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Guar gum is an edible starch extracted from Cyamopsis tetragonolobus and used as an auxiliary ingredient to enhance
the viscosity and adhesiveness of food and improve its emulsification stability. Here, characteristics of fish surimi
mixture with various added amounts (0, 0.23, 0.45, 0.67, and 0.89 wt%) of guar gum were analyzed. In unheated su-
rimi with guar gum, the pH decreased as the content increased. In the color values analysis, only the b* (yellowness)
increased depending on the amount of added guar gum. The firmness increased with increasing guar gum content, and
no significant difference in adhesiveness was observed. In heated surimi, a* (redness) and b* decreased in a content-
dependent manner, and L* (lightness) was higher than that of unheated surimi. Regarding physical properties, the
highest values of hardness, gumminess, and chewiness were observed in the heated surimi with 0.67 wt% of guar
gum. However, no significant change was observed in springiness and cohesiveness. Results of sensory evaluation
indicated that with higher guar gum content, only the hardness increased slightly, and significant differences were ab-
sent in the remaining parameters. Thus, surimi with 0.67 wt% of guar gum is considered to be optimal for 3D printing.
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tHPark and Morrissey, 2000). 4=2]u]o] &2 A7}k
L, ol b, R o S%Ee 8 2l 7HEg o= 9 A
ol 98l Swrol WAl Hm, 552 SSA, SA, FA, A, KA,
RA 9 B 5522 Y¥ oA Ith(Ahn et al., 2019).

FHus Tl 255 A AL WA ETL ek,
Feju|o] Am 22X e, dne]x efof AASo R, Hafol R,
ol T o83t At e EEE] xgFolA|u A P50l oF
Slth= FA7F Qtk(Lee et al., 1999; Kim et al., 2011). $=2]7]
of Asle}l AT AT AT Seivle] A FE S Sl
H7HE2] 214 3KSuh et al,, 1999), AF Y o] FHO R 2
ARt =2ju] 71 A o] =4 5/J(Choi et al., 2002), A 780] 2]
ozkelein] A A2 91g A U v 2g chy o] 2 st
(Choi and Choi, 2003), A1} 4Zhe] FH 0 &2 A 23t o] & 4=
2ju] 9] 7tF o] n] 2] = % ATl A} NaCle| oK (Park et
al., 2003a), Y5 Wx27]9] dzke] efu] A A 2E 915 HE
S v ek of 2] 4 SH(Park et al., 2003b) 5-°] AUt

JrobAL- Indian cluster bean®] Hj-8-& Zo} &3 ZHE
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[
of
oo
No
2
Ho
ut)
_ln:
i)
4y 1= O ot XN

Fig. 1. 3D printing process of unheated surimi.
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© & A}g-¥) 11 ¢lthMudgil and Barak, 2013). E3F thd- A}
&of 22 @A 7|17 A EEA R A Y] deks o
T A= Ao] A A 21 guar gum, arabic gum, pectin 5-©]
R4 T eS| SEAIR Wol A}
S5 37 Qlok(Akhtar et al., 2002). thF3t hydrocolloidd 71}t
A% A= Song et al. (2006)2] non-waxy* &3} hydrocol-
loid E3HE-e] st E4Jof Tt €17, Rosell etal. (2011)
9] T2t hydrocolloide} 2 A &9h=9] 7HE-¥7t 719
GH8HA EA o] BRE A1, Yuetal. (2023)9] Frob a 1hek
R R B EE R DERE SRR
% 7)Aol 23t AE, Indurkar et al. (2020)2] 3D Z& &S ¢
& ok, Aetlo) uo|o. o 20] 225} Fo] glet.

wepA] 2 ATto A= 3D ZE-E 3 Awe]E =2ju]g]

b ol e 24 8 BAT AR 5 S5, B
H7H8 AAsto] 3D A § Tobg W7t efu] Az 27

2 2 =p3hsict.

Mz H A
e M=

£ 41910 4] AFGEL 4]0 SAT AL72) 5 (golden thread-
fin bream Nemipterus virgatus) <~2]7| 2 Korean SeafoodA}
(Busan, Korea)ol| A -¢J3}3it}. A els 4=2]u]= 43130°C
olale] Wsal(Togliere Tensione Prima, Larp S.R.L. Co.,
Genova, Italy)ol] #7g-stm A3]ofl AMg-sF3iTh ARS-E Lol
2 Shree Vijaylaxmi International A} (Rajasthan, India)of| 4 <+
dstairt.

A2 ZH]|

35} 30°C olafoll | BB WE AmelE 5:2]] 2 40
A ¥4t 353k 5, Silent cutter (ST11; ADE Co., Hamburg,
Germany)ol| 21l H2f5}al, A~FH(Hanju Salt Co., Ahnsan,
Korea) 1.3 wt%, A8(CJ Cheiljedang Co., Seoul, Korea) 1.5
wt%, ¢l4ked E3HA|A(MSC Co. Ltd., Yangsan, Korea) 0.5
wt%, ISP (MSC Co. Ltd.) 3 wt%2} A2 2] A5 2 wi%s 7}
Sho 317] ko] B W40 wive) 2 A7Feha Egahal. o]
T oS 0,0.23,0.45,0.67, 0.89 wt% gHe W= Z- A] 7o
A7Fe) oF 1587 £33}tk (Na et al., 2023). £3HE-S 23]
7](DICK 15LB; Dick Co., Metten, Germany)ol| &2]%]21 7+
g F4S 7 gol 7125 WL, 124 mesh®] 37| = of 3}
3l PVDC casing®] 5#15}¢] sealing machine (PACKNER
HRPS2; MAX Co., Tokyo, Japan)ojl A Azstict. 5218 4
2n] 5 AR= 7FES AFEHA| g H7bE ejn| 2 AE S
Z&gsteiet. 7+ s=ejn| o] %% 3D cartridgeo] %% < 3D
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¥ (Vistech Korea Inc., Dagjeon, Korea)E 0|83} 712 X
Rl x 7 2 eme] A2 3D T2lgatedrk(Fig. 1). 1 ohe
microwave (MW-272LB; LG, Seoul, Korea)of| A 15 20% 7}
dotoiet. TP =F 2170 1.55 mm, £3]= 10 mLel A
R E AL E=H] 1.2, THE £ % 800 mm/secCE I
st

oH =73

W7k RS 3 g AR F SR 30 mLek W #7)
(Nissei ACE homogenizer; Nihonseiki Kaisha Ltd., Nissei, Ja-
pan)& 10,000 rpm2] &= 2 127+ w288 e o A sk Al
5 pHA(TOADKK pH meter HM-42X; TOADKK, Tokyo,
Japan)2 pHE 53] o4} 248k Btgko 2 ALt
ME Z5

JrobA T (0, 0.23, 045, 0.67, 0.89 wt%) H7FE, 7+ A
29| vhHg Aukst 3 BT A (JC 801; Color Technosys-
tem Co., Nagoya, Japan)Z A3} th SA7F2 X (light-
ness)E YEM = L*, A x(redness)E YE = a*, M=
(yellowness)Z LIz b* 3o 2 eh ol 2w e
X=92.35,Y=83.92, Z=96.980]| %It} 7|4 42| u| o] A A&
o] WL n]7ke Sejule} Bolgh 2702 ZH5T

AE=A/ALPAAZ+AL

sy &%
=4 SAL texture meter (TA-XT plus; Stable Micro Sys-

tems Ltd., Surrey, UK)E ©]-&3t] 43530tk v7hE 42
u] Z3t Hk59] 49, 215 6 cme] YF A8 87100 60%THE
ot A/BE (back extrusion probe)E ©]-8-5}¢] test speed 1.0
mmy/s, strain 40.0%, trigger force 5.0 g&] ZA A 53] o]Ak
SHk ok HIAEES A8yt A (firmness)yt A 2HA (ad-
hesiveness)2] Btk AAFSFALE 7HE Seln]e] -, Al
25 A=2] ¢l P/45 (45 mm diameter aluminum cylinder
probe)E ©]-8-5}¢] test speed 1.0 mm/s, strain 50.0%, trigger
force 5.0 g2] 7104 53] o4} 5 HIAES 285t H e
(hardness), % 2+ (adhesiveness), B2 4] (springiness), -5 A]
(cohesiveness), 74 (gumminess), %3 Al (chewiness), 243
(resilience)®] B¢k AlALsEIch HAetE| A E(shear force)
2] 7§ test speed 0.17 mm/s] AL 2 A7 E Htsio] A
2 (work of shear)2] H# 4k FsH% T

ZAEXIB0|A(Scanning electron microscopy) &z

Tobd H7bge| w249 25 H7] 918 3D 7Y &
microwaveol| 4] 7143t 4=2|0|& FAAZX7|(EYELA FDV-
2100, Rikakikai Co. Ltd, Tokyo, Japan)©|| ]} 48 h ¢t =2

Az 3 AR5 20 mATFZ| 2 95 = F(platinum coating) g %
FAPAAE 1] 4 (VEGA 2 LSU, TESCAN Ltd, Czech Repub-
lic) > 2 5.00 kVo 4] 100 X vij&2 ¥ashict

el
olr

=

e B7h= A Aol A AAE ol what, 7t kol
ot oot 7t ’Ro] <A1 109 9] panel (d 67, ] 4
™ 21-254) 2 A48 cHKim et al., 2021; Seo et al., 2021;
Han et al., 2022; Park et al., 2022; Kang et al., 2023). &=
2 M(color), HAl(smell), H]HU(fishy smell), Sk(taste), ©]
t](abnormal taste), 22| 7H(texture), 7= (hardness), T4
(springiness) 4 &34 7| & T (preference) 5 97HA|1S H7}
SPARA kL 71 el 9l ee) SeleE, 1041386-
202005-HR-30-02). 9% H& 3 [HL nf & Lpmz|y who
(extremely bad or slight), 982 -~ =71} 7F&H(extremely
good or much) & & FA|5}HA sto] I F7HE A6

SRS

AR of| A dojzl Aato] tgtFA £4]-2 SAS program (ver.
9.3, SAS Institute, Inc., Cary, NC, USA)E o|-8-5}o] A5 A
2| Zre] Hutghs EAHE4A 3 5, Duncan's multiple range
test .02 P<0.05 ol 4] g 7He] 19 2Q1 Afol 5 HA

s,

L

3D Zalg &2

il

7} sk Lo}z 0, 0.23, 0.45, 0.67, 0.89 wit%)S A 713t v]
7} AzelE ~ejn| S 3DZ A Y AVHES Fig. 20 LERY
ok kol S7KE 2 E] w9 ATt A,
FeHF o] HiTh Lol 0.89 %2 X713t Fig. 2E&= of=id
Zol7k2 em& HF] O] A7t 191, Lok A 7FshA] ¢
2 Fig. 2A9] o2l 9] Zo]=2.25 cmZ Fig. 2E9] H|3] 12.5
%7kt =AE Bt roble 8/ thdREA 4]
EA9} 7t AT sto] 1 AL FAshe 540l At
(Qiu et al., 2018). whepa] & A-roll A JLob u] A7} cfn] 4
ob A7} feeju|7t Sete &2 WSS wf FuUR]§lo] v
Sk A2 o o] H7eE Zpolof] &Jgh A 0 & AY7tE|n, Tt
Azre] fjul g A7) $allA 0.67 wi%o] FHobd 71t
A5t 20 & Al gt
pH &3
Lee et al. (2017)°] W= pH= 015 9447 e nfo
2 Al(myosin)®] Fel, &8l = W A o] FFS n|HkL &
A gtk Lol (0, 0.23, 0.45, 0.67, 0.89 wt%) A 7}ol| k=
H7td =ejn] 23-E9] pH 5% 23} Table 19 YERTE
Tobd Fgo] S7FaE pHYF 4ssgl e, ol= gluten-

1o ogh



Pobd 7} e 3D

(A) (C)

v £E 54 793

(D) (E)

Fig. 2. 3D printing structure of unheated surimi with (A) 0 wt%, (B) 0.23 wt%, (C) 0.45 wt%, (D) 0.67 wt%, and (E) 0.89 wt% of guar gum.

free A A= A] 44
3} Ao} 7ho oF

opf o] Hrlgo| F7FeE pHYF A
AFS- UEFATH(Song et al., 2017). ol &

El:o] .3.7].61—_,_% ].Zj_,_o}oﬂ [e) Dﬂ :,101_74 tﬂ—al:() 89 Wt%-/]
©7300.8 7P U ek,
M 23

Zk gk SLob(0, 0.23, 0.45, 0.67, 0.89 wt%)2 713t H]

7+ AmelsE sreu| o] A 57 A0S Table 2, 7obd& A
7kt 7hEE S 1Al el En|e) A 54 A3E
Table 3¢f L}E}WE} H]71 S=aju]o] Ao L* ke JLolA 3
& 0.45 wt%2] 7 63. 7482 7HY =2 Z,,}‘g_ 3, Jobd g
& 0.89%0N14 62.79= 71 HQtrt. a* -2 T‘Lo}zj < A7st
& w H7ISIA) G A R S G bk b gt

Table 1. pH of unheated surimi with different contents of guar gum

Treatment contents (wt%) pH

0 7.55+0.032
0.23 7.3840.02°
0.45 7.37£0.01°
0.67 7.36+0.02°
0.89 7.3010.03°

Means in the same column (a-c) bearing different superscript in
sample are significantly different (P<0.05).

Table 2. Color indexes of unheated surimi with different contents
of guar gum

A 3o S7HE §-9]5HA|(P<0.05) S7Fokgl o H, o}
B1F 0.67 wt%ol| A 9.930.2 7HaF =2 ko el 9l o]
Kim et al. (2021)9] 4=2]u]of] &714F 47} A] P =7} 57}
AT} FARSHY o] gt A= JLob o] 7] & oF7te]
o2l 207 oAAZITh 7k S=2fu] 9] - LAg w7t
Freju] ok B =7 Lpepyhon], SLob gk 0.23 wt% 9]
- 1844 7P 2 kS WAL, obd FEF 0.45 wt%o]
A 7446 0.2 71 Sl ol gheFo] S7HkE a*, b* gk
o] F-oJatA 3HAetgl o, a* gk Frob T 0.67 wt%oll Al,
b* ke Lok 0.45 wtdeoll A 71 W& ks vepuich Mt
T AEREE H7HE Seeju]ofl A= 0.89 wt%eoll Al 36.16 0.2
7FAF =9k, 0.45 wt%ol| A 352002 713k Wit 7k 4a2

u|2] A2 0.45 wt%o)| A 26382 7}&F =7 Vel o™ 0.89
wt%ollA] 23.300.2 7H W AvS yEepich M= g
i Ez‘ﬂ“ﬁ*ﬂrgl L*, a*, b* gL Z}o] & 2] 4 0 & Uepd 2|4
kol 00l 7}7k&4=5 WAl of 747ke] A= Al o]t}
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Table 3. Color indexes of heated surimi with different contents of
guar gum

Treatment Treatment

contents L a* b* AE contents L* a* b* AE
(Wt%) (Wt%)

0 63.21+0.38° -0.65+0.12°¢ 9.36+0.42° 35.66+0.31° 0 76.62+0.84° -0.43+0.10° 16.86+0.69° 25.57+0.56°
0.23 62.97+0.06* -0.35+0.03% 9.75+0.04°> 35.96+0.062 0.23 78.44+1.08% -0.61+0.23> 15.98+1.11° 23.51+0.32°
0.45 63.74+0.26° -0.32+0.03% 9.77+0.11%® 35.20+0.25¢ 0.45 74.46+0.20¢ -0.74+0.06° 14.72+0.05° 26.38+0.192
0.67 63.03+0.35* -0.35+0.03% 9.93+0.14® 35.94+0.33° 0.67 77.65+0.34° -0.98+0.07° 14.75+0.30° 25.53+0.37°

0.89 62.79£0.35° -0.46+0.03" 9.88+0.14*" 36.16+0.33°

0.89 78.09+0.34% -0.86+0.07¢ 15.03+0.30° 23.30£0.37¢

'Means in the same column (a-c) bearing different superscript in
sample are significantly different (P<0.05).

'Means in the same column (a-e) bearing different superscript in
sample are significantly different (P<0.05).
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Fig. 3. Sensory evaluation results of heated surimi with 0 wt% (1), 0.23 wt% (2), 0.45 wt% (3), 0.67 wt% (4), and 0.89 wt% (5) of guar gum.
Values with different superscript within products are significantly different at P<0.05.

o] &5 ghol S7etelh Tt e
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ol9th 3D ZElg FlEZ AR
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Table 4. Texture profile of unheated surimi with different contents

of guar gum

Treatment contents (wt%) Firmness Adhesiveness
0 1,483.181114.98° -247.40+6.81°
0.23 1,730.53140.96>  -241.87+8.432
0.45 1,497.25277.93°  -246.67+24.782
0.67 1,788.96+80.07°  -240.50+5.432
0.89 1,912.62+104.89° -249.85+4.542

'Means in the same column (a-c) bearing different superscript in
sample are significantly different (P<0.05)

(e

|

A1 & FEHE AAT ¢ S AR 7AA Aot &
&7, AR, wE HU eSS 7HAoReIth(He et al 2020) et
A Table 49} Fig. 29] A1}= & uff AuAo] 2342 228
o] g7t Fuzglo]l 243 A 4 ‘il?ili}. Table 50114
7FE e n] o] A 7HE eejn| o) A9 Fobds 7K
n] o] B, A4, Aol %945}71](1’4)-05) S7Fsto] FHoby
31 0.67 wit% ‘FE] ") 9] 49 1,492.48, 1,348.04, 1,293.78 0.
B 7P 2 2 2ol @A 594 94 Fobde A
7FobeE W F-o A e Frtehlth Wh, -3 4d2 ol Ql
2ol 7} 919101 Tol7 FHF 0.67 Wil T 24 -176.49
7V =2 g UEr ik E3E ok ghgo] S
5 At o] F71sqlet. ol &= YX4E 2ALE F 4, HPMC
= |95t thEE9] hydrocolloidse} Zo] 7}El=0] Z7)akss
5 ALt S7¥ete AdE UEdislen, S8, Fokd A7t

Table 5. Texture profile of heated surimi with different contents of guar gum

Treatment Adhesiveness Springiness Gumminess

contents Hardness (N/cm?) o Cohesiveness 5 Chewiness (J/lcm*) Resilience Work of shear
(Wi%) (N) (cm?) (N/ecm?)

0 1,266.73187.88°  -4.17+1.95% 0.94+0.02° 0.85+0.08° 1,066.71+45.44° 1,003.58159.37° 0.4620.04° 304.26+12.60¢
0.23 1,403.781104.65%® -12.55+5.422 0.98+0.022 0.87+0.06 1,213.92+108.15°1,192.69+121.13%® 0.51+0.05% 368.56+14.46°
0.45 1,302.76191.76> -135.12+5.48° 0.97+0.00® 0.90+0.012 1,171.63+71.47° 1,131.11£72.26> 0.50+0.012 390.16+11.33°
0.67 1,492.48197.122 -176.49+9.34¢ 0.9610.01° 0.90+0.02° 1,348.04176.67% 1,293.78+79.85° 0.51+0.012 500.02+13.13°
0.89 1,457.35491.322  -92.25+12.20°0.98+0.012  0.91+0.022 1,320.52+50.82% 1,291.99+52.922 0.52+0.012 551.94+16.25°

'Means in the same column (a-d) bearing different superscript in sample are significantly different (P<0.05).
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Fig. 4. Cross-sectional views of freeze-dried heated surimi with (A) 0 wt%, (B) 0.67 wt%, and (C) 0.89 wt% of guar gum at magnification

100 X.

A ez 23} v 5] 7 =7k 140% 74 Z71819 T Tt 74
I YA E Z7FcHE Bar) glo] ti <t vls] Ftobd A
7hzol A w9 A4, WA o] A Urehd Aatel A x]stolct
(Gomez et al., 2007).

25 i

N

o}7(0, 0.23, 0.45, 0.67, 0.89 wt%) < d7}to]
Z Amelss 4=efn) o] #5371 23 Fig. 3¢
ot A ok, ofn] B F3HA 7] 3 ket 5-9421(P<0.05)
& , O] B ok H7kre] w2 WM UE
=, & A ok 7ol o = A v
Tobd A7bgol soldE A W A, o] 2dE 5
Uths Ae FRlstalon, T2 7|5k Holl A A& uf -
oFd 0.89 wt% 371 Al 24 =7F =il Frhskeich. ok 3
7he bt oF 50 A ztole gRkol winlshar el A E49 )
Aol o= A A, Ao & JS & A o= HojXit)
& WA A% 3D ZYY Ve o] R ERREH EE T
FE7F FAE7] fleliA= AR AadS 7R oFstaL(Pérez
etal, 2019), 50| L&A =7| flsiA= A4 F2HE
714 oFgtH(Godoi et al., 2016). E3F 7}E51o] 211X 7] &9
=2 3DZHY AlFo2H FHo] AYTHA| dotr7] 9fs g
A BRI NS IHe R 7S AT ok A7
< obd n7E YA E flo] MiE A EE] &
o, EoEo Foby el St E v7HE vk A
a/do] F7et A Bl RES) St 2 FERAIZ A He A
gelgh 4= ek B3t 2 =S 7FEA 2 otaS o vt
el e o] g 71EQl AT mT R w2
woll 3ok 23S vkt £3H0.67 wt% 37| 4
A%, 14, Aol 7HE =2 3 UERSIT ol gt 2

oo filo

o off

T TG ) FolAS 0.67 Wit B7FHAS 1) 3D 22
g8 Egees g At A,

FAEHARAOIE

Fo}71(0, 0.67, 0.89 wiv) H7tel w2 7Haselnl 2 524
% A7) F FAPAAFAR| 4 0.2 TS A4S Fig. 40 epy
o}, Fig. 49k Zol, ol & H7babA] ghe 4efml 718 2
7w ek A7 e B mopo 2 Upetlet, $4
O 2 PAE HAYY O HAHO R L 33
UERE YASHAL sraleh Fobde Hrke efmlel 4
9 71g0] EE3h FU TES YA AL & 4 gl
(Fig. 4B, 4C). °]= Qiu et al. (2018)°] 25} Lol slo| =&
Aol Aol o) FAH0 ehllet 222 YA W=
7hF7kehe At i A aue St ook 9]
o] )4 Pk 3D 22w TANA St o2 Tk A
W U ESIT PAL 943 Wl f7 B4 2t glo] el

=9 FHE Hstoke v mwol 2 Aot
Al AL

o] =52 2023 P A0 2 SapsAtTe A
FUY AU wol 2 ATAUTHIAE: w44k E
ALAlE, 201803932).
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