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may be due to the polar, hydrophilic characteristics of
DMA-2,4-D.
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Immunochemical-Cytological Study of Proteins from Partially Defatted Peanuts

Navin J. Neucere* and Thomas Hensarling

To help open new markets for peanuts and pea-
nut products, Southern Regional Research Labora-
tory is developing various processing conditions
to obtain low-fat peanuts (Pominski et al., 1970;
Vix et al., 1967). In this study, we report inte-
grated analyses correlating cytological ultrastruc-
ture with immunochemistry and electrophore-
sis of proteins of seeds that were partially defat-
ted by hydraulic pressing and reconstituted with
hot water. Pressing alone does not appreciably

affect the qualitative disk and immunoelectro-
phoretic patterns of the proteins; however, the
hot water treatment does. Protein solubility is
negligibly reduced by pressing out the oil but re-
constitution with hot water reduced it twofold.
Electron micrographs of the pressed and recon-
stituted seeds showed progressive disruption of
subcellular organelles and membranes. Trypsin
inhibitors were inactivated after the hot water
treatment.

The conventional approach to preparing peanuts for
snack use is either dry or oil roasting. For peanuts and
some of the edible tree nuts, the process achieves desir-
able texture and flavor, and in some cases mild heat im-
proves nutrition. A simple step to remove excess oil from
peanuts, while increasing protein content, is one way of
providing nutritious products for the general public.
Though it is recognized that vitamins and minerals are
also essential to good nutrition, high-quality protein foods
are a special case where people are demanding more op-
tions at moderate prices.

Laboratory-prepared peanut flours subjected to heat,
pressure, and steaming under several conditions of time
and temperature have received much attention in recent
years (Anantharaman and Carpenter, 1969; McOsker,
1962; Neucere et al., 1972; Woodham and Dawson, 1968).
Changes in physicochemical properties of peanut proteins
under various processing conditions and general charac-
terization of the proteins have also been reported (Daus-
sant et al., 1969; Dawson, 1971; Dieckert et al., 1962;
Neucere, 1972; Neucere et al., 1969; Tombs, 1965). All of
these studies revealed the complexity of peanut proteins
as evidenced by results from several different types of
analyses,

In this article we report an integrated study of cellular
ultrastructure and electrophoretic-immunochemical prop-
erties of proteins from seeds that were deoiled by hydrau-
lic pressing followed by reconstitution with hot water.
Solubility differences and trypsin inhibition affected by
processing are also discussed.

MATERIALS AND METHODS

Virginia peanut cotyledons were hydraulically pressed
and reconstituted with hot water as described by Vix et
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al. (1967). Seeds were pressed out at 2000 psi for 60 min
and then placed in hot water from 3 to 8 min. The deoil-
ing process removed about 75% of the oil, leaving seeds
with 40-45% protein. The expansion step (hot water) re-
sulted in seed containing about 40% moisture; the fin-
ished product is then achieved by roasting to remove most
of the moisture.

For chemical analyses: (1) full-fat seeds were used as
the control; (2) the seeds were pressed; and (3) the recon-
stituted deoiled seeds were defatted with equal volumes of
cold acetone (5 g of seed per 20 ml of acetone). The pea-
nut flours were then extracted in phosphate buffer, pH 7.9,
ionic strength 0.2, with a hand homogenizer at room tem-
perature (50 mg of flour per 1 ml of buffer). The homoge-
nate was centrifuged at 35,000 X g for 20 min and the
final supernatants were used in the chemical analyses.

Protein contents were determined by the method of
Lowry et al. (1951). Immunoelectrophoresis on microscope
slides was carried out according to Grabar and Williams
(1953) in 1.5% lonagar (Oxoid Ltd., London) in 0.025 M
veronal buffer, pH 8.2, at room temperature with a volt-
age gradient of 4 V/cm for 2 hr. Disk electrophoresis was
performed according to Steward et al. (1965) using 7.5%
acrylamide in the running gel, and a modification of the
standard Canalco procedure (Canalco Industrial Corpora-
tion, Bethesda, Md.) using 7.5% Cyanogum 41 (Fisher
Scientific Company) gelling agent in the running gel and
3.0% of same in the stacking gel; tris-glycine buffer, pH
8.4, was employed. Fixation for electron microscopy was
performed according to Luft (1956) and tissue embedding
in epoxy resin was performed according to Spurr (1969).

RESULTS

The morphological changes induced on the fine struc-
ture of the peanut by processing are shown in Figures 1, 2,
and 3. A typical cell in the native dormant seed (Figure 1)
shows the major subcellular organelles—aleurone grains,
spherosomes, and starch grains. Spherosomes, which con-
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Stachydrine: Content in Alfalfa and Biological Activity in Chicks

Margaret A, Connor,* J. Benjamin Stark, James C. Fritz,! and George O. Kohler

Stachydrine (proline betaine) has been identified
as the major quaternary nitrogen base in alfalfa.
Its content in dehydrated alfalfa meals has been
positively correlated with protein contents. More

stachydrine was present in the leaves than in the
stems. A chick feeding study showed that stachy-
drine decreased the incidence of perosis.

Some confusion has existed over the identity of the qua-
ternary nitrogen bases present in alfalfa. Steenbock (1918)
first isolated and identified stachydrine (proline betaine)
as a component of alfalfa hay, and later Vickery (1925)
found that it was the principal quaternary base present in
alfalfa. However, a recent report, “A Study of the Major
Nutritional Constituents of Dehydrated Alfalfa” (Ameri-
can Dehydrators Association, 1965), lists the major base to
be betaine (glycine betaine). Due to the possible physio-
logical differences of the two bases, studies were conduct-
ed in this laboratory to identify the quaternary bases pres-
ent, to determine which are the major constituents, to de-
velop a satisfactory method for their determination, and
to examine their biological activity.

EXPERIMENTAL SECTION

Identification of Quaternary Ammonium Compounds
Present in Alfalfa. A partially deproteinated pressed
juice from fresh alfalfa, concentrated to 54.2% solids
(Bickoff et al., 1968), was fractionated according to the
ion-exchange procedure of Stark (1962). The fraction con-
taining the quaternary ammonium compounds was col-
lected and concentrated (organic base concentrate).

A 95-mg sample of this organic base concentrate in 2.5
N HCI was fractionated on Dowex 50W (200-400 mesh),
according to the procedure of Christianson et al. (1960).
The order of elution and extent of separation of stachy-
drine, betaine, and choline were determined by chromatog-
raphy of control materials.
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Four 500-ml fractions and one 1-l. fraction of effluent
were scanned for quaternary nitrogen compounds by mea-
surement of the ultraviolet absorption of the periodide de-
rivative (Wall et al., 1960). Further identification was car-
ried out by thin-layer chromatography on silica gel/Kie-
selguhr (25/75 by weight) using water (100%) or ethanol-
ammonia (95:5) as the developing solvent systems. A
modified Dragendorff reagent (Bregoff et al.. 1953) was
used for detection. Identification of bands was carried out
by comparison of R; values of known samples of choline,
stachydrine, betaine, and trigonelline (betaine of N-meth-
yl nicotinic acid).

Trigonelline in the organic base fraction was deter-
mined using the spectrophotometric procedure of Moores
and Greninger (1951).

Routine Procedure Developed for Determination of
Stachydrine in Alfalfa. An ion-exchange procedure was
used to separate choline and stachydrine as follows. Dehy-
drated alfalfa (10 g) was blended with 500 ml of 80° water
in a blender for 15 min. Approximately 10 g of Celite was
added and the extract was filtered with suction. The filter
cake was washed three times with 100-ml portions of
water. Water was added to the combined filtrate to reach
a final volume of 1 1. and 500 ml was passed through a
20-cm3 column of Dowex 50 (H+) X-8, 50-100 mesh resin.
The resin was washed with 60 ml of water and eluted with
100 ml of 1 N ammonium hydroxide, followed by 40 ml of
water applied in small aliquots. The combined ammonia
eluate and subsequent washings were evaporated on a ro-
tary evaporator to remove free ammonia and the remain-
ing solution was acidified with 2 ml of 6 N HCI] and made
to 100 ml with water. Analyses were carried out using the
method of Focht et al. (1956). Concentration was estimat-
ed from a standard curve prepared from stachydrine-HCI
reineckate.
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