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Effects of Xanthan Gum Treatment on the Quality and Stability of Imi-
tation Fish Roe Based on Calcium Alginate Hydrogels
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Imitation fish roe (IFR) based on calcium alginate hydrogels (CAG) can be heat treated for sterilization and salted to
prolong the shelf life. However, these processes change the physical properties of [FR, and it is necessary to minimize
these changes. In this study, we investigated the effects of xanthan gum (XG) treatment on the quality and stability
of IFR. Both non-XG and XG-treated IFRs were treated with boiling water (95°C), sodium chloride (0.5-2.0%, w/v),
and autoclaving. The non-XG treated IFR shrunk slightly after the boiling water and autoclaving processes. By com-
parison, shrinkage of the XG-treated IFR after autoclaving was significantly reduced. The sphericity of the non-XG
treated IFR was reduced by the boiling water, sodium chloride, and autoclaving treatment. However, the sphericity
of the XG-treated IFR was maintained by 90% or more, preserving the IFR shape at a level visually recognized as
spherical. In addition, unlike the non-XG treated IFR, the XG-treated IFR showed high rupture strength even after
the salt and heat treatments. Our findings provide useful information for the industrialization of IFR based on CAG

with heat and salt treatments.
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Alginate= Z %5 -2 L&A} ohR 24 923 ZA(gel) 3
A, A AR B R B2 S 7HA AL Qlof s
S}E 3t A 22 FH 5| 085 o] Yeh(Chai et al., 2004).
o] &3t alginate+= B-D-mannuronic acid (M)2} a-L-guluronic
acid (G)7} B-1,4 == 0-1,4 FEZA = A S AZH A
B To A e F2E5 7HA] AL Qlet Alginate®] G 7]+ cal-
cium} -8 T}7} 9ol &7} 7k} a1l ege-box Fefel 3
A F 25 o] R =) o] 2 913 calcium alginate gel (CAG)S
A5 Flck(Hoad etal., 2011).

CAG2 H|=(bead) = 74 <& (capsule) FE| 2 o] 8 2452
Hestol o] HTh Had} 7|e /dektE9 43t ok

3} W =S A ofst=t]| 2] AHE-E o] tth(Lee etal., 2013).
E3, CAGS 182 2 gAo] 7Hsste] mzofzt /i
225 r). o & o], Ji et al. 20072y CAG HIES 28
gk 7fujo] Hxolehs A 2319 2H, Jo et al. (2014) 4 Ha et
al. (2016):> CAG H| =5 o] 83 A Y Lz o|gh 7ido] o3
Huskgich =3t P et At 22004 CAG H|[=9] £
2 £/ Histol| tigh A% HalE| ¢l o m(Jeong et al., 2020),
Yun et al. (2015)2 Hjof| o]5-5 o= CAG f&S Al
ato] o] A 9 Asiebg Aol di sl Barsheict.

CAGE o83t thfst mofghe] Az W 7ldto] gt A+
£ 11 Bt st o] Foj A ghot B xofhe] A8351HE ¢
3 DA AFRFEA FA ol digt A= =7 A

=
“goltt. CAG Bzofete URPAQl 7154|350 nR7 A 2 4F
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o 9%t 7P A Y B A Q1% 71 A7t a9k = 9l
t}. SR, CAGE o] 23k A 2|=oll sl &% S4o] «A
H5l= EAS 71X 2 lthJo et al., 2014). £3], Kim et al.
(2019) GA 2ol 93] CAG H|=9] 2a7 %=, 27] 9 413
L7t Mgtk A ofe] 220l RAFsto] Harskgit
wepA], o] H 3t E2l 4 54 WIS A5k Zo] Hxolgho
AHASE fleiAl= BaE7asitt

2 AtollAl= CAG Hxolghe] 4 HAdS =o17] S5t
o] xanthan gum (XG)2 2-8-5}%{th. XG+= alginate@} =AHF
TaAgS P 2 MEY A S BRIt R
(Pongjanyakul and Puttipipatkhachorn, 2007)7} 310 714 5
TR A2 A] CAG Rzofghe] 2 P Aol 71o1e 4= 3=
Ao 2 weE St whebA, 2 Aol A= XG A7 99, A
A QA A2l ofsf| 4A Wske mrolghe Eel4 54
of| 7|2 = FF= A5HAT

e Y

M=
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Calcium alginate gel (CAG) AIZE 913l sodium alginate 2
calcium chloride= Junsei Chemical Co., Ltd. (Tokyo, Japan)
oA Fdsto] ARgSEGITh o] Wi S8 2 GCTAI LA
F(Seoul, Korea)o| A 43t th7fE AR&-513t}. Xanthan
gum (XG)2 Sigma-Aldrich (St. Louis, MO, USA)Z €| -
Istlr. of ojo] 2 g1o] AHgE BE Alof Ul BEHEAL

24 Sg0l3ict.

Sodium alginate 8-4(1.66%, w/v)¥} /-5 o5 &=
%3] calcium chloride 8-28(1.86%, w/v)oll Z35}A]7# CAG X
Zo)THS A23FtH(Fig. 1). o1} sodium alginate 8282 1
FH2Z(Micro tube pump MP-3N, Eyela, Tokyo, Japan)E A}
oto] oF eE(WH 2% 1 mm % Zo] 3 cm)= F3f 1.5
ml/sec®] &&= calcium chloride £ 0 2 ASIA|FTh =
F ESHHE O A FEE 0] 8-3] 0.58 mL/secd] L& U+
SeB(H 47 028 mm W o] 44 em)o] Z2iElck £
of] Bk-g-% 9] calcium chloride 8942 280 rpm © = W {6} S
™ calcium chloride 894 MY} 0]5 =E71] Agl= 17 cm
o2 Aok Agel) B4 WS- 33 B2k ol Rojzlon],
Az Brolghd SR,E AT & Ao ARgstich &
£ Bofehe 20°Ce) LEZAGIA AZH L.

BRHE XG X2

A\ zE B 201ThS 90°C2] XG -&(1%, wiv)oll 157+ A
A7l &, 25°C2] calcium chloride 8-4(0.5%, w/v)ol|lA4] 280
pme| £ & WHIA|A sl XG O & A 2|H K xo
o S5 Alae T Aol ALel ot

ot
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Fig. 1. Schematic diagram for preparation of the imitated fish roes
based on calcium alginate hydrogels (CAG).

T, o U YN 2

At A o] Hxofeh W XG A2 HoehE 95CY S/
of| 22+ 20, 40, 60 2 807t A 2]t o 24 3= St} & A
2]+ sodium chloride (0.5, 1, 1.5 H 2%, w/v) =8 of 3027+
HAE 3l o] FolFirt 1At A 2l+= autoclave (DW-AC
920, D.W. Industries, Busan, Korea)E ©]-83}o] 121°C (1.5
atm)o 4] 5, 10, 15 % 203 9k o] 2o e},
37| Y P 5%

nzolgte] 37]9} = FskEn| (15X magnifica-
tions, BX-50, Olympus, Tokyo, Japan)¥} motic images plus
2.0 (Motic Group Co., Ltd., Xiamen, China) Z & 7135 o]-&
3 Zgsielck. 217te) Asivict Ra9)2 S7e) MRS 417
so] 473 WA Z4e1ert. 7T o) Bk mxol
2] 27 Lo 2 S5, TRk Pl h we] Mg
Zho2 S,

negs 5%

7F 4% 204 A2E maole S gl Aol
5 mm 27 9] round-disk stainless steel plunger”} -2+ rhe-
ometer (CR-100D, Sun Scientific Co., Ltd., Tokyo, Japan)=
ol g3t0] MALES Z4alsich,

=% IPSEL

= 2352 P<0.05 oA fARRAS askelon
Duncan’s multiple range tests (¢=0.05)7} Z-&-%|3ic}. do]H
AL SAS AZEYo] SAS Institute Inc., Cary, NC, USA)
2 olgsiginh
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Fig. 2. Effects of xanthan gum (XG) treatment on size (A), sphe-
ricity (B) and rupture strength (C) of the imitated fish roes treated
by boiling water at 95°C. The different letters mean significantly
different (P<0.05).
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o Aol AE0) 12 9 22o] o] g E 14 Al
JO= CAGY| =214 540l I3 vAA ErhKim et
al., 2019). Fig. 2+ €8 A 2] o] w2 F-4 2] tj Z<-(non-treat-
ment) 2! XG A 2|7H(XG treatment) 20|+ F7], L=
W wfel 7o) Hiske xojZe,

A e t2ato] A7) A2 ARt BlE|ste] Zhaxstel o,
8027t A& A 2] 4] 3.43 mm (B A2 Z)ofl A 2.60 mm7}A]
oF 25% 743 tHFig. 2A). XG A& +t9] 27]+= 8027+ &
g 22 &2 Qlaf 2.71 mmollA] 2.25 mm=E ©F 17% A5k ch
et A2 A FAE g2 XG A 27k 27] Zol= XG
A2 7F90°Col| A o] o) 7] wjolct. FA 2] v 2t e

ofd
N

XG AP 40 oFe] A ATA] A717F frolA o=
B P o) i sl i = R B P R S e e Bt s
o Fe A 2lof sl 2717k Hadhe 22 Wi o] Aol
oa| Aluko] 422 = ¥4 5)7] Hlo|ch(Singh etal., 2014).

TREe B A ARt whet XG A 2lto A s A
O = vepydth vhH, FA ] 2] A A" A2 At
wha gol2lel Zoli LA groLt Mka o 7hast
L AgS WthFig. 2B). 3HAYH XG A )it 9 HA]z] of
27 W 8020) A5 HelAlolw §eho R FPoleti <14
T4 G R0 9% ol o] L FHES §ASHALCi
etal., 2007b).

2] o) 24-0] w7 = 4057 23k 2] A 476,32 kPa
ofl ] 862.99 kPa7tA| o 81% Z718t 0w, ek A | Al7to]
1 o4} Z7Fstol e} 24sls A 0.2 UeRtTH(Fig. 2C). 5
=7 A A2 20 STk A2 o el ot A
S0l AEE F7MA SAEs} F7hE A0E ARHG
(Mousavi et al., 2019). HFH, g 22| A|7ko] 4080] Hol7}
WA B M st A tRe] R 24
o olaf olzko 2 o EAL A Agto] A 9 E ] v
O 2 bty XG A 2lte] -9 XG A 2] 34 A o 7t
A A7} A7) o] B Ae)Bet HegErt Paste
Zge UEIH AT shA|RE XG #| 2] Kzojgte] def A A
A7 = 193891 kPa2 72 2] 2t} Bl 3iS uff A A
3] =9koH, 80E7t 71E o= 1019.90 kPaS. &2 F¥ A7
7] ke PA ) 2747632 kPa)ol H3) HolHoR =
Al ekttt of2let Ak XGeF alginate7toll EARE a2
3ol FAE T AT HEL 2 1EFo] Z74e Aol G
gke 716 2 gohE ch(Pongjanyakul and Puttipipatkhachorn,
2007). whebA, 7FE A2 Foll e 8 A= FA7F At
mzolge] A9 XG A7 b el el 2 = e AL
2 AR

g xzlo| mE FX2| tEL XG XM2lZe| =2|H
=4 #Hat

2] A(sodium chloride) 4]352] ZO|A| B5Z 02 7Ty
v G A FUSH] 915 B A0 Y o] g8 gt
(Chirife and Favetto, 1992). w}e}A], E2oigt 71 W 2|4
At = Q= A A 2ol sl XG A 2|7F mxojghe] A7), 4
= 9 w7 o] w]A| i G dobugieh. & Aelof olgt
A8 Y2 UXG Hel2el 27, FoE 9 e v
SH= Fig. 3¢l Ueryict

A2 o2 W XG Aeke] 2719 49 9 42(0.52%
wiw)ell w2 23t Hep7F UrehtbA] 9Rtek(Fig. 3A). 7%

= 99 AY T2t werE dadshe AEE 2iou
90% olge] eHgH FE=E FAsttHFig. 3B). FA
20 w7t #e] A 476.32 kPaZ AT 2% (wiv)2]
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Fig. 3. Effects of xanthan gum (XG) treatment on size (A), sphe-
ricity (B) and rupture strength (C) of the imitated fish roes treated
by sodium chloride solution for 30 min. The different letters mean
significantly different (P<0.05).

Hoz ATt A} 5324 kPao.2 oF 89% A% ch(Fig.
30). A Aol oJgt 9} E 7= O] 4= sodium ©]-2of| o] sf 7
9] calcium ©]- 0] F-2]=|$17] wjEolr, URHA 0= sodium
chloride®] == 7} 2754 calcium ©]-22] W= &7} W}
Zckar 42 A Qlth(Bajpai and Sharma, 2004). XG #] 2]+
0.5% (w/v) & #elof ofsfi 2B =7} oF 49% 7483l oLt
2 ol43e] ol A $9)42) 247} ol glot XG A
2ol ofs} ol et U4lo] bl A& & 4 ek e
9] sodium chloride & 2] || = B8k XG A 2]t F4 2] of
Ztol| vlal 28) o) =& A EE HEpth ol ek A}
= A AEE A rR7EA] 2 XG2t alginate? o] 73 eHe
Aol oJgk A o = Tt

OeAT X2lo] ME 2X2| M XG X2lZe
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Fig. 4. Effects of xanthan gum (XG) treatment on size (A), sphe-
ricity (B) and rupture strength (C) of the imitated fish roes treated
by autoclaving. The different letters mean significantly different
(P<0.05).

o] H4-2 93t 71934 o|ch(Rattan and Ramaswamy, 2014).
bkt Aol o5k Tl e ti2at B XG A Pete] 271,
P 9 o7 = H3l= Fig. 40 ey ot FA42] it
O A7)= 5EAH] aQFaAt Aol &fsf 3.43 mmof4] 2.05
mm7}A] 2F 40% ZHAYA|TE, S o) /o] ekt AP oAl =
7] st Y o] 4 YehbA] okQIth(Fig. 4A). ol 2|3k =719
T ke A a5 1 Ao Rt YR 2o o] 529
bkt 2ol osf mhrelE o= AL EtK(Singh et al,
2014). =3t XG A 2] tof| A e 4] 2] tf 2t frAket A g
o] Yepyttt. 11MAF A XG At 271+ 271 mmE
A ] thzatol vl ZFLATE Ab At Fofl= 2.2 mmE H &
A71E FABI O 7] e oF 19% H =R Hlus] 4
& H37F UEbg T

A 2] Y et A2 Alto] Sk 4
5 AEA 0z fgasilon 99.4% A Y e 205 A2
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83.53%%2 374 3] Z2FKFig. 4B). ¥HH, XG A 2]29] 3
2087 A Y] Foll = 90% KT & FHEE FAR E
b, 3LQbakt A7Eo] SEo] Hol7bHE XG A 2|te] AL ol T
% frofulgh MskrF vrehA] (ot ofi= XG A 27 gt
o A ] Fo] = HIks A ] TaAS & ook

A 2t 9 XG A 27to] a7 e 5w anehat
wtoll QJall 54 3] Hasstelon] ket A7kl Skl wt
2F & H3SP7Lo o)A yebbA] ohgtTh(Fig. 4C). o] 2|3k Wsh=
UA G AfofA] Yehd ZiET o 34 Ukt o)= 7}
A w7} 120°CE 273 alginate 10| a7} whalA 2 7¢
w7t w48 "olxliths BHA 9 Aok YA S Kol
ZItH(Ching et al., 2017). 3], 1A A 2] 2] 948 F4]
2] 9] B 7F =7} 476.32 kPagl A} v] sl 2061t 3L
et Al XG A2 3HE7 = 938.64 kPalo &2 OF 2
ol A =7 UrEpsiet.

A AikE TR, AF2 7 9 22| 23] ARE-E
+ 9%, 4 9 et A7 RA Y da2at e e s 2
A FanA HxojgtolA Q7 E= B4 FA5HA] Hohe
Ao & vepytth sRAINE XG Ao 49 a9, | 2 et
At A FolE 2 AR EE FAE = ASITh whEbA,
2 AT A= CAGE o83 Hxofgh AlF2] A ste]| 9lo]
M8 E4E S U A2 7|gEn 34 A2 A
FARA XG A2 Hxolgho] 4 P Aol gt A7t 2
a3t F oz AlgH}

O o Ho Hof

L

Al AL

o] e RAYSHL AHelsksdTH|(20181)0 2J5h
of ATE L.
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