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Gelation Characteristics of Oil in Water Emulsion Stabilized by Soy Milk
and Rice Powder Mixture Part 1: A Study on Gelation Characteristics on
Addition of An Acetic Acid Coagulant

Miki YOSHIMURA" ', Satomi EGUCHL', Akane TOURA?, Kyuya NAKAGAWA®

Division of Human Environment, Graduate School of Human Science and Environment, University of Hyogo,
1-1-12, Shinzaike—honcho, Himeji, Hyogo 670-0092, Japan
% Division of Food Science and Biotechnology, Graduate School of Agriculture, Kyoto University,
Kitashirakawa Oitwake~cho, Sakyo—ku, Kyoto 606-8502, Japan

Food hydrogel was produced from an oil in water emulsion of soy milk and rice powder mixture.
We investigated the rheological properties during soy milk gelation with rice powder on addition of
an acetic acid coagulant. The pH value of soy milk decreased on addition of rice powder and an acetic
acid coagulant. Soy milk with rice powder formed a weaker gel with increasing concentration of soy
milk and decreasing concentration of acetic acid coagulant. The frequency dependence of dynamic
viscoelasticity suggested that soy milk formed hydrogel on addition of an acetic acid coagulant and
rice powder. The time dependent changes in dynamic viscoelasticity suggested that palm oil retarded
soy milk gelation early and then promoted it a little later. It was suggested that the oil droplet which
was acting as an inactive filler acted as an active filler after that the first stage.

Keywords: soy milk; emulsion; hydrogel; rheology; an acid coagulant
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T3 [10-16].

A2 TIX, BENA Fuaa{ FESROEEY
Witk FHERHARE BRI RF2EETS. £5
TF—ZD&S R - B - Bz OERL L
B -2KOKREDONMIEREHEHLZNENS
EEPLWMRBL, O DOEFAr—Z2&LTCEH -
K- MEBIvLY 3 voLVA Y - KEoflfE L E
C7-BRERGERE L. AifEcid, 53 - X% -
WLy g v OBFBERINC X 3 X L{tokr %,
vAu Y -REEHET 3 FRELTCHETSZ L%
FhFEE L, ZhETEHADI L) -0 -2}
VIZk BEBREBICOWTORES [12, 16, 17] XHER S
{A6h3H, TI K- WBE2EALEZROBE
Biz& B 75 MLz OBTOREZIEEAERZLRE W,
ZZT, BN Fuand FELTOESIZERL,
BFEREEREIC X B 7 (b Lt u ¥ — 8 RIT§RE -
HIEREA OB DOWT, MMM A2 EIE T3 Z &1
Ko TRFEFL 7.

2.1 HHEOEH

T (HEREYF 22 2HA WA LAZA,
) X, AEAKEMARL, SIBEER (SM-20E :
W75 T8) #MWT, Brixfd5, 7, 9, 1LIZAEL
7= (BLF s05, so07, s09, soll &nd). fE8L 753
BAEMHOMICERICHALZ., EABL0RE (L
PRy RTRBLRGR), sS—a (FHuF—J L IT L
AT FEHEME, v L —o7), Bl (B : fGHEK
TXHE) 2DToOE FIRICTRAEL, HEHMER
QLABMEEO L L 7.

(1) REESO : T (so5, so7, s09, soll) & 100
mL % 3EARL, ThZhXE kpad) 0g, 5g,
10g #MMAES®, 7S— 2 (po & T) 50mL #M %,
ABAZHANKFEDFAF— (T25 7 ¥ & L ULTRA-
TURRAX : IKA ¥ % 23/ (R#8L) % T 13500 rpm I
T1HHEERLIA Lz Bon-A k& 20 g %518
HEL, ZNFThFERBEL, B (aa E77) 0% (0
mL), 0.05% (0.01mL), 0.1% (0.02mL), 0.15% (0.03
mL), 0.2% (0.04 mL) %3 T L7=. 3f 60 k% FH
[P

(2) FBHMEEIO : 530 (so7, s09, soll) % 100 mL %
2EARZL, TRETNKKS ¢ #MA RG], »S— LM
0 mL, 50 mL (BLF po0, po50 &7R37) #MA, *7H
= H Nk EYF 4 Y~ (T25F ¥ &% L ULTRA-
TURRAX : IKA ¥ ¥ /8 V%) % BT 13500 rpm 2
T1HHEERIA ML~ Boh=AKE20 g% 2EHH
BL, THhZNIZEER 0.05%, 0.2% WL, &7 A%
TI0MBFEL . B 12 A ERIL /-

2.2 HEO pH AE

FARMEELOD R %, pH 3 (Eutech #H#) #FHWT,
EEfE 0%, 0.05%, 0.1% #¥WE F#, pH 2 RE L 720/
TO@ARE L. 015%, 02% 22>V TiE, WFIC
X BBEEPEAL, pHELARRED 2D, HEETH
75(75‘07:.

2.3 EpEVLEMERIE

REEHOORR %, 5C T 48 KRHEHARER, R
REREEI VIS ICE LA % — % — (HAKKE
RS600 : HIMEHEWE) FBEIcD¥, BIFPRERMDORF
BRI EEREE2T o7~ 2y HiIcidsF& V8, BEE
35mm /S VLTV — FERAWE BIERE 25C T30
SRGEEL, IEHEEORICHEBESRBD S EH
DE0.021I2HBWT, HER 0% 1 rad/s 75 100 rad/
s T CEM XY, IFERAEE G B XUEEAIMEE G %
BlEL7z BEEOXYy vy A3 1.0mm ICREL. F
FHEHE@OBEBRE F%ORE, £0.02i12k0T, BF
BRI G I & CHRLMIER G DR 2 HIE L
7o, BUBHCEEERWE T 1 k2 BB O T & L, 604
I % 1T - 7=

3. BRLEEE

3.1 HEOpHZEL

TE - k¥ - HIERARAEE, FHEBE TR, RE
L7z ZATOpHZEI % Fig. 1122737, EFso5,
s07, 509, sollVWFhd, HBREEOHEIMIZEY pH
IBET L7-. EFso5, s07, s09, soll i3 WTHEEEE 0%
T, K0 g B K DKES5 g KK 10 g BRERAE
TpHADFALITET L2 EEER0.05% T3, XBHE
BB pH 2MET L7z, KK &ML 2508 Tk
BNz & D ERLOMERENRD, TOLOKRHBEOS
WHBApHDETHARENWZ LA#ERINS., FFsob
25 soll IS T, BERRIRE 2% 0.05% & 0.10% FRNEE
IZHBWT, pHDIETHBERICAZEAIALNZ. &
g, BEHBEEO LFIZffvwa v s BERBEINL,
ZO7ORMENIHEBRECEA LT ESL ZDELHS
BERICE I EBHEREIhSE, IhET, BIHOE
2357 NALIE H5.8 LT TA S M/z [16]. KK Tid,
sob IZEER 0.05% DKM 0g, 5g, 10 g &M, BERE 0.1%
DOXK¥y0g, 5g, 10 g @K, so7 iZEEE 0.05% DXKHK} 5
g, 10 g 3K, BEERR0.1% DK¥F0 g, 5 g, 10 g &M,
so 9 I3 EERR 0.05% DK 10 g FK, BEER 0.1% DKKG 0,
10 g 36, soll DEEE 0.1% DK 5, 10 gFHMIEH
WTpHS.8 T & o7,

8.2 EIRIREMOBRBEEES SURBEKEE
B - R - MhARTES SR B O B AR B o R
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Fig. 1 pH of soy milk and rice powder mixture.

s0: soy milk, rp: rice powder

He7EM % Figs. 2, 31239, T3 sob, so7, so9, soll
ETUITHWT, BER 0% KK 0 g 30RHI R 8 Bt
WTGE>GCERL, K&ELBEFERKGESALN DT
R 228 %R L7, BE# 0.05 ~ 0.2% KM 0 g KT
BRGEBIVGCDOHEIRELS LD, G>G &k, J
e nzE L B3 - kK - WmBRARRHE
DOBEERRINIZ &5 pHIETICE Dy b8 EF L2 &
BB E NI, so5 2BV TIREER 0.15% TG B &V
G'DE»RALEED, BB 0.2% T G H LU G DEIE
BT U s09, soll i2BWTHEB 2% TG ELT
G"DENRRZKRELE 7. ZThid sob TIHHIEEME
, BEBERETES7-0, Thll LEE EE kh -
I EARERIND, £/, sob&so7T EHEBRLT
solliZH W THERREE 0.05% £ 0.10% D G’ B XU G”
BWHUIFABHEL oz, ThiZ, soll TIITAE
ErEL, MRE DL TESZDEBEI EL L2 -
AR ENS. Z0DIZ L3, Fig. 1 X 0EERRERS
0.05% & 0.10% THIBELE <L & % & pH &2
BIZLEAZHARKPLEHEEhSE., L2/ -8-52 b
VEL-TAAAYVBREAWETILOBRERDOE AR
BR[12] 12k % &, BERIIHERE DK EZ VWEE LK
BEORER CTHEETE, ZOMEHENRRBNTRE
FEABBENEICE S LRBICEE S VITAET S
ZLeEHEL TS, KIFRIZEWTE, sob Tid, B
FUCH LEBRELR S Y LORED =Y G B LU G5

BFLEZENEZ6RE. ZhbonZt ik, 3. -
A¥y - MIBEERZEBERMIZEC A2 5 5L
EEEL TP, BEARBICBLC THREBEB IV
LAMBRENBELS I ENHERINZ. XKBEILI
B4 5L, s05, so7, so9 T, kBogkvXkWs5g,
10 gDHERGCBEOGDENRKREL LD, KHED
BIMCEWTS AR k522 LRI S, soll
Tk, KB0og kKM 5g, 10g DHIHBBEEDOE
WEHE GBI U GDENKREL 575, BHBREEME
WX G B LU G DEMB/NE L & o 7. soll T,
BHAPORGEE VSBT3 HBES D &< pHIE
THEEIZED, FABFEDIIE S Z & BPHEREX
h3.

3.3 N—LHWEEDEE

GE - KBRS RAR D/ — AWMERIC X 2 EEH
MR EKREERE % Fig. 41207, REESHOD
507, s09, solliZH T, T RBESRABD/ -~
LERNTIE, 60 2R TW % 0 8N U PErEIzE
L7z, N—LMWRED G'H LU ¢ OEBRGEME T,
W3R EHL, s09 & soll ClEb B/ TR ERL,
F720B5IZ EHL 60 4B TR, /S— L4HBEARS
W= 2 MERMEVEIRL & o7, 73— 4750 ml
ERETHILT, T - KBHRARHEOEH DM
NEXEPT 5720, KEL VIS BEVPBST S
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Fig. 2 Frequency dependence of G’ and G” for soy milk (so5, s07) and rice powder mixture.
so: soy milk, rp: rice powder, aa: acetic acid

EHWEREND. WHOFEZI S VOEET 4 57— &
LT 322 Ao hTHD, MEOEENT L
DR AERET S LrMEEh TS [17]. T3 -
KEHBARAB D/ — 2HIEA T, B EOR
LROMBICBOTHELAREN, Y 4 7 -2 67F M
T45—IBL, CGBLXUGCPBEERLEZIEDR
HmEnb, Zho XTI 7 A% W
TB3H, b2EPETXNLEREL, TORIIVDER
PITEITT B Z LRI,

3.4 2HNER

wede, RV BELEREDIVLY 2V TH
D, BEFOFEM-XY pHDET, BEKEISZ L
T, RN BEEBE LTAREDAEZBEEL LR
KEOCBVEBOFr LVRERE/ 5 [18]. 7=, i
FOHEDEMET B LICE > TE X AERIEID,
MEAL 2GR0 BRI T IHETHIGELLE
/5. Zhoid, wihd, KEZ VST ERME
WhkoTHEES V3 y VY- BEERERTEZ L
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Fig. 3 Frequency dependence of G’ and G” for soy milk (s09, sol11) and rice powder mixture.
so: soy milk, rp: rice powder, aa: acetic acid

FRALZLDTHS. AR TE, T - KBES
Fid, IR EEETI L pHAMETL, X 6I1CH
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Fig. 4 Time dependence of G’ and G” for soy milk and rice powder mixture.
so: soy milk, rp: rice powder, aa: acetic acid, po: palm oil
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T KK - WiE» S A ADHBEHNOI VLY 3
VRS ERENA KOS AR 7. BERRIICE B
T - KBMEBEARABMDO S MLDEF 2L AT Y —
EHLOMEL .

GEE, KB ORA L BEERARINIC L D pH 2ME T U 7=,
BOREEORBEREE XD, SAICBERBERS
TRZEIKDTFNEERT S ZEnfERENE &
o RBEARI VL, EIRENESHBREND X
WIBA R T NBTEL ko 2. BEPREREE O B kAR
KD, N—2rWESICLD, HTIEAO S LILE
HHT 22, Z2OBRIINALERET 5 Z & HPHERX
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