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Industrial Applications of Soy Protein Isolate :

Effects of Plasticizers on Mechanical Properties
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ABSTRACT

Various compounds were examined as plasticizers in the preparation of the films made of soy
protein isolate (SPI). Glycerol, sulfolane, tetramethylene sulfoxide and 2, 2 -sulfonyldiethanol
were effective to afford flexible films with maximum elongation strength of 80-220 kg/cm? and
elongation of 4-50% in a relative humidity of about 65%. Upon treating with an aqueous
formaldehyde, the films were fortified against biodegradation in soil for 2-3 weeks. Soy Protein
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Table 1. Plasticizers and physical constants of SPI films

Swelling Maximum Young’s Maximum

Plasticizer degree  strength modulus elongation
(%)  (kglem®) (kg/em?) (%)

Glycerol 100 80 3,600 50
Sulfolane 50 100 8,700 3
Tetrarpethylene 100 990 8000 6
sulfoxide

2, 2’ -Sulfonyl-

diethanol 100 130 8,500 4

Film thickness, 0.25mm ; Relative humidity, 40%.

tetramethylene sulfoxide, 2, 2"-sulfonyldiethanol (& 58 FE
EEVPHENERNZ EAbh 5.
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Fig. 1. Effect of plasticizers on maximum strength (solid
marks) and elongation (open marks) of SPI films.
@® and O, glycerol (control); 4 and <,
sulfolane ; Il and [, tetramethylene sulfoxide ; &
and &, 2, 2"-sulfonyldiethanol.
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Fig. 2. Effect of a mixed plasticizer on maximum strength
(solid marks) and elongation (open marks) of SPI
films; a weight ratio of a combined amount of
plasticizers to SPIis 0.25. @ and O, glycerol and
sulfolane ; I and [], glycerol and tetramethylene
sulfoxide ; & and A, glycerol and 2, 2'-
sulfonyldiethanol.
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Table 2. Cross-linking of SPI films and physical

constants?

Reaction  Swelling Maximum Young's Maximum
time degree  strength modulus elongation
(h) (%)  (kglem®) (kg/em?) (%)
0 100 80 3,500 50
0.5 10 260 10,500 3
1.0 10 220 15,000 5
1.5 15 260 17,000 5
20 10 310 20,500 5

aThe films were immersed in an aqueous mixture of 5
wt% formaldehyde, 20 wt% sodium sulfate and 10 wt%
sulfuric acid at 20 £ 2°C.

Table 3. Effect of immersion of SPI films into a
methanol/glycerol (9 .1 v/v)-bath at room
temperature®

Time Swelling Maximum Young’s Maximum

degre  strength modulus elongation
(min) (%) (kglem® (kg/em?) (%)
0 100 80 3,600 50
10 200 200 11,000 27
30 200 195 9,300 28
60 200 230 11,000 10

4The film Waé prepared from a 75 : 25 w/w mixture of
SPI and glycerol.

Table 4. Effects of plasticizers on the MeOH/glycerol-
treated films

Swelling Maximum Young’s Maximum

Plasticizer degree strength modulus elongation
(%) (kglom®) (kg/em?) (%)

50% Glycerol 120 140 8,000 50
Sulfolane 100 137 8,000 5
Tetramethylene 15, 990 15000 4
sulfoxide
2 2- 100 110 6300 16
Sufonyldiethanol ’
WHoTwnb.,

RIFFETld 3, methanol/glycerol & i~ @ i 7
IRAERE W 2 7208, 10 0 TR E BRREDENA R S
N SHIEMEEELTOENL EoEntz
Motz fEo T, ABERERE % 10 7 & 7z (Table 3).
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Fig. 3. Degradation of various SPI films in soil (outdoor
environments, January-February, 1999 in Osaka).
The films
plasticizers and cross-linked with formaldehyde:
@ , glycerol (25 wt% to SPI); A | tetramethylene-
sulfoxide (25 wt%); O , 2, 2'-sulfonyldiethanol
(30 wt%); [1, a 2 : 1 mixture of sulfolane and
glycerol (a total amount, 30% of SPI); A, a 4 : 1
mixture of tetramethylenesulfoxide and glycerol (a
total amount, 30% of SPI); I, a control film
(glycerol, 25 wt%), the film was not processed
with formaldehyde.

were mixed with the following

412773 & 912, sulfolane & tetramethylene sulfoxide 2
BT, WAL Ty, Glycerol & 2,2-
sulfonyldiethanol TIEENTH »72. A ¥/ — JVILET
RiF 27y va— LR L L) 2EOTEE =
fiio7z b BHMEPRONIEALELS.

R

DEofERESZIZL, ENETHO SPLIZH§ AT

MBI HEIRETHL ERDbND LD EEY, iGN
#, methanol/glycerol L~ DR ELI % 177 o 7214,
TEICHY, ESRET RN TR E Fig 31
AR, 88wt% SPIATH &1 20mL & L7z, L7
TANVLEIRDEH)TH B,

(714 VvAies) "R EF0RE, SPLICHTAEE

= (W) 2>bro—L7 140 a (GUERLEELO
SPI 7 4 )V A\) glycerol 0.44 mL, 25%; (@) glycerol 0.44
mL, 25%; (&) tetramethylene sulfoxide 0.44 mL, 25%;
(O) 2, 2’ -sulfonyldiethanol 0.88 mL, 30% ; ((J) sulfolane
04 mL + glycerol 0.20 mL, A&t 30% ; (A) tetramethylene
sulfoxide 0.42 mL + glycerol 0.11 mL, &% 30%.
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