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ABSTRACT: Reduced-lipid soy protein isolate (SPI), prepared 
from soy flour treated so that most of the polar lipids have been 
removed, exhibited an increase in protein solubility of 50% 
over that of the control SP1 prepared from hexane-defatted flour. 
Adding lipids from a commercial SPI during processing of re- 
duced-lipid SPI decreased SPI solubility by 46%. The 19% de- 
creased solubility caused by the lipids (primarily phospholipids) 
was largely recovered by treating the protein with a reducing 
agent (2-mercaptoethanol). The balance of protein insolubility, 
caused by the lipids, was attributed to a smaller lipid fraction 
(approximately 5% of the total lipids). Adding lipids during SPI 
processing contributed to both the formation of oxidized pro- 
tein sulfhydryls, incapable of being reduced by 2-mercap- 
toethanol, and to oxidative deterioration of protein as deter- 
mined by protein carbonyl contents. 
JAOCS 72, 1439-1444 (1995). 
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Protein solubility in water is an important functional charac- 
teristic for most applications of soy protein isolates (SPI) and 
is indicative of water-protein interactions that relate to other 
functional characteristics. Nash and Wolf (1) examined the 
solubilities of both laboratory-prepared and commercially 
manufactured SPI in 0.5 ionic strength buffer (pH 7.6) with 
and without 0.01 M 2-mercaptoethanol. SPI insolubility was 
due partly to the formation of disulfide-linked polymers of 
the 7S and 11S proteins. A subsequent investigation (2) indi- 
cated that the fraction remaining insoluble in the buffer with 
the reducing agent was the result of protein denaturation dur- 
ing isoelectric precipitation. 

Lipid peroxides cause oxidation of thiol groups in en- 
zymes (3), nonenzymic proteins (4,5), and low-molecular- 
weight thiols (6). Treatment of cytochrome c with lipid per- 
oxides has been shown to modify tyrosine, tryptophan, cys- 
tine, histidine, and methionine residues (7). Roubal and Tappel 
(8) demonstrated that free radicals, derived from peroxidizing 
lipids, induce polymerization of proteins and consequently, de- 
crease protein solubility. In this investigation, we examined 
the lipids associated with SPI and their effects on protein sol- 
ubility and protein oxidation. 

*To whom correspondence should be addressed at University of Arkansas, 
Department of Food Science, 272 Young Ave., Fayetteville. AR 72704. 

MATERIALS AND METHODS 

Defatted soybean flour with a particle size <0.25 mm was pre- 
pared from seed-grade Forrest var. soybeans. Dehulling was 
done with a blender (about 3 min on high speed), and the hulls 
were removed with a vertical aspiration unit (Seedburo 
Equipment Co., Chicago, IL). Full-fat flour was produced 
with a UDY Cyclone Sample Mill (UDY Corp., Fort Collins, 
CO) without an outlet screen. Sieving full-fat flour was ac- 
complished with an Alpine AirJet Sieve (Alpine American 
Corp., Natick, MA) through a 60-mesh screen. One part of 
full-fat flour was mixed with 5 parts hexane, agitated by hand 
for 5 rain, and centrifuged at 1000 x g for 10 min at 20°C. 
The hexane micella (supernatant) was decanted and dis- 
carded. The extraction was repeated three more times. The 
hexane was evaporated from the defatted flour in a fume hood 
for 6 h at 20°C, and the residual hexane was evaporated 
overnight in a forced-air oven at 30°C overnight. 

The reduced-lipid flour was prepared by suspending ap- 
proximately 75 g hexane-defatted flour in 500 mL American 
Chemical Society-grade glycerol by using a blender with a 
lid at 25°C. This was done by using pulsations of high speed 
(for approximately 3 min) to minimize incorporating large 
amounts of air into the slurry. After standing 30 min, 300 mL 
2-propanol was blended into the mixture. This slurry was cen- 
trifuged at 1,000 x g for 15 min. The pellet was resuspended 
in 400 mL 2-propanol, followed by centrifuging to remove 
residual glycerol from the pellet. Washing with 2-propanol 
was repeated two more times. The bulk of 2-propanol was 
evaporated from the reduced-lipid flour in a fume hood at 
20°C for 6 h and the residue 2-propanol was evaporated 
overnight in a forced-air convection oven at 30°C. 

Protein isolates. Laboratory control isolates were prepared 
by dispersing the hexane-defatted soybean flour in water (1 
part flour to 10 parts water), followed by additions of 1 N 
sodium hydroxide, as needed, until pH 9 was achieved and 
maintained for 15 min. After centrifuging at 1,500 x g for 10 
min, the supernatant was adjusted to pH 4.5 with 1 N HC1 to 
precipitate proteins. After centrifuging at 1,500 x g for 10 
min, the precipitate was washed once with water, and the pro- 
tein isolate was adjusted to pH 7 with 1 N sodium hydroxide. 
Samples were freeze-dried after being frozen overnight at 
-15°C. 

The reduced-lipid SPI was prepared by the same method 
as was the control SPI, except that it was started with re- 
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duced-lipid flour. To evaluate the effect of various types of 
lipids, SPI was prepared from reduced-lipid flour, and lipids 
were added to the alkaline protein extract prior to isoelectric 
precipitation at a ratio of 0.75 g lipid to 50 g starting reduced- 
lipid flour. The lipids, in either chloroform or methanol/chlo- 
roform, were brought to dryness in a rotary evaporator at 
60°C, and 508 mm Hg vacuum and then suspended in water 
by sonicating with a Sonorex Super RK106 sonicator (Ban- 
delin Electronics, Berlin, Germany). The suspension was 
then added to the aqueous reduced-lipid flour slurry. 

The commercial SPI was Pro Fam 970, obtained from the 
Archer Daniels Midland Co. (Decatur, IL), and Supro 760 
from Protein Technologies International (St. Louis, MO). 

Fractionation o f  lipid extracts. Lipid extracts from the 
commercial SPI were fractionated by CM-cellulose column 
chromatography by the method of Comfurius and Zwaal (9) 
with preswollen CM-cellulose, CM-52 (Whatman, Clifton, 
N J). 

Protein solubility. Assays of protein solubility were per- 
formed according to the method of Morr et al. (10), with the 
following modifications: (i) sample pH (6.8 + 0.2) was not 
adjusted; (ii) one drop of Antifoam B Silicone Emulsion (J.T. 
Baker, Phillipsburg, NJ) was added to the 50-mL volumetric 
flasks prior to bringing the solution to volume; and (iii) cen- 
trifugation was accomplished at 20,000 × g for 10 min. Un- 
less otherwise noted, 0.1 M NaC1 was the solvent, and solu- 
ble nitrogen was determined by micro-Kjeldahl. 

Peroxide value (PV). PV of lipid extracts was determined 
by the ferric thiocyanate method (11 ). 

Sulfhydryl and disulfide content of  protein. The sulfhydryl 
(free and buried SH) and total sulfhydryl (SH and reduced 
SS) groups of protein were determined in triplicate by titrat- 
ing with 5,5'-dithiobis(2-nitrobenzoate) (DNTB), using the 
general procedure of Ellman (12). SPI samples (75 mg) were 
suspended in 10 mL 0.1 M phosphate buffer (pH 8.0), 1 mM 
disodium ethylenediaminetetraacetic acid (EDTA), and 1% 
sodium dodecyl sulfate (SDS) by stirring with a 1.25-cm stir 
bar in a 20-mL beaker on medium speed for 30 rain at 20°C. 

For SH determinations, 3 mL 0.1 M phosphate buffer (pH 
8.0), 1 mM EDTA, 1% SDS, and 0.1 mL DTNB reagent were 
added to 3 mL protein solution, which was then vortexed and 
incubated at 25°C for l h (13). This mixture was then cen- 
trifuged at 10,000 × g for 30 rain. For total SH determination, 
the method of Beveridge et al. (14) was modified by using 0.1 
M phosphate buffer (pH 8.0), 1 mM EDTA, and 1% SDS in- 
stead of Tris-glycine buffer, and 0.08 mL DTNB reagent was 
added. Absorbance was measured at 412 nm against reagent 
blanks. Calculations were based on an extinction coefficient 
of 13.6 mM -l cm -1 for the thiolate chromogen (12). 

Protein oxidation. Protein oxidation was measured in trip- 
licate as the carbonyl content of the protein by the method of 
Levine et al. (15). SPI samples were suspended in deionized 
water by stirring with a 1.25-cm stir bar on medium speed for 
30 min at 20°C to provide a solution that contained from 1.0 
to 1.5 mg protein per 0.35 mL. In 2.0-mL capped polyethyl- 
ene centrifuge tubes, 0.35 mL protein solution was mixed 

with 1 mL 10 mM 2,4-dinitrophenylhydrazine in 2 N HC1 and 
incubated at 20°C for 2 h. A matching aliquot was mixed in 1 
mL 2 N HC1 as an absorbance blank. Then 0.45 mL 40% 
trichloroacetic acid was added to each tube. The tubes were 
then vortexed, allowed to stand for 20 min, and centrifuged. 
The supernatant was discarded, and the pellet was washed 
three times with 1.5 mL ethanol/ethyl acetate solution (1:1, 
vol/vol). The protein, free of unreacted reagent, was sus- 
pended in 1.0 mL 6 M guanidine hydrochloride solution by 
incubating at 37°C for 20 min, with vortexing every 5 min. 
The absorbance at 367 nm was corrected for the absorbance 
in the HC1 blank, and the moles of carbonyl derivative per mg 
protein were calculated by using the extinction coefficient of 
22,000 M -1 cm -l. 

Analytical. Protein isolates were analyzed for moisture in 
triplicate by drying at 130°C for 1 h. Nitrogen was determined 
in triplicate by micro-Kjeldahl, and values were multiplied 
by 5.71 to calculate protein (16). Values were reported as per- 
centages by weight on dry basis. 

Lipids were extracted by either the modified method of 
Bligh and Dyer (17) or by the modified method of Folch et 
at. (18), as previously described (19). Lipids reintroduced 
into SPI during processing or fractionated by CM-cellulose 
column chromatography were extracted in a blender with a 
5:1 ratio of  solvent to lipid-bearing material. This was re- 
peated twice, and the extracts were combined prior to phase 
separation. Larger-scale SPI extractions were accomplished 
by using the modified method of Bligh and Dyer (17), and 
hexane-defatted flour extractions were performed by the mod- 
ified Folch et al. (18) procedure. 

Total lipids were determined in triplicate from each dupli- 
cate extraction as the weight of total solids in the chloroform 
phase after evaporating the solvent. The samples were placed 
on a hot plate on low setting in a fume hood, and the solvent 
was allowed to evaporate until the samples appeared dry. 
They were then placed into a forced-air convection oven at 
130"C for 15 rain. Values were reported as percentages by 
weight on dry basis. 

Phospholipid contents were determined in triplicate from 
the phosphorus content (20) of the chloroform phase multi- 
plied by 25 (21). Two-dimensional thin-layer chromatogra- 
phy (TLC) was accomplished as previously described (19). 

Statistical analysis. Statistical evaluation of data was con- 
ducted by the Statistical Analysis System (22) with general 
linear model (GLM) analysis of variance. Least significant 
difference (LSD) values were computed at the 5% level. 

RESULTS AND DISCUSSION 

Composition and protein solubility data of the commercial 
SPI, designated as "highly soluble," are presented in Table 1. 
The solubility of each commercial SPI in 0.1 M NaC1 is low. 
Chen and Morr (23) reported similar results (12% protein sol- 
ubility) for Supro-620 SPI at pH 6.0 in 0.1 M NaC1. The 
9-24% increases in protein solubilities with the addition of 
0.01 M 2-mercaptoethanol to 0.1 M NaC1 were similar to 
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TABLE 1 
Compositions and Protein Solubilities of Commercial Soy Protein Isolate 

Pro Fam 970 a 
Sample A 

Moisture, % 5.5 (0.02) c 
Protein, % ( N x  5.71) 83.5 (0.43) 
Protein solubility, % (pH 6.8 :t: 0.2) 13.0 (0.3) 
Protein solubility, % (pH 6.8 ± 0.2) d 22.0 (0.8) 
Total lipids, %e 3.9 (0.03) 
Phospholipids, % (lipid Px  25) 2.6 (0.07) 

aArcher Daniels Midland Co. (Decatur, ILL 

Supro 760 b 
Sample B Sample A Sample B 

7.6 (0.12) 5.6 (0.17) 5.3 (0.01) 
83.4 (0.37) 82.2 (0.55) 83.5 (0.20) 
12.0 (0.1) 11.0 (0.2) 14.0 (0.2) 
26.0 (0.2) 24.0 (0.2) 38.0 (0.2) 

4.2 (0.04) 4.8 (0.02) 4.8 (0.02) 
2.5 (0.08) 2.9 (0.07) 3.3 (0.08) 

bprotein Technologies International (St. Louis, MO). 
CFigures in parentheses are standard errors. 
do.l M NaCl/0.01 M 2-mercaptoethano] with protein determined by the biuret method (Ref. 26). 
eTotal lipids extracted with the modified Bligh and Dyer procedure (Ref. 17). 

those observed by Nash and Wolf (1) in 0.5 M NaCI. The 
amounts of  lipids extracted from these isolates (3.9-4.8%) 
was much greater than the 0.1% total fat reported for SPI ex- 
tracted with petroleum ether (24,25). Our lipid extracts con- 
tained from 59-69% phospholipids. 

Composition and solubility data for SPI prepared in our 
laboratory, along with composition data for the correspond- 
ing soy flours, are presented in Table 2. The modified Folch 
et  al. procedure (18) extracted lipids more effectively from 
the defatted flour than did the modified Bligh and Dyer pro- 
cedure (17), and the control SPI lipids were best extracted by 
the modified Bligh and Dyer procedure (t 7). The lipid con- 
tents of our control SPI were in the range of lipid contents 
found in the commercial SPI samples. The protein solubility 
of our control SPI, while better than that of commercial sam- 
ples, was poor. Extraction of hexane-defatted flour with glyc- 
erol and 2-propanol produced a reduced-lipid flour with total 
lipids and phospholipids contents approximately 90% lower 
than that of  hexane-defatted flour. The protein solubility of 
SPI, prepared from the reduced-lipid flour, increased 147% 
over that of the control. The decrease of 4.4% lipids in the re- 
duced-lipid SPI, compared with the control SPI, corresponds 
to a 6% increase in protein. The difference in total phospho- 

ms content between our control and the reduced-lipid SPI can 
be accounted fbr by the nearly complete removal of phospho- 
lipids. The remaining phosphorus in the reduced-lipid SPI in- 
dicates that this procedure had little effect on other sources of 
phosphorus, such as phytate. 

To further investigate the effect of tipids on the soy pro- 
tein solubility, additional reduced-lipid SPI was prepared, ex- 
cept that, prior to isoelectric precipitation, lipids extracted 
from the commercial SPI and from the hexane-defatted flour 
were returned to the alkaline protein extracts at a level simi- 
lar to that of the control SPI. Composition and protein solu- 
bility data for these SPI are presented in Table 3. 

The addition of lipids from the commercial SPI resulted in 
a 46% decrease in protein solubility compared with the re- 
duced-lipid SPI. Despite the increased level of binding to the 
protein, the lipids h'om the hexane-defatted flour were less 
detrimental to protein solubility (23% decrease). These re- 
sults suggest that some form of lipid degradation occurred 
during SPI processing, which contributed to reduced protein 
solubility. While the addition of 2-mercaptoethanol to the sol- 
vent increased the percentage of soluble protein in the SPI 
with added hexane-defatted flour lipids, the solubility of the 
SP! with added commercial SPI lipids decreased slightly. All 

TABLE 2 
Compositions and Solubilities of Control and Reduced-Lipid Soy Protein Isolates (SPI) with Compositions 
of Corresponding Defatted and Reduced-Lipid Flour 

Hexane-defatted Control Reduced-lipid Reduced-lipid 
flour SPI flour SPI 

Moisture, % 10.4 ( 0 . 0 2 )  a 6.3 (0.19) 8.8 (<0.01) 2.7 (0.03) 
Protein, % ( N x  5.71) 48.3 (0.56) 83.2 (0.53) 54.6 (0.60) 89.1 (0.14) 
Protein solubility, % (pH 6.8 ± 0.2) - -  34.0 (1.4) - -  84.0 (1.3) 
Protein solubility, % (pH 6.8 ± 0 . 2 )  b - -  76.0 (0.3) - -  97.0 (0.0) 
Total lipids, %c t .60 ( 0 , 1 0 ) A  e 4.63 (0.05) A - -  0.26 (0.01) 
Total lipids, %d 3.69 (O.02)B 3.09 (0.06)B 0.39 (0.01) - -  
Phospholipids, % (lipid P x 25) 2.40 (< 0.01 )d 3.20 (0.05) c 0.20 (< 0.01 )d 0.04 (< 0.01 )c 
Total phosphorus, % - -  0.78 (0.04) - -  0.69 (0.02) 

aFigures in parentheses are standard error. 
bOA M NaCI/0.01 M 2-mercaptoethanol with protein determined by the biuret method (Ref. 26). 
CTotal lipids extracted with the modified Bligh and Dyer procedure (Ref. 17). 
C/Total lipids extracted with the modified Folch procedure (Ref. 18). 
eThe same letter in columns indicates no significant difference at P_> 0.05. 
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TABLE 3 
Compositions and Protein Solubilities of Reduced-Lipid Soy Protein Isolates (SPI) with Added Lipid Extracts 

Moisture, % 
Protein, % (Nx  5.8) 
Protein solubility, % (pH 6.8 ± 0.2) 
Protein solubility, % (pH 6.8 _+ 0.2) b 

Total lipids, %c 

aFigures in parentheses are standard errors. 

Type of lipid added 
Commercial Hexane-defatted Commercial SPI Commercial SPI 

SPI lipids flour lipids Fraction A Fractions A and B 

2.3 (0.01)a 2.4 (0.08) 2.1 (0.07) 2.7 (0.03) 
86.8 (0.13) 85.0 (0.15) 84.4 (0.36) 85.1 (0.35) 
38.0 (0.3) 61.0 (0.9) 65.0 (1.3) 24.0 (0.9) 
33.0 (0.0) 70.0 (0.0) 88.0 (0.1) 29.0 (0.2) 
4.7 (0.02) 5.7 (0.02) 3.7 (0.02) 3.3 (0.01) 

bOA M NaCI/0.01 M 2-mercaptoethanol with protein determined by the biuret method (Ref. 26). 
efotal [ipids extracted with the modified Bligh and Dyer procedure (Ref. 17). 

solubility analyses after employing 2-mercaptoethanol were 
performed approximately six months after the evaluations in 
0.1 M NaC1 with samples that were stored in the dark at 4°C. 
The solubility of the SPI with added commercial SPI lipids 
(see Table 3) in 0.1 M NaC1 after the same storage time was 
28%, which indicates protein degradation in this material dur- 
ing storage. The addition of 2-mercaptoethanol contributed 
only a 5% increase in the solubility of the SPI with added 
commercial SPI lipids. 

Lipid extracts from the commercial SPI and hexane-defat- 
ted flour were examined after separation by two-dimensional 
TLC (Fig. 1). The two most apparent types of lipid degrada- 
tion in the SPI extract (compared with the defatted flour ex- 
tract) were large increases in the phosphatidic acid (PA) con- 
tent and in material that remained at or near the origin. Re- 
moval of the majority of PA from the commercial SPI lipid 
extract by CM-cellulose column chromatography, prior to 
adding these lipids in the processing of the reduced-lipid SPI, 
had approximately the same effect on protein solubility as did 
the addition of the PA fraction. The addition of the entire lipid 
extract, eluted from the CM-cellulose with 50% methanol in 
chloroform (Fraction A), made a similar contribution to pro- 
tein solubility in the prepared isolate (19% decrease com- 
pared with the reduced-lipid SPI), as did the addition of the 
total lipid extract from the hexane-defatted flour (23% de- 
crease)(see Table 3). 

Triplicate determinations on each of three preparations of 
the lipids, designated as Fraction A, accounted for 89.9 _+ 
0.72% by weight of the total material loaded on the CM-cel- 
lulose column. Subsequent elution with 100% methanol 
through the column produced an additional 4.7 -+ 0.04% 
weight of nonvolatile material, which was designated as Frac- 
tion B and corresponded to the material that did not migrate 
from the origin during two-dimensional TLC. Analyses of 
SPI prepared with either 100% lipid Fraction A or with 95.2% 
Fraction A and 4.8% Fraction B are presented in Table 3. The 
detrimental effect of Fraction B on protein solubility is evi- 
dent. The SPI with added Fractions A and B lipids, such as 
the SPI with the total commercial SPI lipid extract added, ex- 
hibited poor solubility in 0.1 M NaC1 (24 and 38%, respec- 
tively), and little improvement in protein solubility was ob- 
tained with the addition of 2-mercaptoethanol. 

In the SPI prepared with added lipids, the free SH content 
appears to have little relationship to protein solubility (Table 
4). The total SH and SS contents of the control SPI and the 
reduced-lipid SPI were similar to Pro Fam 970 (Table 5). The 
Supro 760, with the higher lipid content, had lower total SH 
and SS contents, similar to the SPI examined by Voutsinas 
and Nakai (27). The lipids from the hexane-defatted flour (PV 
of 7.9 _ 0.4 meq/kg) contributed to a decrease in the amount 
of disulfide bonds reduced by 2-mercaptoethanol, and conse- 
quently, to a decline in the total SS and SH contents as com- 
pared with the reduced-lipid and the control SPI (see Table 
4). The lipid extract from the commercial SPI (PV of 8.8 + 
0.2) resulted in an even larger decrease in disulfide bonds 
available fbr reduction by 2-mercaptoethanol. Little and 
O'Brien (4) demonstrated that lipid peroxides can react with 
protein thiols to form monomeric oxidation products, such as 
sulfonic acid, which are not reduced by 2-mercaptoethanol 
and may be responsible for the loss of total sulfhydryl con- 
tent (SH and SS) in the SPI with added lipids. PVs of lipid 
Fraction A and Fraction B were 26.7 _+ 0.3 and 9.5 _+ 0.3 
meq/kg, respectively, indicating greater lipid oxidation for 
lipid Fraction A during column fractionation. Because these 
combinations of fractions both contributed similar reductions 
in total SH and SS, as did the defatted flour lipid extract,.tbe 
detrimental effect of lipid Fraction B appears to be due to 
some other reason than its ability to oxidize protein 
sulfhydryls. 

The measurements of  protein oxidation (see Table 4) 
demonstrate that the reduced-lipid SPI contained the lowest 
level of carbonyls. The addition of the defatted flour lipids 
contributed to increased protein oxidation, while the commer- 
cial SPI lipid extract and its fractions resulted in further in- 
creases. These increases in protein oxidation with the addi- 
tion of lipids and the carbonyl contents of the control SPI and 
the commercial SPI (see Table 5) suggest that protein oxida- 
tion may have an important effect on protein solubility. The 
detrimental effect of lipid Fraction B, again, appears to be re- 
lated to some other property than its ability to contribute to 
the level of protein oxidation products. 

It is likely that reintroducing lipids during SPI processing 
presents lipids to the proteins in a different manner than nor- 
mally occurs during SPI processing, where the lipids are pre- 
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TABLE 4 
Effects of Added Lipids on the Sulfhydryl (SH) and Carbonyl Contents of SPI 

Free SH a Total SS and SH a Carbonyls b 

Control SPI 8.32 (0.09)CA d 61.23 (0.37)A 
Reduced-lipid SPI 3.59 (0.03)B 60.09 (1.06)A 
SPI with added 

defatted flour lipids 2.86 (0.04)C 52.82 (1.96)B 
SPI with added 

commercial SPI [ipids 2.72 (0.03)C 47.83 (1.23)C 
SPI with added 

Fraction A lipids 4.29 (0.04)D 54.72 (0.85)B 
SPI with added 

Fraction A 
and B lipids 4.56 (0.07)E 53.98 (0.41)B 

al.tmoles SH/g protein. SPI, soy protein isolates. 
bnmoles Carbonyl/mg protein. 
CValues in parenthesis are standard errors. 
dThe same letter in columns indicates no significant difference at P> 0.05. 

4.73 (0.06)A 
2.32 (0.02)B 

2.63 (0.03)C 

2.93 (0.02)D 

2.86 (0.08)D 

2.90 (0.09)D 

TABLE 5 
Sulfhydryl and Carbonyl Contents of Commercial SPI 

Free SH a Total SS and SH a Carbonyls b 

Pro Fam 970 e, 
sample A 4.07 (0.01)cAd 62.06 (1.24)A 

Pro Fam 970, 
sample B 5.55 (0.03)B 62.34 (0.41)A 

Supro 760 e, sample A 6.15 (0.06)C 57.78 (0.43)B 
Supro 760, sample B 5.59 (0.21)B 57.92 (0.90)B 

a~tmoles SH/g protein. Abbreviations as in Table 4. 
bnmoles carbonyl/mg protein. 
%/alues in parenthesis are standard errors. 
dThe same letter in columns indicates no significant difference at P> 0.05. 
eSee Table 1 for company sources. 

4.48 (0.15)A 

6.42 (0.07)B 
6.25 (0.24)B 
6.15 (0.16)B 

FIG. 1. Lipid extracts from commercial soy protein isolate and hexane- 
defatted flour examined after two-dimensional thin-layer chromatogra- 
phy; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PC, 
phosphatidylcholine; PA, phosphatidic acid; O, origin; PI, phos- 
phatidylinositol. 

dominantly associated with membranes prior to cell disrup- 
tion. This difference in presentation may account for the in- 
creased level of sulfhydryi oxidation products that are not re- 
duced with 2-mercaptoethanol in the SPI with added lipids, 
compared with our control SPI and the commercial SPI. Also, 
the higher carbonyl content of our control SPI and the com- 
mercial SPI, compared to the SPI with added lipids, suggests 
that this type of protein modification occurs more readily in 

SPI processed from hexane-defatted soybean. The corre- 
sponding decreases in protein solubility and increases in pro- 
tein oxidation products with the addition of lipids suggest that 
controlling lipid and protein oxidation during SPI processing 
may result in soy protein products with improved solubility 
characteristics. Identification of the components of lipid 
Fraction B may elucidate the reason for the detrimental effect 
of this material on SPI solubility. 
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