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Chemical Modification of Soy Protein Isolate : Miscibility Control
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ABSTRACT

Upon mixing with various epoxides including glucidol, styrene oxide and epoxydecane at pH
9.5-10, soy protein isolate (SPI) was hydroxyalkylated, mainly at the lysine residues, to
produce SPI-CH:CH (OH) R where R is CH;, CH2OH, CeHs or #-CgHiz. The modified SPI was
(i) soluble in water of a wide pH range (5-10) when R is CH:OH and #-CsHiz or (ii) miscible
readily with water and organic solvents such as methyl ethyl ketone and dimethylformamide
when R is CHz and CeHs. In the second phase of the study, SPI was esterified by a combination
of thionyl chloride and alcohol such as methanol and ethanol. The methylated SPI was very
soluble in water to afford a viscous solution while the ethylated SPI was miscible readily with

water and most polar organic solvents.

The modified SPI was discussed for industrial

applications. Soy Protein Research, Japan 1, 36-40, 1998.
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SPINDE FOF S 7% JLE  -CH.CCH{OH)-R
DBA (F)

SPI (7¥V70-R, 10g) %7K (110mL) ¥ —Ii
ER LTS, 1M NaOH AW (50mL) %0z pH
FHWICHAmLTHYS, 7Y F—Jb (1,2-epoxy-3-
hydroxypropane) (3mL) ##EML7-. BAWEERT
5 R8RS, IMHCI CpH7 ISR L, &% 25
= WVICEE, JBohitBYr A8 L CED, BE
TEIET A0, 5 VITIREY % KICHE L TR
BLTHB/Y ¥ —%587 F, 95g.

SPI DX FILIT ZFIAL ()

SPI (7Y 70-R, 10g) #~X>¥¥ 12Xy ik
L7 BBLF-10C KHEI LA 25/ — (120 mL)
Wb F A =0 (10mL) 24 A T A7 vk
FERAEL, INE2EOBKSPLIZMZ, 20T FE
BIRACR LA O SRR, @il Bohsk:
TABE R ABDHEL XY ) — VTR, RITELE
Lz ZHRWRBOBEIEL R,

THEYE

Bz ARE (1g) 2K (19g 248U, pHS,
7, 9,102 1M DAKBERAILT b 7 LIRS THET L
FRTHLABEHELL, ZRCELCPLEHELYH
B L U600 nm TOFEBE THE LBEREZEIRL
7o, BETEY, BBEN0% L ETHoGE%E
B, NEYORY) RS BRERETH L L E R
WL L7z E7, BBENS0% LTOBAE ‘&%

—E & —RICX S L7z (Table 1).

FEREDRTE
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v, fH LR LAY R=CHs;, CHOH,
Cellyr, Colls T 5. WEFULKEMIE, 74 ) IbEH
THALNIZDOT, 72 ABBEINKSBE A5 3~5
BRIz, KSR ERICTEABEOEFFITS
BERERT b v LSRRI v LI T TIr o 7245,
BATRIC L A BEIMERRE~NDOHRIIR S W ho
72, L L, IR0 pH OBEIEIRE {HISLET
FE$ s tdibhrols, ZOTNVHYEGETIERYY
Y@ NH2(103), Fu > D OH%E (101), 1 I 57—
VONHE (60), YAFA4 D SHE (100) 2
EELTENTHY LRI VBRERGT L EDID
(( ) Wo#HF i pKa), FE, BHSPIOT I VB
GFHEINODT IV BROBHZ L/ Fig.21lx
REILEY (1:R =CH:0H) %Mo 44 D57

Table 1. Solubility, miscibility and viscosity of modified SPI

Solubility (room temperature) 2

Miscibility ~ Viscosity (cP) ¥

pH5 pH7 pH9 pHI0 to water 25T, pHS8
SPI © X A0 O O sparingly 3.7
miscible
-NH-CH;CH (OH) CHs @ X X PaN O miscible 34
-NH-CH:CH (OH) CH.OH ¢ O @) O @) soluble 28
-NH-CH,CH (OH) CéHs @ X X X X miscible - —
~NH-CH:CH (OH) CsHy7 @ O O O O miscible 3-6
-COO-CHs O O O O soluble >100
(37-40 at
2.5 wt%)
-COO-CzHs XA XA X miscible -

a) Solubility: O soluble completely; A heterogenous dispersion; X insoluble.

b) Viscosity of 5wt% solution.
¢) An isoelectric point of SPI is 4.5-4.8.
d)

The hydroxyalkylated lysine residue of SPI is displayed as an example.
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Fig. 1. Modification of SPI by various epoxides.
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Fig. 2. Amino acid analysis of the starting SPI, 2, 3-dihydroxypropyl SPI and methylated SPI. The samples were
assayed after exhaustive acid hydrolysis. The aal-aa6 are unknown amino acids. The aa2 had the same

retention time as N¢ - (2, 3-dihydroxypropyl) lysine.
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W GEE%, pH5 ~ 7THKBWT 3~ 6cP) 21E7-.
Bk D &> R=CH.CH(OH) - (CH2)uCHs Tb, B
EEPRENZD 22D LT, KICBETH-72 (NF
Fr, ZTHAbAS Y, Ta— i EOEBERICIT
RHE). —H, R=C:Hs OHATIIAMAKICHE, ¥
J =N E L7z, R=CeHs TIIKIZELANEBET
otz BHHOBENLICHLTVEEWEZ LS,
IRXFIHE
RETZABBDTANGE VBRIV Y I VO
AT AL 50 SERTE 72 F LR D B ICE A B
72d ) THEVEGRTALFTTFHRELES>TWE Y,
FOGFR TORAKBIEORNTEE S, FhIC & 2Bk
SR L B EB OBHEDIRENIZ o720 TdH A ) .
MED Ay ) —VE Ty ) — N EELF =
BB EDE L X T IALE RATDS, FIRIGERE
LEBDATHoT, SPIOTANTEVBRET LY
IVBOBITERT LIIHSMICBiT T A EAT
&7 (Fig. 3). A F W ALD2# 60% 3 A 72 SPI & CD A
Ry MV Fig 4 lRTH, a- N v 7 ZABEDS S
DFE > TWAb. KB TIZ SPI @ 70, 66, 36 kDa 523 4°
HEL, FCBBLZ33E22, 10kDa 2 FhFh
F, RIS LT ALMBM/NE 27 AREOKERTH
B. ZATMEICE S RIS, 1ISOH T2y b S
(AT VL ENT VD) ORI 57205 b
o, 72 BOMIIIRS RLEY Y T %D
) DTSPL EA%ETH -7 (Fig 2, xx /3—).
HINARVBED T AT VENOFHALIIYEICKE
HE LI hFF Bl ABRETH LT AT VL
SPLOEB N BERIRENILOREIFHTH ) FRERE
PELNTVRWY, VI U R EDERET I ED
A 4 AU CEESPET LTS Z L3N, T
Ho. 7ok, FEAOKTIE, ZAFMVERES
AHBOKREBREIT =7, 74704 R
ToUNELREORAS T o ESToOkER HT) &
RET D EWSICEB S MET 575, PHEBLOHA
T MBS TRER PHT) SIEERBERS W
CEEBHENTW S,
BRI DOV TH R E LR RS 17z (Table 1).
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SPI —COOR

SPI —COO°

R =CH3, C |
NH, ( 3, C2H3) NH,'

Fig. 3. Esterification of SPI. The product at neutral pH is
shown.
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Fig. 4. The CD spectra of an aqueous solution of the
methyl ester of SPI in the absence (upper panel)
and presence (lower panel) of sodium dodecyl
sulfate (SDS).
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