Effect of Roasting on the Stability of Peanut Proteins
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The effect of dry roasting on proteins of the peanut
was investigated by chromatography on DEAE-
cellulose, polyacrylamide gel-electrophoresis, im-
munoelectrophoresis, and ultracentrifugation. Sev-
eral basic changes apparently resulted from roasting.
The solubility of the proteins in phosphate buffer
was reduced to less than one half. The major

reserve protein, «-arachin, increased in electro-
phoretic mobility but maintained its antigenic
structure. Both dissociation and association oc-
curred, as evidenced by sedimentation analysis. All
other proteins show modified physicochemical
properties, some with changes in primary and/or
secondary structures.

has come into prominence because of the needs of

an expanding world population. Modern research
in the food industry is elucidating the biochemical changes
affecting taste, odor, texture, and nutritive value of these
proteins under various processing conditions.

Basic research on the peanut proteins has been going on
for over a hundred years. The two major globulin frac-
tions, arachin and conarachin, were first isolated by Johns
and Jones (1916). Subsequent studies by several investi-
gators (Dechary et al., 1961; Johnson and Naismith, 1953;
Johnson and Shooter, 1950; Johnson ef al., 1950; Tombs,
1965) further characterized these proteins by precise ana-
lytical methods. The findings of Dieckert et al. (1962)
and Daussant er «l. (1967) suggest that c-arachin (the ma-
jor component of the arachin fraction) is located in the
protein bodies and that a-conarachin (the major compo-
nent of the conarachin fraction) is dispersed in the cyto-
plasm.

The effect of heat on plant proteins has been studied in
relation to taste, odor, and nutritive value. For example,
Newell er al, (1967) reported biochemical changes attribut-
ing to “typical” and ‘‘atypical” roasted peanut flavor.
They suggested a possible reaction between sugars and
amino acids to produce specific flavor components (pyra-
zine derivatives). Bensabat er «/. (1958) found that cook-
ing peanuts in 5.6 to 6.0 % moisture for one hour at 232~
234° F. caused a drop from 3.4 to 2.8 grams of lysine (per
16 grams of nitrogen). Protein deterioration during pro-
cessing could be measured by following the decrease in free
epsilon-amino groups of lysine. Evans and Bandemer
(1967) showed that the nutritive value of sunflower seed
proteins decreases after heating. Others have shown that
certain limiting amino acids in chickpea proteins are further
reduced on autoclaving (Gonzalez del Cueto et a/., 1960).

Roasting of whole peanuts is a prerequisite in the manu-
facture of candies and peanut butter. Normally, one
would expect heating to denature irreversibly all of the
proteins, especially those having enzymic and/or antigenic
properties. The aim of this study was not to elucidate the

4 I Yhe use of oilseed proteins for nutritional purposes

Southern Regional Research Laboratory, New Orleans.
La. 70119

precise reactions induced by heating per se, but to investi-
gate the physicochemical changes in proteins with respect
to their structure, function, and intracellular location.
Several analytical methods sensitive to modifications in
protein structure, size, shape, and charge—chromatog-
raphy on DEAE-cellulose, polyacrylamide gel-electro-
phoresis, sedimentation analysis, and immunoelectro-
phoresis—were employed. As expected, the albumins
and conarachin, the major cytoplasmic globulin, were
changed. Surprisingly, a-arachin, the major globulin in
the protein bodies, was not drastically altered, as evidenced
by immunochemical analyses.

EXPERIMENTAL

Roasting. Peanuts (Virginia 356-R, 1966 crop) with
the shells removed were dry-roasted in an oven for one
hour at 145° C. The outer skins were then removed and
the cotyledons homogenized.

Extraction of Proteins. Twelve grams of cotyledons
from both roasted and unroasted peanuts were homoge-
nized in 100 ml. of phosphate buffer, pH 7.9, ionic strength
0.2 (0.008M NaH,PO.-H.;0, 0.064M Na,HPO,), in a Ser-
vall Omnimixer for 5 minutes at 0° C. The homogenate
was clarified twice by centrifugation at 37,000 X G for
30 minutes, and subsequently dialyzed against low ionic
strength (0.03) phosphate buffer for 24 hours. The solu-
tion was allowed to warm to room temperature (25° C.)
and recentrifuged as before. The final supernatant—i.e.,
the approximate middle half in the centrifuge tubes—was
isolated with a syringe and needle. The following protein
concentrations were obtained for the two preparations
(approximately 40 ml. for each preparation): roasted ex-
tract, 10.0 mg. per ml.; unroasted extract, 25 mg. per ml.

Protein Isolation from the Roasted Extract. Chroma-
tography on DEAE-cellulose was performed according
to the method of Dechary ef af/. (1961), employing con-
ditions described in Figure 1. Preparative separation
was carried out as follows: 200 mg. of protein in 200 ml.
of phosphate buffer, pH 7.9, ionic strength 0.03, from the
roasted cotyledons was adsorbed on 10 grams of DEAE-
cellulose and eluted with a 100-ml. NaCl gradient ranging
from 0.0 to 0.4M NaCl in the low ionic strength buffer.
The eluate was collected in 10-ml. fractions. The frac-
tions corresponding to 4, B, and C of the analytical chro-
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this, it is surprising that some can withstand 145° C, heat-
ing for an hour. Lenarskii (1951) and Pence et al. (1953)
have reported the effects of heat on wheat proteins. They
showed that the rate of denaturation was increased by in-
creased moisture content of the grain and/or heating tem-
perature. The peanuts in this study were dry roasted to
minimize the effect of moisture. Protein solubility is re-
lated to the isoelectric point. The total soluble proteins
before roasting was 25 mg. per ml.; after roasting this
dropped to 10 mg. per ml. Hence, the loss in protein
solubility could be attributed to irreversible denaturation,
a change in the isoelectric point, or both.

Some problems remain in trying to correlate results ob-
tained using two different physicochemical methods.
Analysis of the two preparations on DEAE-cellulose, for
example, shows fewer differences in the patterns than the
comparable gel-electrophoretic analysis on polyacrylamide
gel. The patterns of the proteins from both roasted and
unroasted seeds (Figure 2) have two broad bands near the
anode which appear identical in the two samples; these
more than likely belong to the arachin fraction. Medve-
deva (1965) showed that the electrophoretic pattern of heat-
treated gliadin was almost unaffected by mild heating
(40° C., for 15 minutes), but the proportions of four frac-
tions were changed by more intense heat (70° C. for 60
minutes); an apparent merging of the most mobile frac-
tions was observed. A loss of free epsilon-amino groups
of lysine by heating as reported by Bensabat et a/. (1958)
could alter the charge on the surface of the proteins, in-
fluencing electrophoretic migration. The question then
arises whether a given peak for column chromatography
can always be identified with a particular zone from gel-
electrophoresis because of the association-dissociation
properties involved. Because components 4 and B from
Figure 1 do not give the typical precipitin reaction (Figure
3), it is suggested that they are not subunits of @-arachin.

The fact that «-arachin increases in electrophoretic
mobility in agar after purification is not easily explained.
Daussant ez al. (1967) have suggested a possible deamina-
tion of glutamine and/or asparagine which could produce a
net increase in negative charge of this protein (increased
number of carboxyl groups). This effect was obtained
within an hour by the action of trypsin. In the present
study, however, one would expect proteolytic enzymes to
be inactivated by the heating. Consequently, the actual
cause may be due to induced charges by ionic groups on
the DEAE-cellulose itself. Weak ionic bonds on proteins
can be altered by this adsorbant., This occurred with
castor bean proteins separated by chromatography on
DEAE-cellulose and subsequently analyzed by gel-electro-
phoresis (Ory et al., 1967).

a-Arachin is located in the aleurone grains of the cell
(Daussant er al., 1967; Dieckert et al., 1962). The mem-
brane around the particles may protect the molecules to a
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certain extent, since light microscopy showed spherical
bodies which are still intact after roasting. The large
amount of oil surrounding the protein bodies might also
have a protective influence on a-arachin. For the present,
only qualitative interpretation of the data is possible.
However, these results indicate that this major storage
protein is not affected to a significant degree by roasting
(Figure 3). Consequently, unaltered «-arachin should be
present in peanut products which are heated during
processing.
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