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Effects of Heat in situ on Electrophoretic Patterns of Reserve Proteins and Enzymes in

Dormant Peanuts (Arachis hypogaea L.)

Dempsey L. Thomas! and Navin J. Neucere*

The effects of heat on general (soluble) proteins
and several enzymes in wet- and dry-roasted
peanuts were determined by starch gel electro-
phoresis. Staining of general proteins was more
obvious in extracts of seed wet-roasted at 155°
than in extracts of seed dry-roasted at that tem-
perature. No apparent migrational differences
were observed for a-arachin with increasing tem-
peratures. New fast moving bands did not appear
at higher temperatures, but the migrations" of

proteins near the origin were slightly different
from that in the control. Wet-roasting reduced
enzyme activity more than dry-roasting for all
enzymes assayed; most enzymes exhibited some
activity in peanuts dry-roasted up to 130°, but
differential thermostability of isoenzymes was
observed. Aqueous extracts of seeds defatted with
acetone-hexane showed general protein and en-
zyme electrophoretic patterns similar to extracts

-defatted by centrifugation of native seed.

The effects of heat on peanut proteins heated at 145° for
1 hr were investigated by chromatography on DEAE-cel-
lulose, polyacrylamide gel electrophoresis, immunoelectro-
phoresis, and ultracentrifugation (Neucere et al., 1969).
Immunochemical and other analyses indicated that the
major reserve globulin, «-arachin, remained antigenic
during the heating process but showed a reduction in its
solubility and diffusion coefficient in agar. The effects of
heating in situ at several different temperatures on the
general proteins of imbibed and dry peanut seed were
studied by disk electrophoresis and immunochemistry
(Neucere, 1972). The disk gels showed greater differences
in protein migration after dry heat than after wet heat.
Immunoelectrophoretic patterns indicated that a-arachin
maintained antigenicity in both wet- and dry-heated-seeds
but other proteins were progressively inactivated antigeni-
cally.

Most work with heat sensitivity of isoenzymes has been
performed in vitro with whole extracts of cells or tissues or
with purified isoenzymes. Studies of animal tissues
showed considerable variations in thermal stability of lac-
tate dehydrogenase (LDH) isoenzymes (Fondy et al., 1964;
Knudsen et al., 1970; Vesell et al., 1968). Crude cell-free
extracts from Bacillus subtilis heated at 60 and 70° for 30
min showed marked differences in stability of two bands
of malate dehydrogenase (MDH) (Antohi et al., 1970).
Other studies of maize and HeLa cells showed differential
heat sensitivities for acid phosphatase isoenzymes (Efron,
1970; Tan and Aw, 1971).

The aim of this report was to investigate, by starch gel
electrophoresis, the general effects of heat in situ on the
major proteins and several common enzymes in soaked
and dry peanut seed.

EXPERIMENTAL SECTION

Preparation of Heated Samples and Controls. The
heat treatment was described by Neucere (1972) and is

Southern Regional Research Laboratories, Agricultural
Research Service, U. S. Department of Agriculture, New
Orleans, Louisiana 70179.

1Present address: Department of Biological Sciences,
Louisiana State University in New Orleans, Lake Front,
New Orleans, Louisiana 70122.

briefly discussed here. One-year-old seeds of Arachis hy-
pogaea L. (Virginia 56-R, 1968 crop) were roasted either
dry or after full imbibition. One kilogram of dry seed was
soaked 16 hr in distilled water at 25°, blotted, and placed
for 1 hr in a shallow pan in a forced air temperature-regu-
lated oven preset to designated temperatures (°C). Each
batch of seeds was extracted with hexane-acetone (1:1)
at a ratio of 1 g of tissue per 3 ml of solvent at 5°. Based
on 0.1 g of meal per ml extracted at room temperature in
phosphate buffer, pH 7.8, ionic strength 0.2, the following
amounts of protein were solubilized from each sample
(TableI).

The controls used in this study (samples 11 and 12)
were prepared from acetone-hexane defatted seeds that
were unheated and from full-fat unheated seeds; the same
phosphate buffer was used for extraction. All extracts
were frozen and stored at —20° before experimentation,

Preparation of a-Arachin. «-Arachin was partially pu-
rified from crude phosphate buffer extracts of peanut cot-
vledons by cold-precipitation (2°) according to Neucere
(1969).

Application of Samples in Gels. To increase protein
quantities for each sample, the application paper was
dipped twice into the extract with drying between each
dipping before inserting the sample into the gel. The dip-
ping-drying procedure did not alter the banding patterns
but effectively increased protein concentration; this pro-
cedure with a-arachin is discussed later.

Electrophoresis. Procedures for horizontal starch gel
electrophoresis were similar to those of Smithies (1955)
and Poulik (1957) and were described previously (Thomas
and Brown, 1970).

Enzyme Assays. To demonstrate nonspecific «-esteras-
es («-EST), the starch slices were incubated 2 hr at 25° in
100 ml of 0.2 M phosphate buffer, pH 6.0, containing 75
mg of Fast Blue RR salt, 1.5 ml of 1% a-naphthyl acetate
in acetone-water 1:1 (v/v), and 10 ml of 1-propanol (ab-
solute). Leucine aminopeptidase (LAP) was detected by
incubating the gels 2 hr in 100 ml of 0.2 M phosphate
buffer, pH 4.4, containing 20 mg of L-leucyl-8-naphthyl-
amide HCl, and 25 mg of Black Salt K. The solution for
the malate dehydrogenase (MDH) assay consisted of 100
ml of 0.1 M Trisma Base buffer, pH 8.5, 3 ml of neutral-
ized 2 M dl-malic acid, 50 mg of 3-diphosphopyridine nu-
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Of all the enzymes assayed, the peroxidases were the
most heat sensitive. After dry heat at 110°, only a trace of
activity was observed. LAP showed one active band up to
120° in the dry-roasted seed. Results from in vitro heating
of the dormant peanut extracts also indicated that this
particular band was the most heat stable of the four
bands and retained very weak activity at 65° (Thomas and
Bright, 1972). This band reproducibly stains more densely
than the remaining three bands, suggesting that the en-
zyme plays a dominant role in peptidase activity.

Reasons for the nonspecific staining in soluble protein
extracts tested for LAP activity and counterstained with
bromophenol blue stain are somewhat obscure. The dif-
fused nonspecific banding appeared more densely stained
with bromophenol blue after the gel was immersed in LAP
stain (Figure 6B, arrow 1). The bands were also observed
in acid phosphatase stain in acetate buffer (pH 4.6), and
in «-EST stain (pH 6.0), but not consistently.

In summary, the electrophoretic separations of general
proteins in starch gels reported here showed less differ-
ence in banding patterns after wet heat than after dry
heat. The enzyme data suggested that dry seeds give bet-
ter heat protection to these functional proteins than do
imbibed seeds. Some of the isoenzymes were differentially
sensitive to heat, suggesting possible differences in both
their structure and function.

ACKNOWLEDGMENT

The authors thank W. K. Bailey for supplying the pea-
nuts, Jack Berquist for the photography, and Paul Pradel
for technical assistance.

LITERATURE CITED

Antohi, S., Moraru, 1., Cotae, D., Biochem. Biophys. Res. Com-
mun. 39, 226 (1970).

Bailey, J. L., “Techniques in Protein Chemistry,” Elsevier, Am-
sterdam, 1967, 406 pp.

Chawan, D. D., Oceologia 6, 343 (1971).

Efron, Y., Genetics 65, 575 (1970).

Fondy, T. P., Pesce, A., Freedberg, I., Stolzenback, F., Kaplan,
N. O., Biochemistry 3, 522 (1964).

Knudsen, F. U., Knudsen, H. E., Gormsen, J., Anal. Biochem.
36, 192 (1970).

Lowry, O. H., Rosebrough, N. J., Farr, A. L., Randall, R. J., J.
Biol. Chem. 193, 265 (1951).

Neucere, N. d., Anal. Biochem. 27, 15 (1969).

Neucere, N. J., J. Agr. Food Chem. 20, 252 (1972).

Neucere, N. dJ., Ory, R. L., Carney, W. B., J. Agr. Food Chem.
17, 25 (1969).

Poulik, M. D., Nature (London) 180, 1477 (1957).

Smithies, O., Biochem. J. 61, 629 (1955).

Tan, K. K., Aw, S. E., Biochim. Biophys. Acta 235, 119 (1971).

Thomas, D. L., Batulis, J. C., unpublished data, 1972.

Thomas, D. L., Bright, J. E., Can. J. Bot. in press (1973).

Thomas, D. L., Brown, R. M., Jr., J. Phycol. 6, 293 (1970).

Vesell, E. S., Fritz, P. J., White, E. L., Biochim. Biophys. Acta
159, 236 (1968).

Received for review July 21, 1972, Accepted February 20, 1973.

Effect of Processing on Availability of Iron Salts in Liquid Infant Formula Products.

Experimental Milk-Based Formulas

Richard C. Theuer,* Wilbur H. Martin, Jerome F. Wallander, and Herbert P. Sarett

Pilot plant batches of liquid milk-based infant
formula were prepared without iron and with
eight iron salts added. Portions of the formulas
containing three of the iron salts were frozen
rather than sterilized. These three salts were also
added to lyophilized formula processed without
iron. Iron availability was calculated from the he-
moglobin responses of anemic rats fed measured
amounts of lyophilized formula added to a milk-
free basal diet. The relative iron availability of
ferrous sulfate incorporated into the formula in

these three ways was 114 to 129, expressed as a per-
centage of the hemoglobin response to standard
ferrous sulfate added to the milk-free basal diet.
Sterilization increased the relative iron avail-
ability of ferric pyrophosphate from 75 to 125, and
of sodium iron pyrophosphate from 40 to 60.
Formulas containing five other iron salts had rela-
tive iron availabilities of 118 to 148. Milk-based
formulas containing ferrous sulfate and produced
in production equipment had relative iron avail-
abilities of 136 to 143.

The relative availability of the iron of various iron salts,
when added to milk or to processed milk-based liquid
products, is controversial. For instance, Niccum et al
(1953) added either ferrous sulfate or ferric ammonium
citrate to high-protein milk-based formulas fed to infants
and found higher hemoglobin values in those infants fed
the formula supplemented with ferrous sulfate. In con-
trast, Pla et al. (1971) reported that the iron of ferric am-
monium citrate added to milk before or after pasteuriza-
tion was utilized as well as standard ferrous sulfate by
iron-depleted rats and chicks.

These conflicting reports suggest that many factors af-
fect the biological availability of iron in milk and in pro-
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cessed milk-based liquid products. Duration of exposure of
the iron salt to the liquid milieu is a factor. Hodson (1970)
reported chemical evidence that ferric orthophosphate in
liquid dietaries dissolves over a period of time and the
iron therein is reduced to the ferrous state during a 2- to
5-month storage period. An effect of processing itself is
suggested by our previous report that processing liquid soy
isolate infant formula products markedly increased the
biological availability of the iron of ferric pyrophosphate
and sodium iron pyrophosphate, two sources of iron found
to have mediocre or poor availability when added as dry
salts to a basal diet (Theuer et al., 1971).

In the present study we determined the availability of
the iron of eight iron salts incorporated into a milk-based
infant formula. With three of these salts, we also attempt-
ed to separate the effects of the two major steps in the
processing of a liquid infant formula (physical mixing of
ingredients and heat sterilization) on the availability of



