Food Eng. Prog.

Vol. 24, No. 4. pp. 317~326 (2020.11)

DOI https://doi.org/10.13050/foodengprog.2020.24.4.317
ISSN 1226-4768 (print), ISSN 2288-1247 (online)

w7 Ep7 | HEAE

EAE AN

n-wr

r. JkII.-°é1IE'o1

Food Engineering Progress

|I= ARS8t Al=4 T{E[<]

LU A = ZXIEA

271

- A3

a5 =4

Lo

P &g - A3

AR

St AT a4 o), TSR SrhE s

3H7]1&1CC
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Binders During Cold Storage Periods
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Abstract

This study investigates the physicochemical and sensory properties of the soy-based patties using k-carrageenan
(CG) and methyl-cellulose (MC) as binders. Soy-based patties were prepared using 0%-2% of k-carrageenan and
methyl-cellulose in proportion, and the quality change of soy-based patties was measured by storing them at 4°C
for 4 weeks. During the storage periods, the water holding capacity of ‘MC 1.5%+CG 0.5%’ showed high values.
As the MC content increased, the weight loss and cooking loss tended to decrease, and both values increased sig-
nificantly during the storage period. As the MC content increased, the lightness and redness tended to decreased.
The hardness and chewiness of soy-based patties tended to increase as the MC content increased. During the storage
period, the total aerobic bacteria and the coliforms tended to increase. The VBN content was showed 14.6-17.5
mg%/100g in first week, since then, the VBN content has continued to increase. As a result of sensory evaluation,
the springiness, taste and overall acceptability of soy-based patties with ‘MC 1.5%+CG 0.5%’ and ‘MC 2.0%’

showed the highest value.
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A Fol 7PF T Abgste AEA dHER sEUT
ol e FEUFEE S A ?}%(thermoplastlc

extrusion)3te] 253} v]5=3F A7HS
& Harper, 1982). TSP+
JF o] B4 =7 HH%OH 2
AAF2
A5 Az A] 5
2 (gel) 520
27 % AR, |
et al., 2013).
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carrageenan< $-XF=, A7
1857kl B0 Qo =2 A
AHEE AL Qo AW FFE
=3te] 43 o E37F Uk(Park
et al., 2008). Carrageenan H 42 o] Fof 71Id7FS &
Al e A Fel 2A7E Fofste] A5 7k AlFolu &
AS AFo) AFA R AFEHTHChin, 2002). =3+ 459
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ol YFE wAUrte g AaAA BrEs S
| wiEel 259 F48& E9FHChoi et al, 2015). &
& carrageenans 2#ol H7HS of AWEGE xF
FEANAM e A7E YEPATH(Kang et al., 2003). A
carrageenan< o] AT 4= o 20X 9] &3)|A]
7ol A, w7t Fristel] wEt Fa o] M o
o] Algo] AFHETHSong et al, 2007). WY A2
(methyl-cellulose, MC)E I2oA HE7} Eolxl= AA
< 71 cellulose gum S E, A 20)|A M7} wolA| 1L
7HE Al AE7F YolA = gt e] Ast Ed3te tE A
AL 7Y A Foll A FTHA, W -als PPAR AMEEHE
methyl-cellulose= &8/ celluloseE X g 53}
A3 7] W] T80l HA A4S /Y & AT
(Choi, 2018).

AzrA o] dlet A2+ carrageenan? TGase (trans-
glutaminase), ISP (isolated soy protein), 2] o] d-f-& 2=
AR A7k =5 g FZ54 AH(Choi et al,
2015)9} cellulose®} guar gum®] H7FE =8 o] A2k
o thet A-*(Lee et al., 1996; Lee et al., 1997)7} R IL5]
3t B SRA ] F tigh A7H(Chung & Lee,
1985; Lee et al., 2014; Kim et al., 2019)%= %3 o]t}
olMH &7 AFA ] e A= SEshA &E]

N

¢

2wk 484 Bulo] AHAE Abstel FAEHS B
@ QT HHE Aol B Ay 484 gl

A7 3}, a2g8)9 548 YeEhl= k-carrageenan®} 37
27338}, A 2g8le] 548 YER = methyl-celluloseE ©]
8ot Az A=A HE Y olstetA EAH s E A
gl sl A-aksint.
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Supromax 5050® (Solae do Brasil Inddstria e comércio
de Alimentos Ltda., Esteio, Brasil), Supromax 5010 (Solae
do Brasil Indistria e comércio de Alimentos Ltda., Esteio,
Brasil) 7 &7¢ TSPE 2l&4 HE Ao FAEE A}
43ttt A2HA| = «-carrageenan (ES food Co., Ltd.,
Gunpo, Korea), methyl-cellulose (Al1. Any Addy®, Incheon,
Korea)S AHE&Ig]on a3 2 Ea]u)Fuh (isolated soy
protein, Avention, Incheon, Korea), 7}=2}-f-(Chungjungone,
Daesang Co., Seoul, Korea), &=(CJ Cheiljedang Co.,
Ltd., Busan, Korea), A <*(Jeju province development Co.,
Jeju, Korea)S ARE-3H3A T

AZH OE[ M=
Kim (2019)2] ¥H 3 @didollA AlFi-2 A=y

[e]
AR gstel 4Ey AeE Azsgo Wgre

I o

E

Table 1. Formulation (%) of soy-based patties and experimental
design

Samples"
Ingredients
Control MO05 M1.0 MI15 M20

Hydrated-TSP? 75 75 75 75 75
ISp? 1.5 1.5 1.5 1.5 1.5
NaCl 1.5 1.5 1.5 1.5 1.5
Oil 8 8 8 8 8
cGY 2 1.5 1 0.5
Y (R - 0.5 1 1.5 2
Water 12 12 12 12 12

Total 100 100 100 100 100

"Control (k-carrageenan 2%), M 0.5 (methyl-cellulose 0.5%+x-carra-
geenan 1.5%), M 1.0 (methyl-cellulose 1%tk-carrageenan 1%), M 1.5
(methyl-cellulose 1.5%+k-carrageenan 0.5%), M 2.0 (methyl-cellulose
2%)

ITextured soy protein

Isolated soy protein

Dic-Carrageenan

SMethyl-cellulose

Table 19 YERJSATE Supuromax 5050%$} Supuromax
5010 12 (wiw)e] H&= &3tstal &3t F7Fe] sl
o] =& 9o 2417 B8t FEAI7I AL, 71 (WS-6600,
Hanil Electric, Seoul, Korea)E AM&-3lo] =3l TSPE 3
B2 &43F 5 YA 7)(SMX-C4545WS, Shinil Co., Ltd.,
Hwasung, Korea)& 273t TSPE 30%7 8t &
e TSP} #2 A EE WHE7](KMC550, Kenwood Co.,
Havant, UK)ll 2o] 3@Alo4 13 30% &<t &5 F
B3 JlstiE Yol 1 307 £ wEe of
18go 2 AFFeE T A} &(3.5 cmx3.5 cmx5 cm, wxdxh)

of ¥oj 3.5cmx3.5cmx1.5cmz AFAT} A3 A&
A HEl= Eg]ol 9 d(polyethylene, PE) Hl'd ol Ho}
WEste] W 4NN 477 Hastel BE AF 0U A
o 15d o= A 43e AP
EST oM S

A A AR FFS ZYSL, AF F A T
£ 249 ¥ Og o FRE4e AN

. Wy -m,
Weight loss (%) =
Wy

W,: Weight of sample before storage (g)
W,: Weight of sample after storage (g)

Hed 58

H 2 (water holding capatity, WHC)2 Kim et al.
(2018)°] W& Fste] 71xE A=E Yol & 94 &
el 28] AFW)E B3] B, £°CE2 2HH A
AL YAAEZ7](1580R, Gyrozen Co., Ltd., Daejeon,
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Korea)E ©]-83%d 3,000 rpmol A 1027+ A2 &,
A gS FAIW)E SHIUT B tFe] FAo=
ALkt

WHC (%) = (total moisture - free moisture)/total mosture
x 100

W,: weight before centrifugation
W,: weight after centrifugation
f: fat factor

free moisture = [(W, — W,)/(sample x f] x 100
fat factor = 1 — (fat content)/100

424 sEe] IAY A FAS A L 710 o
5% /1% 484 Aels] FAE ZP5 e 4L ol
g3to] tauBL 2l

W] _ W2
Wl

Cooking loss (%) =

W,: Weight of soy-based patties dough before heating (g)
W,: Weight of heated soy-based patties (g)

M =5
=L JHo

AN Z}A] (Chroma meter CR-400, Konica Minolta, Tokyo,
Japan)E ©]-&-ste] k=3t dAE ARe ¥WS Lk

(W%, Lightness), a#hi(¥ 2=, Redness), ba(Z =,
Yellowness)S 33] WhE = slgjon, ¥ waAgo] 7k
£ 1=96.69, a=0.09, b=1.89¢]| I t}.

pH &8

pHe A5 5S¢ T/FF 45mLE filter bagoll
Stomacher (Bagmixer 400VW, Interscience fr., Saint Nom,
France)E AM&sle] 387F #23st NS pH meter
(Docu-pH meter, Sartorius, Gottingen, Germany)Z 33] Wt
B A

&

d HEle] B4 AAMS Texture Analyzer (TAXT
Express—Enhanced, Stable Microsystems Ltd., Godalming,
England)S- ©]-83}] 7d &=(Hardness), X &1 /d (Chewiness), &
2] XJ(Springiness), -3-%]“d(Cohesiveness), &4 (Resilience)
& 24319t} Kim et al. 2015)2] 28 WHe 273l
probe= SMS P/50, 54 712 test mode compression,
pre-test speed 1.0 mm/s, post-test

oy

gy

test speed 5.0 mm/s,

speed 2.0 mm/s, distance 5.0 mm, time 1.0 s, trigger force

AFAZ AR A2 wEle] WA 5 FE5A 319

WA A = 254 gEe] gz By A s =435}
71§18 3k A71E] A (volatile basic nitrogen, VBN)
@—Eo]:% Conway‘?j ‘g_ O]_Q_i‘sl— U] El:i]-}\]dﬂ‘] o= 7—2—] ]—
(Short, 1954). Filter bagell A5 5g¥ SH/F 45mLE ¥
3 Speed 3914 37} Stomacher (Interscience fr)Z 3
3}5le] Whatman filter No. 222 o3&ttt o7 1
mLE conway &4 9F] ¥, WA= 0.01N H,SO,
1 mLE %3, conway dish &4 2LEZ] K,CO, X3}&
d 1mLE ¥ F glycering 740 vlE F conway
dishE ¥¥ 3t} Conway dishe] W23} o]Ale] folo] 4
o];(] g = 9]/\19] _Q_OHSL = 3?‘_%]—6]. Fr] 370C9]
incubatoroll A 1A 7+ b wFS A ZIth WhS-A17] conway
dish H42] 0.01 N H,SO,°l brunswik A1¢F 50 uLE ¥
¥ 001N2 NaOH &9o 2 ZHAsATH A & (blank
testy SHTE AMEate] Xdg F o 2el wet ALk
St

VBN (mg%/100g) = 0.14 @-‘-v%lifx 100 x d

W: HAF A& 23 ZHg)
/- 0.0IN-NaOH¢] 97}
d: 3] 4w

a: Alg &9 A4 mL

b: blank test % mL

IAH‘:' I=U\-I

A 34 F ABH Aele] durilaash gEEe
Goln iz A RS 5 g4 AFste] 45 mLo] A2 H et
37 filter bag®l Y3 Speed 394 3%7F Stomacher
(Interscience fr)Z TA3}lATE 233 AR oJA L
10812 GA 2o w 34 ste] D3 Plate Count Agar
(PCA, BD Difco Laboratories, Sparks, MD, USA)<%}
Desoxycholate Lactose Agar (DLA, BD Difco Laboratories)
o zFzF 0.1 mLY =3t PCA H3A]¢F DLA ¥
Fuj A= 35°C Incubator (HB-101M, Hanbaek Scientific
Co., Ltd., Bucheon, Korea)ollA] 8’“]7L Hj ket &
wjzlo] FAE 15-3007] Alele] & & ASsial 3
Al g Fete] mAES] J §45(CFU/geE 327]

s,
s}
AFY st #2200 A 409 PO B

7S RPsYPct Al 5= 2 E(EON-C326, SK Magic
Co., Ltd., Hwasung, Korea)ollAl 180°CellA] 1587t 713}
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of A8 FHE AR} M M= ARE UE
o}Xl Al steak sauce (Kraft Heinz Food Company, Co.,
Seoul, Korea)E &7 A|g3lAct #sH7t= 78 A=W
o] N13% HIIE AR HIE WERoM F2H9] 37)9)
A AdAsklen, EekaY 138 87 24 =4 9
2 ANE U, 20 3 A Alsioh AdAE A
el Ao H43 FrF g 2 FoAkeel thske
At & A= dFusta a8 BE &L
(Jeonju University Institutional Review Board)2] %¢1& ik
o} =3 = A THIRB No.: jjIRB-2017-0910).

SAEH

SPSS Version 24.0 package program (SPSS INC,
Chicago, IL, USA)S o|&3to] A3 Axle] Hia B35
HALE 3k h EAHEA(One way ANOVA)ZF p<0.05
o4 Duncan THEH 917 % (Duncan's multiple range
test)H = AHE-5to] ZF A7 Zhe] Fold S AS s

T = = =0 o
HEHE §AFC) F4o $28 HE 2, Table 2&
A% 484 e 55y Waks vepd ol
A zke] Aztel] wet A% 15 g7 REEe 2716
ot 235 E Bege daste FAE BAth e
Azl AHEE o] Gl 88 EE F7HIA e}
P AT, o] F gl

2 AZETHKim, 2019). 3+ 218 A= B Th
ol2F=et #AVE el =2 pHe EF5ES S7HIK

= A7437F AtK(Choi et al., 2006; Jin et al., 20
B ARelA A 717k wE B o] e pHe
7tel &%k Aoz wekEc

AZA S H7F v&d wEtA = control 2TF methyl-
cellulose”t H7HE A8 59 H4Ho| &3k=l, methyl-

—_
—_—
~—

ol 3

cellulose”t Z | 40ve] 8 HA-583} =3t digh A
49 712)7] W50 2 AZHE tHGlicksman, 1963). 2 9
T AFe Ay FT/HY AFAE o] &3t THE =5 FE
o] RS SRS W, carrageenan F7F AR ETH
D Aoldf H7E AlEe] Bggo] foHoR Eite
Choi et al. (2015)¢] A3} A sh= 7 &Fel 3T}, Cellulose
o 2 Aoldfe ARTxrE tefsld =& BE 59
I BEES 7R e, ©] FLF methyl-cellulose?t &
7HE HEe REgo] =2 Ao Z A th(Lee et al,
1997).
k-Carrageenan®} methyl-cellulose®] 7} H|&& 22|35
of Azt A e AR 717 T 7HEEES Table
33 2ot AEd dEe] EREe A% 157 ga
sttt o] %<l Stk A4S HAedl, 4] Y
I it A4S HAF A& By & o T}
< BERE T Ae vYo] o E St
ol (Jung, 2009), 7+E 732
Z+ AL 7 Uk B AFA methyl-
b & (control)2} H] L3-S o
S 2=, Lee et al. (1996)2]
A3 A cellulosed] TS Gelste] Axg =5 HE Q]
cellulose §&o] =S+ dE FEEC] HAFA

= A3 fARAT

(e N
5
N
N
=

o
1o
i)
o
fru
v
rlo
Nk
e
o~
ol N

S
N
—_
1152
N
i

A7F vEE gelste] Al

B

d
ox
B
il
o
of
A
<
(2
1o [‘IO 1o
H
&
(¢}
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%
2
ol
N
S o
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JE = o

O
(Jin et al, 2002) A&717F & A=74 HE H
7t FHEA UM dEFS F Ao dddr
ZHFEAL 1.04-2.04%, control 1.27-2.3
7Fel methyl-cellulose®] o] ZoldFE FaFE
o O} o] % Zpo|= Ho|A] 9Tt
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X
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Table 2. Changes of water holding capacity (%) of soy-based patties with k-carrageenan and methyl-cellulose as binder during

stored periods at 4°C

Storage period (week)

Samples
0 1 2 3 4
Control 574.74+1.51° P76.26+1.10° €68.86+0.84° 269.92+0.71° N%65.94+0.51¢
M 0.5 B75.51+1.18° €78.69+0.81* B73.20+1.49% €74.80+1.12% 72.22+0.83¢
M 1.0 B75.67+0.84° 8679.24+0.42° A76.94+1.88° 576.96+0.71° 75.84+1.80°
M 1.5 AB76.43+1.12° A80.67+0.83" A78.11+0.83° B76.61£1.32° 75.54+0.51¢
M2.0 A78.06+1.48° AB8(0.05+0.83" A77.59+2.04° A78.88+0.74% 74.27+0.35°
YMean+SD

NS: Not Significant

“dSuperscriptive letters in a row indicate significance at p<0.05 by Duncan’s multiple range test.
AESQuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test.
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Table 3. Changes of cooking loss (%) of soy-based patties with k-carrageenan and methyl-cellulose as binder during stored periods
at 4°C

Storage period (week)

Samples
0 1 2 3 4
Control £16.59+0.40° *15.77+0.27¢ A16.74+£0.23° *17.28+0.19° *17.57+0.29°
M 0.5 515.64+0.42° €P13.53+0.33¢ B15.83+0.24" 16.37+0.32% £16.50+0.23°
M 1.0 515.33+0.48° 514.15+0.11° €15.04+0.79* €14.96+0.33% €15.27+0.44°
M 1.5 €14.1120.21° P13.22+0.11¢ P13.79+0.38" €14.77£0.47 €15.19+0.40°
M 2.0 €13.72+0.35 BC13.7440.40° P14.15+0.18% €14.46+0.47° €14.73+£0.47°
"Mean+SD

“dSuperscriptive letters in a row indicate significance at p<0.05 by Duncan’s multiple range test.
AESuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test.

Table 4. Changes of weight loss (%) of soy-based patties with k-carrageenan and methyl-cellulose as binder during stored periods
at 4°C

Storage period (week)

Samples " 5 3 7
Control NS1.27+0.33¢ NS1 524022 NS1.76+0.12° NS 3240.06"
M 0.5 1.1120.09¢ 1.56+0.19° 1.71£0.06° 2.30£0.10°
M 1.0 1.110.00° 1.34+0.30" 1.65+0.09" 2.20+0.49°
M15 1.05£0.18° 1.31£0.17% 1.55£0.13° 2.13+0.24°
M2.0 1.04£0.14° 1.20£0.31% 1.57£0.06 2.04+0.31°
YMeantSD

NS: Not Significant
“dQuperscriptive letters in a row indicate significance at p<0.05 by Duncan’s multiple range test.

Table S. Changes of color values of soy-based patties with k-carrageenan and methyl-cellulose as binder during stored periods at 4°C

Storage period (week)

Samples
0 1 2 3 4
Control A71.36+0.20° A71.24+0.17° A71.36+0.02° A71.36+0.05° A72.84+0.06°
M 0.5 70.64+0.03° $69.79+0.12¢ 70.90+0.12° $70.22+0.13¢ 570.25+0.06°
L* M 1.0 €69.13+0.10° €68.74+0.07° P69.59+0.02° €69.70+0.11° €69.68+0.03*
M 1.5 P68.67+0.25¢ 68.47+0.10¢ €70.69+0.17° 570.24+0.23° €69.58+0.05°
M 2.0 £67.94+0.17¢ €68.84+0.10° P69.70:£0.03* P68.31+0.12° 68.18+0.07°
Control €3.99+0.03° £4.28+0.02° P4 4140.02° €4.54+0.06° P4 4140.06°
M 0.5 84.22+0.07 D4 43+0.02¢ €4.64+0.01° A4.75+0.01° 84.68+0.01°
a* M 1.0 A4.40+0.02¢ B4.72+0.02° A4.8240.01° BC4.60+0.07° €4.56+0.02¢
M1.5 A4.44+40.10° A4.85+0.02° B4 74+0.06 AB4 71+0.052° €4.57+0.00™
M 2.0 A4.49+0.06¢ €4.63+0.03° €4.61+0.02¢ AB4 7240.11° A4.92+0.01°
Control €21.20+0.17° £22.1440.09* £22.13+0.07° B21.41+0.14° 421.95+0.09°
M 0.5 €21.46+0.32¢ €22.7440.05° ABDD 42+40.09° 422.02+0.01° B21.48+0.11¢
b* M 1.0 423.09+0.07° 22.49+0.06° 422.55+0.09° 421.97+0.49¢ 421.99+0.06°
M 1.5 522 .24+0.47° 523.01+0.13° €21.79+0.20° €21.75+0.37° €21.77+0.12°
M 2.0 ABDD.64+0.14° 423.33+0.10° €21.47+0.12% €21.62+0.73¢ 220.97+0.03¢

"Mean+SD
“dSuperscriptive letters in a row indicate significance at p<0.05 by Duncan’s multiple range test.
AESQuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test.

M < control §E=7F 7H4 =33 methyl-cellulose”} 3712

WA 717 & AE4 HE e A% Hsh= Table 59 ANE7} e W 3he BT Carrageenan©] 7}
Yep At =S Yehlle L2 A% 717k & 98 #® 2FS A & 79 carrageenan®] 2F9] WERS
glo]l TS REEStAT AAle] M7t vl & wE Lt 7RAIA BWEZF SRS TS B3 (Choi & Oh, 2009)9F
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Abet A5 e A17Fe] ATl whet a3k o4
o2 Frtstdon, AZA| o] A7t v ol e a*ghd L*
kB3t AeS BTk Kim et al. (1997)E vl &
ol fre] FEFo] FUIETE A ATt Frkett
= A7AF4E Basiled], & AFet Ak A9E o
R A 717k A A FElY] brglel 2 9
n) X 2] gkt F39 TSP FUE7 F wha el
A FRE W AFEAS W B o] Ao
gltA] the ATA I Park et al, 2010)9F FALS
£ RAFATh

ool

o
=

9

=

=

o
)

=

— o
t

o2

i
<]

pH

k-Carrageenan®} methyl-celluloseS 2o Y3447 3 2
4 el pH W3lE Table 63 Zth RE A9 pH
= A7ke] Azl whet dolx = A3

>,
]
lo
o
jan
2
flo
=)
)
it
2
lo
ot
L

>
1o
Ay o

34, A7 FF
2} WH3}3l=d(Winger & Fennema, 1976), 5ol S35}
= citric acid, tartaric acid, malic acid 52| 7]2FMoon
et al, 2011)3} palmitic acid, stearic acid, arachidic acid
59 Auko](Lee et al., 2014) 2124 =E] 2] pHoll 3k
< vzl Ao 2 AZE Y. Methyl-cellulose”} H7He 2=
2] WEle] A F9] pH7} controlbt} 207 =T,
7 Aol el A7 E Bold s A& AFe pHIF S
It A5(Choi et al., 2008)9} F-AFSF 232 BT}

el

a

b}

N

=4 &8

WA 45 &<t A7e A= dEe] =ed A
=43t A3b= Table 73 2t} 7= (Hardness)$} 43
(Chewinessy2 217} A5 %2 methyl-cellulose2] &3
o] SR FoF R Frtske A Bk o=
1-3%2] & 2ol d{-E H7ke 71 UAGA, A7Te] &
oS X7 YA Axet A9 el Tt
Kim & Kim (2016)°] A7} fAMeE 73S Bk A%
717F % B4 (Springiness)< methyl-cellulose”’t 3 7FE A
BolA A vebson, S5 3 (Cohesiveness)Zt E-A4

tjo

A

oL

tlo

(Resiliencey> HTI2 A3S HolX] 9ty A& 7H] 2}
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Table 6. Changes of pH of soy-based patties with k-carrageenan and methyl-cellulose as binder during stored periods at 4°C

Storge period (week)
Samples
0 1 2 3 4
Control €6.810.01° D6.53+0.01° €6.34+0.01¢ €6.31+0.01¢ €6.06+0.01¢
M 0.5 €6.81£0.01° €6.57+0.01° 6.21+0.01¢ P6.27+0.01¢ £5.89+0.01¢
M 1.0 £6.85+0.01* £6.51+0.00° £6.27+0.01¢ £6.2+0.01¢ P5.94+0.01¢
M 1.5 46.87+0.01° B6.71+0.01° 56.37+0.01¢ 6.52+0.01° $6.21£0.01°
M 2.0 46.88+0.01° 26.88+0.01° 46.77+0.01¢ 46.82+0.01° 46.54+0.01¢
YMeantSD

*dQuperscriptive letters in a row indicate significance at p<0.05 by Duncan’s multiple range test.
AESuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test.
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at 4°C
Storage period (week)
Samples
0 1 2 3 4
Control  €1889.51£19.40°  E1704.5549131¢  €1910.96+175.93° B2175.11+48.09°  D2458.04+99.29°
M 0.5 €1925.00+68.12°  P1804.54+50.74°  €1932.19+174.57° 2123.09+80.76°  2596.91+:27.82°
Hagi]‘;ess M 1.0 B2119.60£161.78"  €1900.92426.86°  B2245.12475.40°  BC2219.82+141.33"  B2680.84+45.81°
M 15 42269.23+123.00°  B1996.60+36.13°  B2351.53+80.53°  52309.31+187.41°  A2808.40+55.51°
M 2.0 A2381.79+38.03°  A2087.86+71.74°  42680.86+81.18"  22596.35+95.40°  2868.17+63.10°
Control €345.02+17.16 €356.89+16.11° 403.121539°  P646.56+22.69° B722.59432.04°
. M 0.5 B456.23429.68¢ B544.66+14.6° B530.50419.43°  A746.39+12.99° A845.45+14.93°
Cheg;“ess M 1.0 A522.1049.63° AB57) 66+50.09° A651.16£19.07°  A774.52421.50° A843.77+18.26"
M 15 A525.45+12.96° 7599 49+11.04° B500.58+£51.13°  614.60+14.25° A829.16+39.00°
M 2.0 B461.51414.89° A592.75+12.42¢ A663.20457.35°  A742.88+37.94° A860.56+28.85"
Control €0.45+0.02¢ B0 48+0.03¢ A40.91£0.13° A0.930.10° A0.70£0.03°
o M 0.5 A0.67£0.04° A0.61£0.07" £0.86:£0.13" AB().83+0.05° B0.64+0.03
Spr(‘;ir;ess M 1.0 B0.62£0.02° A0.6140.04¢ B0.740.02" B0.79+0.05° A0.72+0.04°
M 15 €0.49:0.05° B0.51+0.02¢ €0.56+0.05" €0.63+0.10° £0.72:£0.04°
M 2.0 €0.46+0.03¢ A0.62:£0.04° €0.59:£0.02" €0.560.04° AB().68+0.03°
Control NS().44:£0,03° B0.47+0.02° A0.53+0.02° A0.50:£0.02° €0.47+0.01°
M 0.5 0.4420.01¢ B0.47+0.01° 20.50+0.01° B0.47+0.01° €0.48+0.04%
Cohesiveness M 1.0 0.44+0.01° B0.48+0.01° B0.50+0.01° B0.48+0.02° 20.58+0.01°
M 15 0.430.01° A0.520.01° €0.46:0.02° €0.45:0.01% A0.65+0.03°
M 2.0 0.42+0.02¢ A0.51£0.01° D(.4340.02¢ €0.44+0.01¢ AB().61+0.10°
Control N50),19:£0.00° A40.220.01° £40.230.02° A0.18£0.00° A0.18+0.01°
M 0.5 0.18+0.01° €0.18+0.00° B0.18+0.01° B0.16+0.01° £0.33£0.02°
Resilience M 1.0 0.19+£0.01¢ B0.20+£0.00° 20.170.01¢ B0.1640.00° 80.36+0.01°
M 15 0.18+0.01°% B0.20+0.01° B0.18+0.01% B0.17+0.00° B0 44+0.03"
M 2.0 0.19£0.01° €0.19+0.00° B0.17+0.01° B0.17+0.01° €0.45+0.04°
YMean+SD

NS: Not Significant
“dSuperscriptive letters in a row indicate significance at p<0.05 by Duncan’s multiple range test.
AESQuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test.

Table 8. Changes of VBN content (mg %/100g) of soy-based patties with k-carrageenan and methyl-cellulose as binder during stored
periods at 4°C

Storage period (week)

Samples
0 1 2 3 4
Control N$10.210.51° NS16.33+1.34¢ NS37.334+2.02° N$44.92+1.34° A53.38+1.52°
M 0.5 10.50+0.88° 16.92+0.51¢ 37.04+0.51° 44.92+2.20° A53.96+1.34*
M 1.0 10.79+1.01°¢ 16.63+0.88° 36.17+1.34° 45.50+0.00° €51.04+0.51°
M 1.5 10.50+0.88° 15.17+1.34¢ 36.46+0.51° 43.17£1.01° 5C51.33+£0.51°
M2.0 10.21+0.51°¢ 15.75+1.52¢ 35.88+0.88° 44.63+0.88° AB53.08+0.51°
YMean+SD

NS: Not Significant
“dSuperscriptive letters in a row indicate significance at p<0.05 by Duncan’s multiple range test.
AESuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test.

nglon), A%A gl Fgle] 302421 Wl A5
& Uehilo] 7} AR 7k 2] #Q) Ahol7h thehA] ergiek.
% AL W A, B G FRAME FolFel zfol7t vt
B wgtow], ARA Y] FHE Em 3 A

= 2]-8(Tenderness), ¥+2 4 (Springiness), tH5d (Juiciness),
Z " &= (Compactness), SH(Taste), ¥ Q] 7] & % (Overall
acceptability)S ZFAFste] Table 101 YERR AT <] &2
713 % dEoAdE M 1.00] 4212 7FE =8 A5 x

il
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Table 9. Changes of total aerobic bacteria and coliforms (log CFU/g) of soy-based patties with k-carrageenan and methyl-cellulose
as binder during stored periods at 4°C

Storage period (week)

Samples
0 1 2 3 4
Control B3 25+0.04° 46.07£0.07¢ A7.48+0.02° 87.78+0.01° A8.20:£0.02°
Total acrobic M 0.5 €2.99+0.13¢ 85 534012 7.27+0.07° €7 46+0.05% ©7.64+0.13"
bacteria M 1.0 B3 26+0.05° A6.19+0.10° BC7 33+0.01° AB7 880,13 88 00+0.08"
(log CFU/g) M 1.5 A3.56+0.07¢ 46.08+0.13° B738+0.03" AB7 874().08° B7.89+0.08°
M 2.0 B3 26+0.06° €5.3140.02¢ D7.08+0.07° £7.08+0.11° 57.99+0.08"
Control 850.,00:£0.00° NS4 (7:60.02¢ A7.23+0.05° A7.29:£0.12b Bg 07+0.12
Colif M 0.5 0.000.00° 4.10£0.01° A7.02+0.21° B7 0040.04° A8.27£0.08*
(102 ‘C‘;%’}Z) M 1.0 0.00+0.00¢ 4.1120.01° B6 69+0.13¢ A7.29:£0.06" €7.77+0.13*
M 1.5 0.00+0.00¢ 4.07+0.01° B6.69+0.07¢ 47.20+0.11° ABG 92+0,04°
M 2.0 0.00+0.00¢ 4.05+0.04 €6.43+0.09° 86 85+0.11° B8 06+0.07*
YMean+SD

NS: Not Significant
*dQuperscriptive letters in a row indicate significance at p<0.05 by Duncan’s multiple range test.
AESuperscriptive letters in a column indicate significance at p<0.05 by Duncan's multiple range test.

Table 10. Preference acceptance score of soy-based patties with k-carrageenan and methyl-cellulose as binder

Samples
Sensory attributes P
Control M 0.5 M 1.0 M 1.5 M 2.0

Appearance 4.15+1.20M8 3.92+1.20 4.21+1.30 4.08+1.35 4.08+1.38
Surface color 4.15+1.44™8 4.05+1.26 421+1.34 3.97+1.50 4.23+1.27
Inside color 3.56+1.43N8 3.67+1.28 4.13+1.30 3.82+1.17 3.67+1.24
Bean flavor 3.33+1.34N8 3.74+1.19 3.72+1.41 3.95+1.36 3.69+1.44
Tenderness 4.62+1.48™8 4.56+1.33 4.49+1.35 4.67+1.32 4.36+1.53
Springiness 2.95+1.32° 3.95+1.38° 4.51+1.12° 3.31+1.32% 4.33+0.93?
Juiciness 423+1.18™8 4.05+1.17 4.28+1.23 4.13+£1.20 4.18+1.12
Compactness 4.13+1.20° 4.26£1.14% 4.85+1.14* 4.70£1.15%® 4.67+1.11%
Taste 2.9241.44° 3.49+1.32% 4.03+1.56° 3.87£1.36° 4.00+1.41°
Overall acceptability 2.90+1.10° 3.5441.10° 4.12+1.42° 4.08+1.09° 4.28+0.83*

) Mean+SD
NS: Not Significant
*Superscriptive letters in a row indicate significance at p<0.05 by Duncan’s multiple range test

A e AL F F AUtk 2Rl oA FEagH o ¥, By, SHEY, /M9, A5, pH, B4, I
4 e {0 zpol7t gl o, e At e A71E A @‘%k, ”V 24, #5 54E S8k
AME= M 1.0, M 1.5, M 20914 && AZ=E EAc) Bge 2 717k wed 743 2| methyl-cellulose
ARHAR] 7|3 oM e e A s vlsgk 4 7} "7 ARG Bago] =4 e SEEAS i
#= E3Ath Choi et al. (2008 A=A Aol m 7 A o] o)A zpol7t gl o, 7ta7 e A% 7|7k uhel Eof
FE #Hrlete 713% H7HE Jdstd=, 1%, 2% 7 X 3L methyl-cellulose”t F7HE Al 5.9] 7FE7haFo] Wokth
o] AARl VR TS HE4E W= HAUF k-Carrageenan?] o] ol 4E 5o WL g BT,
ATH 2 FsH7Ee] I M 15 A8 s 54 AA A 717k et A EE ST FAE AFETS
ARl 715 %oM F& Zo® Hol, AE4 e o] Z2HA pHb ol on, At FIHL FUete AdFS B
2 Aotetriar Azhgich Aok AEA FE] 3 A7 A4 g nAE
—S— AZA| o] Hlgol] mE Zpole HolA| gfof, AAA €]
A= of TH7F @ad R} v E Sl JEFS vAA e
Ao FrEATh e 73 E Hrhe v, Aag,
E AFE= «-carrageenan?} methyl-cellulosed] ¥ &S & HAAA 71E%oM M 1.0-2.08] A87F =2 IF2 e
gste] A=A Yo AFAR Hrbsto] Azt 3 WTh
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Methyl-cellulose®] 8ol Eold4E FaFEA 3 7197
F HoA AL By Folds 1T AN, A=
4 HgE 22 o 29 A =
2%k, 71557t dold = =t m
7h ol 3t RS Bes] = Zlow Azt A4 T
Ejoll methyl-cellulose®] $HaFo] ol 4 W) trolx]
7] Wl AAFS HUbsloF & Aoz AztE) o9
2o A2 Hol methyl-cellulose”} 1.5%, x-carrageenan
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