2 571ets

A
1o
=2
ot
o
L
o X
ool
9>~
(MRS

EA47 digt FA4 A 594 H4-2 Statistical Packag-
es for Social Science (Ver. 25; SPSS Inc., Chicago, IL, USA)
£ 0|83} Duncan's multiple range test= 32|55 5% o U
(P<0.05)2 7} Ftgkoll thgk 214 Zpo| & 2Afstom, H

15KV X75  Z200pm 15kY X200 100pm

15KV X200 100pm 15KV X200

15kv X75  200pm

15KV X200 100pm

5o 54 vlu 863

ol Bag EERUAE EASHC,

A0 E(SEM) 2

o

SRS MR oS AR RS VIR ofFe
A AR F AT HekE FARIAERE o2 st
A= Fig. 1-Fig. 70 Ve gl
272l 2TZ(NS)S A7 o}59] A= 5 SEM o]u]A]
Lo 23 AR E o] 231 93, i 11y 1 HEs 12
2 Yelyglont, A47I7te] Zojdas B4 ofgt o8 2
Zo] afo 2 FATHS Aot 1 HpAsh 27} Z7ketod
Fro] Ao FH(Fig. 1). o7t A2 52 A% Aol A
A Aol sl o9 nAlAt27} Haksto] rehd A
o2 ghEch 3 AR A, BE 2 AR w2 87t
A A A=A, SFeha] B4 ARt Ao A, We =7
o= SEM o|w| x| 7} i H A 23 FARE e =, AF 4
< = 2ok BE A oo, 5 A% I oA A
7 Yo o] Ao vk, BY 92 B9 1o 3
B 2 Wste] FojA= T2 YERH ItH(Ao and Jane, 2007;
Yang et al., 2019). Z& WH552 54 A% Al 2=0F Bt 7]t
= Aie Fxof 2 IS v, 52 shse A &
> 20 L vl i T AR, FA Y SE2 AR AR
Fol| Fol WA o] AL T4 I oA B W E
© Y] A& BA o) Z2 el EE T v w2 3k A5t
A SRR AR S 52 o ® d5Ha,
I o] 4 Mg oz RARA E Zo|th(Feng et al., 2020). =
o, &2 Aol E AE Ao W, 5 B frAke] A&
o Ftx HolE zafste] A RO R 4 24 e 1)
Fgtokal a1 E Qi Th(Feng et al., 2020).
MSE 7Ijt o152 NSE 71t of ol Hlsto] Az 25
of wo] AL, A oA Z F=o] YEhdoH, 54 A%

-

2

15KV X75  200pm

15KV X200 100pm 15KV X200 100pm

Fig. 1. Photomicrographs at x75 (up) and %200 (down) of fish cakes with NS during storage at -20°C for 4 weeks by SEM. A and a, 0
week; B and b, after 1 week; C and c, after 2 week; D and d, after 3 week; E and e, after 4 week; NS, native starch; SEM, scanning electron

MiCroscopy.
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X75 200pm 15KV X75  200pm

x75 200pm 15kv Xx75 200pm 15kv X75  200pm

O3 X =t -
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Fig. 2 Photomicrographs at 75 (up) and x200 (down) of fish cakes with MS during storage at -20°C for 4 weeks by SEM. A and a, 0 week;
B and b, after 1 week; C and c, after 2 week; D and d, after 3 week; E and e, after 4 week; MS, modified starch; SEM, scanning electron

microscopy.

X75  200pm X75 200pm X75 200pm X75 200pm

X200 100pm X200 100pm X200 100pm

Fig. 3. Photomicrographs at x75 (up) and X200 (down) of fish cakes with SA-1 during storage at -20°C for 4 weeks by SEM. A and a, 0
week; B and b, after 1 week; C and c, after 2 week; D and d, after 3 week; E and e, after 4 week; SA-1, starch acetate-1; SEM, scanning

electron microscopy.

15kv X75  200pm 1skv  Xx75 200pm X75 200pm 15KV X75  200pm

X200 100pm

15KV X200 100pm

Fig. 4. Photomicrographs at x75 (up) and X200 (down) of fish cakes with SA-2 during storage at -20°C for 4 weeks by SEM. A and a, 0
week; B and b, after 1 week; C and c, after 2 week; D and d, after 3 week; E and e, after 4 week; SA-2, starch acetate-2; SEM, scanning

electron microscopy.

71710] Aol Ass FFL o AHom, BAE o AYoI AT AL ofF Ho| 4 2 FIglo] QYT PATEE 71T 9
(Fig.2). oL, 475 e 2 30| ANEIL A3 Ue] BlEoict

SA-13} SA-25 713t o B2 Al S5 E B2 A% 357t (Fig. 3, Fig. 4). SA-353713t o5& 52 A% A Fol= &
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X75 200pm 15Ky X75  200pm

15kv X75  200pm 15kv X75  Z200pm X75 200pm

15KV X200 100pm X200 100pm

Fig. 5. Photomicrographs at x75 (up) and X200 (down) of fish cakes with SA-3 during storage at -20°C for 4 weeks by SEM. A and a, 0
week; B and b, after 1 week; C and c, after 2 week; D and d, after 3 week; E and e, after 4 week; SA-3, starch acetate-3; SEM, scanning

electron microscopy.

15kv X75  200pm X75200pm X75 200pm X75 200pm x75 200pm

15KV X200 100pm 15kY_ X200 100pm 15KV X200 100pm X200 100pm X200 100pm

Fig. 6. Photomicrographs at x75 (up) and x200 (down) of fish cakes with HS during storage at -20°C for 4 weeks by SEM. A and a, 0 week;
B and b, after 1 week; C and c, after 2 week; D and d, after 3 week; E and e, after 4 week; HS, hydroxypropyl starch; SEM, scanning electron

microscopy.

15kv X75  200pm 15kv Xx75  200pm 15kv X75  Z200pm X75 200pm

15KV X200 100pm 15KV X200 100pm X200 100pm

Fig. 7. Photomicrographs at x75 (up) and x200 (down) of fish cakes with ADA during storage at -20°C for 4 weeks by SEM. A and a, 0
week; B and b, after 1 week; C and c, after 2 week; D and d, after 3 week; E and e, after 4 week; ADA, acetylated distarch adipate; SEM,
scanning electron microscopy.

S| 2717} 7AX7] ARSI} 22 RE = 200 um ol 4ke] £ om EEsha A4 o] Ueptoh, B2 A% 2% T
BIE A 02 Ueom, 457hA vt o R Uek H BEH0R $30) 2771 AR, wre] A-A Ret.
wth(Fig. 5). HSO ADAS 7kah o B e Az Fole oAl 3] Av)ef vyl Evo] 713 AR Yzol the WA



B2 A7k o] B3t vl WS ) =4 GsthFig. 6, Fig. 7).
A gole] WEl 22 5ot PHSHE S s
Belo] glom, Aubrl o= HE B o] P& Helo] F7l5HA
E1

S| ESA| 22 B 7} MRS & S55HaL 40°C 0]

4% A YENLE FHT 5 9lo] =S =2 el o7}

WARES WKL Ago] A FEl e ort HES Aok
Sl

o

59 A R Ut o]= o By et AR ES A
7Ft A8-0] Ao vl&f S| =2A 22 Elu] o7} ¥
7R 59) Ao A Higo] AA dofd Aoz B

(Kong et al., 2016).

Jeong et al. (2020)°] 2Ja}H AW E(NS)S H7}sl o] 2o] 7
A7t th2 WP EEG YU, AT S AdE =
RS NSE 713t ol 7o) 7 =8kt A7 I6<t &

Table 3. Sensory evaluation of fish cakes with native and modified starch during storage at -20°C

Sensory Storage period Score
parameters (week) NS MS SA-1 SA-2 SA-3 HS ADA
0 45041.29% 3.79+0.97° 4504151 464+1.15® 514+1.10° 5.00+0.96° 4.36+0.93*
1 2.63£1.30° 1.25+0.46¢ 4.88+0.64® 575+1.16° 4.00+0.53° 4.88+0.35% 5.13+1.36°
Taste 2 456+1.33% 3.00£1.500 3.44+1.42% 456+1.88% 4.56+1.94® 444+0.88* 4.67+1.32°
3 4454129 236+1.03° 3.64+1.36° 5.09+0.70° 4.91+0.83° 4.18+1.40% 4.73+0.79°
4 471+1.33°  214+1.17°  3.64+1.01° 5214179 2.14+1.12° 443+1.16% 4.86+1.41°
0 4.00+1.1%  357412%  3.79+1.37% 4.00+1.30® 4.50+0.94° 4.07+1.00® 3.14+0.95
1 3.75+0.71®  1.63+1.06° 4.50+1.31® 563+1.060 3.50+1.31° 4.38+1.41°> 3.75:0.46°
Flavor 2 3.56+1.42a 3.11+1.76%c 2.89+1.96° 4.78+1.39° 4.44+1.24% 3.89+1.27%° 456+1.13
3 4.00+1.41% 3.00£#1.26  3.36+1.57  4.00+0.89  4.09+1.38  4.09+1.30  4.18+1.25
4 4.00+1.11%  2.43+1.09° 3.29+1.07° 4.57+1.09° 4.07+0.92% 4.21+0.89° 4.64+0.93°
0 4.86+1.10% 4.29+0.91 4.86+1.41 4.36+1.15 4.00:0.78 4.93+1.07  4.64+1.50
1 3.25+0.46° 3.50+1.51° 525+1.16° 5.88+0.83* 3.63+0.92° 4.13+0.35° 4.88+1.25%
Hardness 2 4334122 4564159 4444124 5004122 3.67+#1.58 4.89+0.78  4.56+1.24
3 418+1.33% 4.00+1.26° 4.73+1.01% 4.64+1.21 391+1.14> 4.18+1.33% 527+0.79
4 521+0.89° 3.93+1.27%¢ 500£0.78% 4.93+0.83® 3.29+1.07¢ 4.36£1.22* 5.00+0.96%
0 457+1.45% 443+085 515+¢1.35 5.00+0.96 4.36+1.08 4.29+0.99  4.29+1.27
1 3.38+1.77% 2.38+1.30° 563+0.52¢ 538+1.41% 3.88+0.35* 5.00+0.76® 4.63+1.06%
Chewiness 2 4.33+1.32 4224148  444+181 4224109 3.89+1.05 4.11+0.78  4.22+1.30
3 3.82+1.25" 3644129 4454113 4364129 3.73+1.62 455+129  4.18+1.25
4 471+1.20% 3.71£1.73° 421+1.25% 493+1.07¢ 3.21#0.97° 4.29+0.99® 4 57+1.09=
0 5.00£0.88% 4.64+0.84® 550+1.16° 4.79+1.05% 4.14+1.17° 4.43+1.09° 5.36+1.08°
1 1.7520.46° 2.13+1.13¢ 588+0.64° 4.13+155° 2.63+0.92 3.75+1.04> 3.50+1.41%
Springiness 2 456+1.67% 367150 3.89+1.45 4.11+1.83 367150 4.78+1.20  4.22+1.64
3 3.82+1.33's 355+157 445+0.82 391145 355+121 3.91+1.04 4.18+0.98
4 4.29+1.33% 3.43+1.28* 429+0.83% 500+0.96° 3.00+0.88° 4.71+0.91° 4.43+1.34°
0 35740.51°  4.93+1.54° 41441462 421+0.97% 507+1.07° 4.14+1.23%c 3.93+1.77>
1 1.25+0.46° 3.25+1.83® 3.63+0.52> 3.00+0.76° 3.88+1.89® 4.50+0.53* 4.00+1.69%
Appearance 2 4114169  433+0.71 2.67+1.12° 3.11£1.69 4.78+164° 511£127% 3.67+1.32c
3 3.00£1.22° 3.18+1.40° 3.64+1.36® 4.55+0.82° 3.73+1.42® 455+113* 4.36+1.21°
4 27141.64°  3.86+1.10% 2.86+1.17>c 3.50+1.09% 3.43+1.09%c 41441232 3.29+1.33%c

NS, native starch; MS, modified starch; SA-1, starch acetate-1; SA-2, starch acetate-2; SA-3, starch acetate-3; HS, hydroxypropyl starch;

ADA, acetylated distarch adipate. Data were given as mean values+standard deviation. a-d; Different letters in the same column indicate

significant differences (P<0.05) between mean values.
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AR A e F7koll 37t 2ick(Han and Lee,
2014). Z12] 1 acetylation, hydroxypropylation H/d 422 7l
B 7k FEEE gAY ss kAol &t qlekar
& #] Qloh(Tuankriangkrai and Benijakul, 2010; Mi et al.,
2019; Jeong et al., 2020).

BS =t

ol
=

Table 30| WEFI it o5 A= F-, Sroll A 718 2

Foll 247} 4.50%, 4647, 436701901, 4% FolE ot
o4 2 Wislkglo] 212 4714, 521, 48602 vhehde.
ARl SA-17}HSE 7Kt of 22 Al Folli= 45047
5.0090]9 0L}, 4% B UkO. Tha 7haste] 217F 3,647 4.43
.02 Lpepdeh. vhe, MSE A7kt o 52 Tk of o v]3}
of Grol H47F 9 v A0 2 ket

oAl MSE A7RE ofRo] 15 F Le3HO2 14 vk
on], 4% A Fol % 243HOR VY e AO® pehito
o, A%, HYAT GRS BUHE ATl AL NSE H7ke
o150] 49 54 A % 714 FA Wakstd o, SA-L, SA-
2, HS, ADAE A7kt o 52 A% 590} 45 o= 2 wiabr}
Gl 202 Lrehe). 2|7l A NS H7keh o] B2 4% 71
of AR7IRFES by 2 Bom Wskstglon, HSS Wkt
ol o] ARIIHE 71 F2 H7HE Wkt

S S 5 B4 ZuelAl WA SA-1, SA2,
HS, ADAZ A7H3t o}l 52 A% 5 943 202 et
stk

£, Btu] 071 HE = gE] o EAE (ol AR RS H7t
shd T ahH A = B QL A7 e s 202 BATE o]
(Han and Lee, 2014), &2 A2 3t} S-AFS1 C}.

dubx o2 HEo] op2 = Fgke A Frol WS gk
o] &= Ao 7 A4 A QIth(Rolland-Sabaté et al., 2012). 2=
9} Elu] 0 7P B3 e op 2 = glefo| 2 AR (FRe
28%%} 16.8-19.0%)2 1E=}0] 71 AFAS wjife] o =&
A 7F =5 e, o] ARS2 8-l o] 511 7 E sk 5k a
Agto] oJsf| o] 5-9] 7 mjE=] A0t AR o] Ao W3S =

5o 54 vlu 867

B 2 (Karmakar et al., 2014), & AA7Lof| A AR-E st A&
o] op R = ek o] 5] A o] JFFS S, o] &2 QI
52 Q1 Aol 2 Yehd 21 0 2 ket

B Ao A T2 AS B2 O R sl of & Al Fo|| gt
80 & HS, SA-10]2}al B 115} Jeong et al. (2020)3=
2], T54 %l 54 a1 st B4 =31 HS, SA-29F ADA
A A% 5 o179 4 Hst 7Pt A9l on, s gl
A= o B Ro] vlsto] S-otqitt. wheba o & Al
A2 AFE-SEALA} Sk A of] Y AlEE AHsh=
o] FA ol o] F Ao ek

i

=

s 2o ol g

(o/]
oft

Al AL

o] =i Tt AReA o eta AR](20201)0l| ofst
of 3Pl Atoln, AtH] Aol ZAR=-E Y.

References

Ao Z and Jane J L. 2007. Characterization and modeling of the
A- and B-granule starches of wheat, triticale, and barley.
Carbohydr Polym 67, 46-55. https://doi.org/10.1016/j.carb-
po0l.2006.04.013.

Chen J, Deng T, Wang C, Mi H, Yi S, Li X and Li J. 2020. Effect
of hydrocolloids on gel properties and protein secondary
structure of silver carp surimi. J Sci Food Agric 100, 2252-
2260. https://doi.org.10.1002/jsfa.10254.

Desai AS, Joshi VR and Pagarkar. 2006. Effect of modified
starch on the shelf life of frozen fish kamaboko with pre-
pared spinach. J Indian Fish Assoc 33, 175-182.

Feng W, Ma S and Wang X. 2020. Quality deterioration and
improvement of wheat gluten protein in frozen dough.
Grain Oil Sci Technol 3, 29-37. https://doi.org/10.1016/j.
2a0st.2020.02.001.

Han JS and Lee SM. 2014. Improvement of surimi seafood us-
ing modified food starches. Food Sci Ind 47, 33-38.

Jeong YG, Park JS, Jeong YR, Chun BS, Park DC, Lee HS,
Jang MS and Shim KB. 2020. Effect of modified starch
on the frozen storage stability of fish cake Eomuk. Kore-
an J Fish Aquat Sci 53, 290-296. https://doi.org/10.5657/
KFAS.2020.0290.

Karmakar R, Ban DK and Ghosh U. 2014. Comparative study
of native and modified starches isolated from conventional
and nonconventional sources. Int Food Res J 21, 597-602.

Kong W, Zhang T, Feng D and Xue Y. 2016. Effects of modified
starches on the gel properties of Alaska pollock surimi sub-
jected to different temperature treatments. Food Hydrocoll
56, 20-28. https://doi.org/10.1016/j.foodhyd.2015.11.023.

Lee CM, Wu MC and Okada M. 1992. Ingredient and formula-
tion technology for surimi-based products. In: Surimi Tech-
nology. Lanier TC and Lee CM, eds. Marcel Dekker Inc.,
New York, NY, U.S.A., 273-302.



868 MR - QRE - o] 94 -

Li T, Zhao J, Huang J, Zhang W, Huang J, Fan D and Zhang dan
H. 2017. Improvement of the quality of surimi products with
overdrying potato starches. J Food Qual 2017, 1417856.
https://doi.org/10.1155/2017/1417856.

Liu H, Nie Y and Chen H. 2014. Effect of different starches on
colors and textural properties of surimi-starch gels. Inter J
Food Prop 17, 1439-1448. https://doi.org/10.1080/1094291
2.2012.680224.

MFDS (Ministry of Food and Drug Safety). 2021. Korea food
additives code. Retrieved from https://www.foodsafetykorea.
go.kr/foodcode/04 03.jsp?idx=161 on Sep 26, 2021.

Mi H, Wang C, Su Q and Li X. 2019. The effect of modified
starches on the gel properties and protein conformation of
Nemipterus virgatus surimi. J Texture Stud 50, 571-581.
https://doi.org/10.1111/jtxs.12466.

MiH, LiY, Wang C, Yi S, Li X and Li J. 2021. The interaction
of starch-gums and their effect on gel properties and protein
conformation of silver carp surimi. Food Hydrocoll 112,
106290. https://doi.org/10.1016/j.foodhyd.2020.106290.

Min BC. 2014. New modified food starch products and strategy
of development. Food Sci Ind 47, 2-10.

Rolland-Sabaté A, Sanchez T, Buléon A, Colonna P, Jaillais B,
Ceballos H and Dufour D. 2012. Structural characteriza-
tion of novel cassava starches with low and high-amylose
contents in comparison with other commercial sources.
Food Hydrol 27, 161-174. https://doi.org/10.1016/j.food-
hyd.2011.07.008.

Tuankriangkrai S and Benijakul S. 2010. Effect of modified
tapioca starch on the stability of fish mince gels subjected
to multiple freeze thawing. J Muscle Foods 21, 399-416.
https://doi.org/10.1111/j.1745-4573.2009.00190.x.

Yang Q, Zhang W, Luo Y, LiJ, Gao J, Yang P, Gao X and Feng B.
2019. Comparison of structural and physicochemical prop-
erties of starches from five coarse grains. Food Chem 288,
283-290. https://doi.org/10.1016/j.foodchem.2019.02.134.

Zhou X, Jiang S, Zhao D, Zhao J, Gu S, Pan Z and Ding Y.
2017. Changes in physicochemical properties and protein
structure of surimi enhanced with camellia tea oil. LWT-
Food Sci Technol 84, 562-571. https://doi.org/10.1016/].
Iwt.2017.03.026.



