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Extraction of Soybean Meal Proteins with Salt Solutions at pH 4.5 

Robert L. Anderson, Walter J. Wolf,* and Donald Glover1 

Extractable Kjeldahl nitrogen increased with in- 
creases in concentration of sodium or calcium 
chloride until a maximum of 65% of the nitrogen 
in the flakes was extracted. This maximum oc- 
curred with 0.3 N calcium chloride or 0.7 N sodi- 
um chloride. Without added salts, the pH 4.5 ex- 
tract contained only 2s and 7s ultracentrifuge 
componlents. Up to 0.3 N sodium chloride 2s pro- 
tein increased, whereas the 7s component did 
not reach a maximum until 0.7-0.8 N salt. The 
11s component began to dissolve at  0.3 N salt 

Distilled water extracts of defatted soybean meal have a 
pH of 6.5-6.7 and contain about 80-9070 of the meal pro- 
teins (Smith et al., 1938). When extractions are carried 
out with dilute salt solutions near this pH, extractability 
of the proteins depends upon salt concentration. As the 
concentration increases less protein is dissolved, until a 
minimum of about 46% of the total Kjeldahl nitrogen is 
extracted with 0.1 N sodium chloride and only about 22% 
is extracted with 0.018 N calcium chloride. After the min- 
imum in solubility is reached, more protein dissolves as 
the salt concentration of the extraction solvent is further 
increased. In this respect, soybean proteins are unique as 
compared to the proteins of flax, rye, wheat, and barley 
(Smith et al., 1!338). If the pH is lowered to the isoelectric 
region of 4.6 during water extraction of soybean proteins, 
only 9% of the total Kjeldahl nitrogen dissolves (Smith 
and Circle, 1938). Adding salts during extraction at  this 
pH increases dispersion of the protein. This increase con- 
trasts with the iminimum in extractability found near neu- 
tral pH. 

Ultracentrifugal analysis of water-extractable soybean 
proteins reveals four components with sedimentation coef- 
ficients of approximately 2, 7, 11, and 15s (Svedberg 
units). Changes occur in the distribution of these compo- 
nents as a function of sodium and calcium chloride con- 
centrations used for extraction near neutral pH (Wolf and 
Briggs, 1956). F’referential extraction of some proteins oc- 
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and was completely solubilized at  0.8 N .  The 15s 
component did not dissolve until concentrations 
of salt were greater than 0.4 N and increased in 
extractability up to 0.8 N sodium chloride. Calci- 
um chloride extracts contained increasing 
amounts of 2s and 7s fractions up to 0.2 and 0.3 
N ,  respectively. The 11s component ,began to 
dissolve at  0.1 N and increased in solubility up to 
0.4 N calcium chloride. The 15s material did not 
dissolve significantly below 0.2 N and increased 
in extractability up to 0.4 N calcium chloride. 

curs as salt concentrations are varied. We examined 
extractability of soybean meal proteins a t  pH 4.5 as a 
function of sodium and calcium chloride concentrations 
and determined the ultracentrifugal composition of the 
various extracts. 

EXPERIMENTAL SECTION 
Protein Extraction Procedure. Harosoy soybeans (1964 

crop) were cracked, dehulled, and flaked. The flakes were 
defatted by four batchwise extractions with pentane-hex- 
ane (boiling range 33-57’) and then air dried. Nitrogen 
content of the defatted flakes was 9.1%, corrected for 
10.6% moisture. Protein extracts were prepared with a 
ratio of 20 ml of extractant/g of defatted flakes, except in 
preliminary experiments in which a 40: 1 extraction ratio 
was used. After addition of the extractant to the flakes, 
the pH was quickly adjusted with 1 N HC1 to 4.5 and 
maintained while stirring for 45 min. The slurry was then 
centrifuged for 15 min at  19,000 X g. The resultant super- 
natant was filtered through Whatman No. 1 filter paper to 
remove a small amount of floating material. Nitrogen 
analyses were performed on the filtered extracts. 

Ultracentrifugation. A 4-ml portion of extract was 
equilibrated by dialysis against pH 7.6, 0.5 ionic strength, 
phosphate buffer containing 0.01 M 2-mercaptoethanol 
(Wolf and Briggs, 1959). Preliminary studies indicated no 
changes were brought about in the samples by dialysis 
against the phosphate buffer. Calcium chloride extracts 
were first dialyzed against 0.4 N sodium chloride to re- 
move the calcium ions before dialysis against phosphate 
buffer. After dialysis and centrifugation for 15 min at  
19,000 X g, the extracts were diluted to 5 ml with buffer. 
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The dialyzed samples were analyzed at  23-26" in a Model 
E Spinco ultracentrifuge operated a t  41,660 rpm. A dou- 
ble sector 30-mm cell was used, and photographs were 
taken 48 min after the start of the run (except as noted) 
with a bar angle of IO". From these ultracentrifuge pat- 
terns, corrected for radial dilution, were calculated com- 
positions of the extracts (Wolf and Briggs, 1956). The max- 
imum amount of protein extracted with either sodium or 
calcium chloride a t  pH 4.5 was less than the quantity of 
protein extracted with water a t  pH 6.1. To show which 
fractions were insoluhilized a t  pH 4.5, the area for each 
fraction of the salt extracts was expressed as a percentage 
of the area for the corresponding fraction in a water ex- 
tract. In some experiments the samples were equilibrated 
with 0.1 ionic strength, pH 1.6, phosphate buffer before a 
second ultracentrifuge run (Roberts and Briggs, 1965). 

Nitrogen Analysis. The nitrogen content of the sam- 
ples was determined by the micro-Kjeldabl procedure of 
Johnson (1941). 

RESULTS AND DISCUSSION 
Protein Solubility and Sal t  Concentration. The per- 

centage of Kjeldahl nitrogen extracted from soybean meal 
as a function of sodium and calcium chloride concentra- 
tions a t  pH 4.5 is shown in Figure 1. The solubility curves 
are uncorrected for nonprotein nitrogen, which accounts 
for 3-8% of the total nitrogen content of defatted soybean 
meal (Becker et al., 1940). The amount of nitrogen ex- 
tracted increased from 10% in the ahsence of salts to 
about 65% with 0.3 N calcium chloride or with 0.7 N sodi- 
um chloride. Further increases in salt concentration failed 
to solubilize additional protein. 

Even if .the salt concentration is expressed as ionic 
strength, the data points for calcium chloride and sodium 
chloride in Figure 1 are best fitted by separate lines. 
Moreover, the data in Figure 1 were ohtained with a 2O:l 
solvent-to-meal ratio; results were similar with a 40:l ex- 
traction ratio. This implies that the solutions are not sat- 
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Figure 2. Ultracentrifuge patterns of pH 4.5 NaCi meal extracts. 
Numbers  above the peaks are approximate sedimentation coef- 
ficients in Svedberg units (S) 
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urated with protein. For a given amount of nitrogen ex- 
tracted, the amount of chloride ion is the same in the two 
salt solutions. The ohserved solubilizing effects of the 
salts must therefore he primarily cationic rather than an- 
ionic. 

Sodium Chloride Concentration and Extract Compo- 
sition. Figure 2 contains typical ultracentrifuge patterns 
ohtained with sodium chloride extracts. For comparison, 
Figure 2 includes an ultracentrifuge pattern for proteins 
extracted with water a t  pH 6.1. Water extracted 80.6% of 
the total nitrogen of defatted soybean meal. Since extrac- 
tion ratios and dilutions were identical, the ultracentri- 
fuge patterns are directly comparable, and changes in 
areas in the patterns reflect changes in protein solubility. 
It is apparent from Figure 2 that the four ultracentrifugal 
components are solubilized to different degrees by the ad- 
dition of salts to the extraction medium. 

Figure 3 depicts changes in extractability of the ultra- 
centrifugal fractions occurring with variation of sodium 
chloride concentration. Only Concentration from 0 to 0.8 
N NaCl is considered because this range is where the 
change in salt concentration has its maximum solubilizing 
effect. Preliminary studies showed there were no signifi- 
cant changes in comuositions of extracts a t  concentrations 
between 0.8 and 2.6 N. 

At uH 4.5 in the ahsence of added salt. onlv 25 and IS 
fractions are extracted. Such an extract comprises the 
soybean whey proteins, and others have shown that the 
whey is made up of only 2s and 7s components (Rackis et 
ai., 1959; Wolf and Briggs, 1959). The amount of 2s and 
IS fractions extracted increases with salt concentration. 
Extractability of the 2s fraction, however, levels off a t  0.3 
N salt, while that of the IS  fraction continues to increase 
up to 0.8 N. 

Sensitivity of the IS  protein toniard salt concentration 
changes appears to differ a t  pH 4.5 from its behavior a t  
neutral pH. Whereas a t  pH 4.5 the quantity of IS protein 
ranges from 13 to 85% of the total 7s in a water extract, 
Wolf and Briggs (1956) found only small changes in the 
amount of IS component extracted as a function of 
changes in sodium chloride concentration near pH 6. 

Solubilization of the 11s fraction does not begin until 
the salt concentration is greater than 0.2 N hut rises more 
rapidly with increasing salt concentration than does that 
of the 2s and 75 fractions. Maximum solubility of 11s 
protein was not reached until 0.8 N sodium chloride was 
used. Wolf and Briggs (1956) observed that solubility of 
11s protein was also sensitive to changes in sodium chlo- 
ride concentration a t  neutral pH. The 15s fraction clearly 
required a higher concentration of salt to solubilize it than 
did the other fractions. 

The maximum amount of protein solubilized with sodi- 
um chloride was less than the protein extracted with 

NaCl  Normality 

Figure 3. Component extractability as a function of NaCi con- 
centration at pH 4.5. Each ultracentrifuge component in Figure 
2 is expressed as a percentage of t h e  area for t h e  corresoond- 
ing component in a water extract at pH 6.7 
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water. It is apparent from Figure 3 that  only the 11s com- 
ponent approached complete (95% of the amount of 11s 
component in a water extract) extraction in the 0.8 N so- 
dium chloride extract. Decreased extractability of the pro- 
teins a t  pH 4.5 is accounted for primarily by the 2s and 
7s fractions, which had respective solubilities of 59 and 
8570, as  compared to the water extract a t  pH 6.7. Only 
75% of the 15s fraction dissolved with 0.8 N salt, hut this 
fraction represented only 5% of the total water-extractable 
proteins. Hence it has an insignificant effect on total solu- 
bility. 

Calcium Chloride Concentration and Extract Compo- 
sition. Ultracentrifugal analyses of the calcium chloride 
extracts (Figures 4 and 5) are comparable to those with 
sodium chloride, except that the calcium chloride concen- 
tration required to obtain an extract with a given protein 
comDosition is considerably less than was necessary with 
s o d i m  chloride. 

Fractionation with Sodium Chloride at DH 4.5. Using 
I 

the solubility data in Figure 3, we devised a stepwise ex- 
traction (Figure 6) to fractionate soybean proteins a t  pH 
4.5. 

The residue remaining after each extraction was reex- 
tracted once with a solution of the same sodium chloride 
concentration before extraction with the next higher in- 
crement of salt concentration. When the salt concentra- 
tion was increased, the quantity of sodium chloride to he 
added was calculated by taking into consideration the vol- 
ume of the previous extraction solution retained by the 
residue after centrifugation. The extracts were dialyzed 
against 0.5 ionic strength, pH 7.6, phosphate buffer con- 
taining 0.01 M 2-mercaptoethanol. After ultracentrifugal 
analysis, the solutions in 0.5 ionic strength buffer were 
equilibrated by dialysis with 0.1 ionic strength, pH 7.6, 
phosphate buffer. The lower ionic strength permits dimer- 
ization of some of the 7s globulin and thereby provides an 
additional means of distinguishing between the extracted 
proteins (Koshiyama, 1969; Roberts and Briggs, 1965). 
Ultracentrifugal patterns are reproduced in Figure 7. 
These patterns are not directly comparable regarding the 
relative amounts of a particular component present in dif- 
ferent extracts, since concentrations were adjusted before 
ultracentrifugation. Figure 7 does demonstrate that it is 
possible to achieve some fractionation by adjustment of 
the sodium chloride concentration a t  pH 4.5. 

On repetitive extraction, unexpectedly, no greater frac- 
tionation was achieved than that noted in Figure 7. For 
example, Figure 3 suggests that repeated extraction with 
0.2 N salt will remove all the 2s fraction. Nonetheless, 
appreciable amounts occur in the 0.4 N salt extracts, and 

2 1 11 15 2 1  2 1 11 

H t O  pH 6.1 0.ON CaCIz 0.1N CaCIz 

1 1 1 1  2 111 15 2 11115 

0.21 CaClz 0.311 CaClz 0.41 CaCh 
Figure 4. Ultracentrifuge pallerns of pH 4.5 CaCi2 extracts. 
Numbers above the peaks are approximate sedimentation coef- 
ficients in Svedberg uni ts  ( S ) .  

Figure 5. Component extractability as a function of CaCb con- 
centration at pH 4.5. Each ultracentrifuge component in Figure 
4 is expressed as a percentage of the area for t h e  correspond- 
ing component in a water extract at pH 6.7. 

it is still detectable in the 1.0 N salt extract. Likewise, 
the 7s globulin that forms the 9 s  dimer at 0.1 ionic 
strength is extracted over the range of 0.2 to 1.0 N salt. 
Complex interactions between the various proteins appear 
responsible for this behavior. Even repetitive extraction a t  
the same salt concentration fails to extract new globular 
components having higher sedimentation coefficients than 
components in the initial extract. Without exception, all 
extracts behaved this way. Also, nitrogen analysis on some 
of the repetitive extracts indicated that less nitrogen was 
extracted with each additional wash. The patterns show 
that the 75 E 9 s  dimerization reaction does not occur in 
the whey hut that it does occur in all extracts beyond the 
whey. The original pattern was always regenerated hy di- 
alysis back to the 0.5 ionic strength buffer. 

CONCLUSIONS 
Our results on the extractability of soybean proteins a t  

pH 4.5 agree with those of Smith and Circle (1938) and 
extend them with the determination of protein composi- 
tions for extracts with various salt concentrations. The 
hulk of soybean proteins consists of globulins that are in- 
soluble a t  their isoelectric points (pH 4.2-5.0) hut that 
can he solubilized a t  this pH by adding salts. The protein 

Defatted Flakes 120 g) 

Adjust to pH 4.3 
Centrifuge 

Second whey Residuc 
m r a c t  with 0.2N Nacl 

First'0.2N NaCl R c i d u e  
titract 7 z ; i r a c l  with 0.2N NaCl 

Scccid 0.ZN NaCl Reindue 
Extract 

Centrifuge 

First 0.4N NaCi Rcsiduc 
Extract 

Centrifuge 

Seccnd 0.4N NaCl Residue 
titract 

Centrifugc 
I .ON NaCl titract Rcsidue 

Figure 6.  Repetitive fractional extraction at pH 4.5. 
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Ionic Strength of Ultracentrifuge Buffer (Figure 1) indicates that  about 16% of the proteins were 
modified by the low pH treatment, since water at pH 6.7 
extracted 80.6% of the total Kjeldahl nitrogen of the meal. 
The modification appears to he primarily a pH effect, 
since extraction with sodium or calcium chloride yielded 
the same maximum in protein solubility.. Furthermore, 
ultracentrifugal compositions of the proteins extracted 
with 0.8 N sodium chloride (Figure 3) were similar to 
compositions of the proteins in a 0.4 N calcium chloride 
extract (Figure 5). Sensitivity of a portion of soybean pro- 
teins to treatment a t  pH 4.5 was noted previously and ap- 
peared to involve primarily the 2s and 7s fractions (Nash 
et al., 1971; 
strate that  t 
contributing 
protein with 

Apparentb L.llr DmxLlc  p l ~ ~ L ~ w ~ ~ ~ c ~ ~ w I ~  wcGuIu LLclu 
extraction and acid precipitation of soybean proteins from 
water extracts. Extraction and fractionation of soybean 
globulins at DH 4.5 and comoarison with elohulins at neu- 
tral pH shoi 
turation of SI 
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