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Rheology of Soymilk Gels: Effect of Carrageenan and GDL Addition
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Abstract

Gel formation of soymilk in the presence of carrageenan and/or GDL was investigated using a dynamic
rheological technique. In systems of soymilk/carrageenan, the gel was formed only in the presence of
carrageenan and the rheological properties of the gels were found to depend on the type and concen-
tration of the carragecnan used. At low concentrations (< 0.06%), the gel strength was found to be in
the order of 1- > k- > A-carrageenan and it has been attributed to the possible formation of complex
between the soyprotein and carrageenan, and ‘excluded volume effect’. At high concentrations (= 0.1%).
however, it was found to be in the order of ¥- > 1- > A-carrageenan, possibly caused by the native char-
acteristics of carrageenan gel. In systems of carrageenan/GDL, the gel strength increased with increasing
concentration of the GDL up to 0.1 M addition, followed by a rapid drop afterward. In systems of
soymilk/GDL/carrageenan, the gel strength was found to be higher than that of soymilk/GDL system,
regardiess of the type of carrageenan used. The effective formation of the complex by the addition of
GDL has been suggested for the observed synergistic effects.
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M =3 7S(B-conglycinin}®} 11S(glycinin)’} thi-H-9 2423}
T oon, FE Az 3 & o] 78 % 11S vl
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Fhel A g o)
system)oll A o5& EFAE A3
coacervation) 2-& g8 B84 (thermodynamic
incompatibility) HelE E_OIUL o] AL AEe] E
Aol] 213 Je F= FoE dHri(Tolstoguzov,
1997). olgl FH A E“—’H At deEgo] #
g A7t A&Hog FYEo] @ AT At
W 519 2 (Tolstoguzov, 1997; Dickinson, 2003;
Tol%toguzov 2003) o] & vlge g og] AEo] 7z}

% v H7F "7 =l sdth(Imeson, 1997). 53]
carrageendn/mllk protein g% 280 T3t Ap
(Hansen, 1968; Schmidt} smith, 1992; Xu er
al., 1992; Piculell, 1995 %3l o8 FTH &
A Z-of] A7 e 2L A o (Thomas,
1997).

Carrageenan $2FEHE 5% §o]4 &
25l B3 F (anionic sulphated polysaccharide)=
A, A 2 M 5o 7T E Qs
2 EAGelA de] AHgET o] R F ke 1-
type U0l EA &l FE7194d A(thermorever-
sible gely& A3, ktypet sulphate ester groups

1A (complex

u{m i

carrageenan©|

=) tﬂatol EI(~35%), F1EY TRE st A&
A ElA] H W}(Ennquezﬂr Flick, 1989). x- % -
carrageenan®] 735, 74 FAMAE 60°C o] 7h

gl F3tE A random coil FENE HPH L, o]
Fglg A=A WzispA sttt As)
# F coil-helix Ao)7k Aokl o]ojA helix
Tz ol dojub Asrt ¢k ErtkMorris,
1998).

B Aol A= carrageenan H7F TR fuE
A QA dig 7z ARE F5e 24 WM F
Fdo) sl A83l] 2k, Fiell carrageenan
&% d7kste] ¥A4A1Z] soymilk/carrageenan
E3del A “7“3 soyprotein-carrageenan g
1, °& soymilk-GDL-carrageenan
system®]| 73.%6‘}@] oymllk/GDL/carrageenan =3

Tz H U

0 z]]_,l_%_ ;H_‘,:_b z}oﬂ oz ;qt’ h:%z]%i%o
ETH A FH9kAL, GDL(glucono-8-lactone} Sigma
APRRE FYSHLT carrageenan(ic-, 1-, A-type)
FMC E45E A|3wol ARE-at3irh
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FR(soymilk)2| M=

T 150 gS 20°Ce] FHFl RN IAsY
S8 FIAIR & iﬂoﬂ WREle] AR SRS
AABAL 500mLe] FFTE THte d& EE

(NF+5)S mixerE 01%3}04 457¢ visle diF
vl 85 ARt o] vpllES Aol Yo
1

A& 3 AL ANRe HYE FHE SUvk F
o] duk MRS FR 865%, Z¥h 508%, B

32 4.0%, AW 3.84%, FE 061%A3, pHE
652 Aok

=5 I*EPS (dynamic viscoelasticity) SHE Al

1?—%011 H7VE(x-, 1-, A-carrageenan, GDLYg 41§
Z70) w} F5% 4 (carrageenan: 0.01%~0.3%, GDL:
0.01~0.35 M)E i”}fs}fﬂ] Aol A sEzF 2 BAE
A7|AL o] ERHES MFHLE o3t 587 A
glate] F718 AAT F olE T JaA 38&
ANz &kl

== HEM(dynamic viscoelasticity) &4
iAol B4 HekAS Controlled stress rheometer
CS-10(Bohiin Instruments, UK)E ©]-83}] Dickinson
3} Hong(1997)°] AH&-gk Wi o s ZA89h33]
HHE) B A@dX e 7 FrkEe FAvtadE
VR 7] flske] BFAR] TRl Azl b
< AlEA %1, dedt A|lEE o2 e
AlRE 7)o gol Fzo] wWyor TR fHs
3 A44dg 33 6’}5’&5} é, # 7} %(carrageenan,
GDL)& FHAIEG mL)E
concentric cyhndncal cell(mner diameter:
outer diameter: 27.5 mm)°ll ¥ A &)
7] 98 AR Ee] HIE 2dg AHg3le] ARE
Qe & st dske A freEle Aol 4
WHELE 0.5% strain ¥ 1 HzollA 27819920 (small-

25 mm,
Azg o

deformation oscillatory shear rheology), *%& 7zt
T de AIAE GEEE) ¥ G'EAAEE HYst

A}, 7rEMd 242 71 30 — 90°C(1.5 K/min),
A 90°C(30 min), Y7 90 — 30°C(1.5 K/min),
2] 30°C(20 min)= sk oh.
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2, HEe =1 stollA] Ao e FAHY &
A7 AL 7he AR FHe F2F HskE
Fubgtt), ojEidt 22 Wzl 9 FAE Ao &
Wk EAe H] u% 7|4 (non-destructive techni-
que)$! ‘small-deformation oscillatory rheometry’ &
Batod FAPEE £ o B AFoA o] Wy
S o] g3l FAdE FHA fuEgH 548 H
7velR AL, A48 Ao e E(G, elastic modulus)
W HAE(G", viscous modulus)E FEHIATE Small-
deformation oscillatory rheometryollA] 2] {4
EA BMe 7leiE Ae-g-8(shear stress)yd AT
& (shear strain)Zbll Ad vj# #AVY AHste
A& ebd T17Hthe region of linear viscoelasticity)ll
Al EAslof sk, ARty oR FRAY 2
3l Ao Myt F7HE HThHEE 1% o=
de# ASTZ (Dickinson, 1992; Dickinson}
Hong, 1995) & AgolME 0.5% AdH3 S (shear
strain)ol| Al A H-E 285k

FHAGEE 5o fEeE 4Ze vjEF e
GDL 59| 34 A7l 2sija Wsi==d], A
Axo] AL FREH AgH Fol AHxle A=
Frshed 2838 947 Fgsin, FF N4 E
A8 o8 TR HE HUE Fysie @
(Stephen} Churms, 1995). =3k ThilZz A
o] tgHole] Asaed B4 4FEe 2AY

1
FENS SOl 3% 9L WA F 9o

B owE o Losle njo oz hu

(Galazka et al., 2000), 2A|Z carrageenan $-f-
dzalol A3 EAdog 9ldle] ME5HoR FA4
o 84xde 8 8" rH(Thomas, 1997). &
Ao = ol carrageenans H715te] A Al
7 & AR e e dAE soyprotein
3 carrageenan 3 2E-0 5 Az} &4

Fig. 12 FfAe fugs Addo g «
carrageenan®] 7t a3E SN EGHE VeRIL
ATHE 10%). 1A B ule}l 7k x-carrageenan
& H7KEHA] & 79 Aol FAHA AU, x-
carrageenan J7Hl &l Ao] FAEHJoH, A
HEFEG 2 G F7F 59 78 vEof
FolAle Ao FFHAUTE Carrageenan 7ol €]
g oirehd 52 544 Fxe] Fvte oy d
T2k eE|A] B3 E = (Ipsen, 1995; Kampfe}
Nussinovitch, 1997; Baeza et al, 2002) ©]&]3%h
synergy BE AWa7] 98] 0.1% K-carrageenan
& R TRl diste] @48 A4 F AEA
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Fig. 1. Influence of x-carrageenan concentration on the
viscoelasticity of heat-set soymilk gels. The elastic and
viscous moduli, G' ({3 ) and G” ( @ ) at 1 Hz are plotted
against carrageenan concentration.
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Fig. 2. Development of viscoelastic parameters during
thermal processing of soymilk containing 0.1% x-
carrageenan. The elastic and viscous moduli, G’ ([] ) and
G" (@) at 1 Hz are plotted against the time. The solid
line without symbol denotes changes in temperature
during the thermal processing,

W32 A9 thFg 2). Ex4els Algksle 90°C
FA7F B W7k Age d4RAe EAS 5
sla Uler, ¥AE AlFEle 75°C Frol|A
oF G'>G7F HEE] A el A=
& & UJL(Clark, 1991) o}F A PEe
} Z71ete] AN FE &% 41°C~35°CAlM FA3% 69l
Z7}7F BEAHUTAE1C = 69 Pa, 35°C = 268 Pa).

k-carrageenan®] A3} L= ool Ex) AF =
< H7l %o et 24 el d(Thomas,
1997), 0.5% x-carrageenan 4~2-24¢] 729 A3} 2
E(TyE % 20°C o] e oz F&d I &

do X do
o djo o
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Ak Gl Fro oEYE BATHT, 20.1°C
(+3% DAY - 374°C (+13% DYE)|(Xu et al.,
1992). w2bA Fig. 2004 k-carrageenan®] H7} &
T Xu et al(1992)¢] AS-EHT} 2 0.1%°]2Z
H) A #4204 (41°C~35°C) #EE F4% B4 E
9] &7} Kk-carrageenan A} AHA|9] Asle] A}
Zyt A7) o]y} Glycinin ~31%7} carboxyl
groupe Z+= asparagyl ¥ glutamyl 7H71(residues)
E HA3MY systeme] 7o) pH>pld W Ca™&
o7} Z(bridging) carrageenanz} HH71A o2 A
= o o(Kampf®} Nussinovitch, 1997), = 43}
glycinin/k-carrageenan &3 Zl(Ipsen, 1995; Baeza
et al., 2002), soymilk/k-carrageenan &% A (Kampf
¢} Nussinovitch, 1997)°] 2 A= 2 A3t 257}
EoRle Aoz BIHATH TF, Xu er al(1992)
o oJ3lA Ca™cfl ¢]§ carrageenan-milk protein *3
3. 2+8-2 carrageeenan ZA3HA] 3] (junction point)
& F7hhe 435 A8, o] A3 pH 6.590
Al HdZ He pH &EAE 20T 9. B
Aol AME-3 FH9] pHE 6.584 &3 Kampf
2} Nussinovitch(1997) ® Xu er al(1992)2] AE=
ApH)E =Eslez i F9W A glycinin £2 f-
conglycinin)3} k-carrageenan?toll A A71H A
71 £ Jom o|F <late] HlwF A A
@1°C-35°C)ellA A Z=e] 44 F77F f=d
Aoz Atadrt =3, Fhol EAlse tE 48
Q@ oA, @818, A3 F) k-carrageenan
2} o83 B84 (thermodynamic incompatibility)
S vehd $ glomE o] AEE o3 49
“excluded volume effect’™ #HF 7 7txol o= A
T 7193k e Aer 48 4 AdrkBacza et
al., 2002).

3HH, glycinin® B-conglycinin®} ¥ WALLE
Z}z} 84.5°C 2 72°CZ(Damodaran, 1988), carrageenan
S HtEA] g2 FRe ©Ee] FEE E W4y
HAZE Eraty Aol FAHA @sdrh o=
F2 o pr §Fo8 Q3 32198 TR
Aol Hadt 83 3% (junction point)o] H
&3l BAg Aoz FAHE & Jed (Clarkdt
Ross-Murphy, 1987), Fig. 2014& ©]¢} tjzzo g
carrageenan®] EAE ¢ WAHA F 75°C B2
oA Aslzt xRl dde] 4 f= A3} 7
g 2xo g dEshd WAy o A 7
T9] #E3 Fuit FEEEd oy 2 d WA

Wz g2k dojube A AY Tl <8l
Attt Stk(Beverage et al., 1984). wWEhA]
Wzizky F 75°C F2olA #EE A3hs carragee-
nan &3 slollA] € HAAE WHE B} 7ol Uof
e 4 A% 53 #¥e] e Ao FAHY
(e.g, FRAY 53 F) o9 #AHS st #A
2 dgo] Hagt Ao Algdr).

m2tA Fig. 1, 2238 Ff9| x-carrageenan2
H718 7% 1) soyprotein/k-carrageenan A7+
AANA A7 2) “excluded volume effect™ol] <]%H
K-carrageenan®] Z3}oll ]34 soyprotein/x-carragee-
nan £ 7tx=e] FUHE 7|l & ok

Carrageenan K-type, l-type L8|3 A-type &2
2 o]E2 sulphate $H&Fo] Z}7} 25%, 32% % 35
%= AFolE Bl thImeson, 1997). &% W2 o
T AR carrageenan 29 EFHo] F2 AHA7]
AstolelH carrageenan SFHE soymilk/carrageenan
A AT A mAle FFE Hrlkdle
AL FvR & ot}

Fig. 3% carrageenan S-7ol @& 7R A 7
2(G) 71 AFE Hlaste vk A FEA
(£0.06%) A ZJ=& type > K-type > A-typeo| 2
on, o FEoME(= 0.1%) k-type > i-type > A-
type <22 UENT) Langendorff et al(2000)
K-, 1-, 12|31 A-carrageenan EF FRAIQ] T o
Aoz AFE & U+ BRI,
Galazka er al.(2000)-2 t-carrageenan/11S globulin
ESHA A4S Bas v ok Fig. 3¢ veRd df
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Fig. 3. Influence of the type of carrageenan on the
strength of heat-set soymilk gels. The elastic modulus G’
at 1 Hz is plotted against carrageenan concentration: ll,
x-carrageenan; O , 1-carrageenan; V¥ , A-carrageenan.
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2 A FEAM(<0.06%) HEE A e A7)
2718t carrageenan Al E2] sulphate 5 X}o] A
oF A3k Qv AL FHE vhsith(h-type A 2)).
Soyprotem/currageenan Aglel HAo] Ca™ o] w7

29 7k @A (bridging)*)EFH sulphate Ehafo
:%%:Fi chal A o) ZxE stwdEAS g
glom, AHAZ Morris?} Belton(1982)2 ZA 4=
(calcium-induced) t-carrageenan 2] 7% w-carra-
=o

ﬂ4>

geenan 2.t} sulphate &3o] =& 1carrageenan°ﬂ/\1
b o EShe Harskich weba ojgf &
AFgh Zlal(bridging)?} A w1 Arp AR oA
e o™, 1carrageenan F7F FHAOl k-carra-
geenan F7} A5 Kl A /1~L 7} =t &, -
K" 3 Ca"3 7has 2 JAskA &

O

ot

carrageenans K
3 A 7L vl (micelle)ho] G712 Aol
olslA] <kst AL YA sh=1l(Enriquez®l Flick,
1989) Fig. M x oje} falel Agk ok = A
714 soyprotein-A- currageenan 3288 ]LH 5}
oo, A s kype RO RUTH AL FE
H7te] A9 A 7 E7} K-type > ULtype > A-type
A2 Vet A Tes] carrageenan®] w2
Z7toll Z1olE slom MRy F. FUT Z7(self-
supporting gel H4 % 9 IAEAH F)lA «
carrageenans e7F B2 A2 t-carrageenans 7
T gou) ghol ‘Zl? A& /s %M Enriquez
o} Flick, 1989) A-carrageenan> AHH|7} 24 &4 F
go| Q1oL whiz A4 Al olsiM As
FAsEE T B tre dg dAske AL
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Fig. 4. Development of viscoelastic parameters during
thermal processing of soymilk containing 0.01 M GDL.
The elastic and viscous moduli, G' (] ) and G” (@) at 1
Hz are plotted against the time. The solid line without
symbol denotes changes in temperature during the
thermal processing.
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2 o},

AA FHA Z, FHE 7R F6ol GDL B
o] S$AE Hrisle] Azsh=d, B A3loir=
GDLE &9 T4 #r)st
AL PAAZT Fig. 4= E
001 Mg FHfshes el fHe
(G 9 Gy Nk 2
A&7 (120, T=30°C) T A {1l %
d-& UERNT (G'= 05 Pa, G"= 0.6 Pa). ©] %
SF2 oF 204k olE=717kA) £ ®ish} gllony, ol

k)
2 (r= 22 min, T= 65°C) GO A% 271} v
ol A FAS ou|sk=(Clark, 1991) G'9F ¢"9l

“cross-over” 7} THEAE QNG > G™). 90°C FA 717
T YHEG)Y oA vha Fbskubsb Wbt
(90 = 30°C) Fl G WL HAs] F7isted 30°C
oM #HE 2 G'= 1258 Pa ¥ G" = 253 Pao
2 #FES

Glycinin® B-conglycinin®] & WAL= 7hzt
84.5°C. 72°CE K. (Damodaran, 1988), 23k
GDL& #H7letAl %42 EFTrC’ﬂ iste] Fedst FAH
{J/] ‘7]_;(4% EEH 040 7«3 JD#(Flé 1) }ﬂo} 63
AMEA ergrom g Fig, 4°] “cross-over ol A ¥Hzk
A gAHe i) Al ulE Ax}(%ge_
Aol e|gk Zle] ol GDL 7ol ©]
& Row Az £ Q) ojHe] we Oflrﬁx}:__;
o] 2lo| Az} FAEA GDL #7218 soyprotein
gel(Yoshida er al., 1992: Kohyama ef «l.. 1992:
Kohyama®} Nishinari, 1993) 2-& S-#7(Shen er
al., 1991; Kohyama et al.. 1995) AL X8l
T} Kohyama et al.(1995)2 GDL-Z3L S=4-e] 7$-
u]/q u}auzlo] ez} 134)\-]5] 3. GDLZ%-E] _”_‘,Hc,}
protono] WA o] ¥ridsts o o vy
g Bazke] A4 S (hydrophobic coagulation)
& fFE/Elsle] T8 do] yAEriy &glon,
Kohyama®} Nishinari(1993)¥= GDL 7}l 2|3}
system®] pH7} ol Al soyprotein gelation kinetics
7F Hsket 4 &g skl A s Kohyama
et al.(1992) glycinin + GDL systemol| 4] GDL #
]‘ g ‘ZJ‘“‘]/L A7t AAgE 2% latent time’
> Horstded], wEbA 1= 22 min(T = 65°CrellA]
?3 EJ ‘cross-over & GDL FH7Hl W latent time
of ofgt Zog & £ rf o]F 2k Aol
gt o] d WA AFA
&gl ulghunfolding)

gation)2]

r‘J[o

\'J

(hydrophobic residues)”}
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Fig. 5. Influence of GDL concentration on the viscoelasti-
city of heat-set soymilk gels. The elastic and viscous
moduli, G' (3) and G” ( @) at 1 Hz are plotted against
GDL concentration.

G AR} 7k A o] o]FoiA Kodama
et al(1995°] A& FHAo] dd o= XS
Het gk, Wiy F o#EE cowe F4% 4
T2 Gy Rz 7te| Y= tE FLAEY
(multiple hydrogen bonds)ell 7191El= Aoz 4
HArh(Beverage et al., 1984).

F5A dAde tiE GDL H71adE TAFeR
AEs7] 935le] GDL #H7) 3 WHIA|A d&
A#}E Fig. 59 YERfIT. GDL F=& 0004
035 M7HA F7HAA ol Hobel & ASE f
ZatHen ol de FHAde Axg @4E
(G) 2 FAEGHE B39 viad ¥ GDL
SEHLAAM (~0.06 M) H7HEF F7te} viEo] 4 7}
=& F48 F7lsitrt, 0.0 MolA HAZHG =
4327 Pa, G" = 1004 Payg Yepl, o]% A 7w
© Aaste 02MollA i @ A ARG =
595 Pa, G" = 129 Pa)E JeRJAC)

A5t vlel 7Ho] soymilk + GDL system©llA] 2
P2 7EHoR Ly Afelnz, i B
12y &gd A#E 48k 2A4A(F, GDL 37t

g duE BExle]l Fw A3l Ashe] st
o8 4 4 ik &

#3312 BH GDL
FE Sl W pHe Tide Aoz #EFHA
=dl(Table 1) #H 4 =& vepd GDL 0.1 M
A7F T2 pH7E 53590, W2 A g He
GDL 02M 7} T8+ 44830t duxoz

WA As) JEx pHAEAE Holsul, 5HH ¥

Table 1. pHs of the soymilk containing GDL

Concentration (M) pH
0.01 6.35
0.03 6.02
0.06 577
0.1 5.35
0.15 5.08
0.2 448

2ol|A A7 A A}S AL (electrostatic  interactions)
o] HAa= Hol| wet @A F3o] Lojsly
(Dickinson3} McClements, 1995) A 7=+ FHo)
e VERNAL, pHYT BT} AV 2E o A 7
T Yopzitk(Paulssons} Dejmek, 1990; Ould Eleya
9} Trugeon, 2000).

o] Fa el 78, 11S 2o FHAFEL
747z pH 6.4 % 4802 4#HA 9O (Garcial et
al, 1992), ol& ol9)dw ttg THHE-E zhe o
#o] 9129 & (Fukushima, 1991) GDL 0.1M 7}
o oJsir =HE FF pH 535 Ff F @uA
A S 88He® =¥ 4 U3, GDL
AHrtel efsiM Hdl A =g Jehie o 583
Z310] ¥ Zlog wojn &g GDL 02M 37t
el pH4.482 7S A S wrhe Wi
ojm thiA Hal= oRE < A3knet charge)s
HZ 2 acid coagulant GDL2} F#3 35 7|0}
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Fig. 6. Influence of carrageenan concentration on the
elasticity of heat-set soymilk gels containing 0.01 M GDL.
The elastic modulus G’ at 1 Hz is plotted against
carrageenan concentration: B, x-carrageenan; O , -
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