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Extraction of Soybean Meal Proteins with Salt Solutions at pH 4.5

Robert L. Anderson, Walter J. Wolf,* and Donald Glover?

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 28 and 7S ultracentrifuge
components. Up to 0.3 N sodium chloride 28 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

and was completely solubilized at 0.8 N. The 158
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 118 component began to
dissolve at 0.1 N and increased in solubility up to
0.4 N calcium chloride. The 158 material did not
dissolve significantly below 0.2 N and increased
in extractability up to 0.4 N calcium chloride.

Distilled water extracts of defatted soybean meal have a
pH of 6.5-6.7 and contain about 80-90% 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., 1938). 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 minimum 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). Preferential extraction of some proteins oc-
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curs as salt concentrations are varied. We examined
extractability of soybean meal proteins at 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 HCI 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 m! with buffer.
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