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ABSTRACT
Light microscopy staining methods for amino acids

and sugars were adapted for glutaraldehyde vapor
fixed, freeze dried, plastic embedded tissue of peanut
cotyledons (Arachis hypogaea L.). These methods
revealed the locale of amino acids and sugars, which
are regarded as precursors of roasted peanut flavor
compounds. Amino acids were localized in the protein
bodies and cytoplasmic network by Coomassie Brilliant
Blue G-250, Orange G, and diacetylbenzene. Sugars
were localized in the protein bodies and cytoplasmic
network by Alcian Blue - PAS procedure and an adap
tation of the Okamoto method for sugars. Localization
of the amino acids and sugars provide further evidence
to the importance of the protein bodies in the cotyle
don in the production of roasted peanut flavor.
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Roasted peanuts and their associated products are very
appealing commodities with a desirable and unique flavor.
Protein-bound and free amino acids in combination with
sugars (sucrose, glucose, fructose, raffinose, stachyose)
have been implicated as the primary precursors for the
volatile flavor compounds of roasted peanuts (Picket and
Holley, 1952; Mason and Waller, 1964; Mason et al., 1966;
Newell et al., 1967; Vercellotti et al., 1993). Certain sen
sory attributes that are important to overall roasted peanut
flavor have been shown to be heritable traits (Pattee and
Giesbrecht, 1990; Pattee et al., 1993, 1995, 1998).
Oupadissakoon and Young (1984) have modelled roasted
peanut flavor and found that the best 10-variables model
for predicting roasted peanut flavor used the concentra-
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tion of eight different amino acids, sucrose, and total sugar
from raw peanuts. Pattee et al. (2000) investigated possi
ble relationships between heritable sensory traits and
found a positive correlation of total sugars with sweetness,
a positive correlation of total sugars with roasted peanut
attribute, and negative correlation of total sugars with bit
terness and astringency. The expected generalized rela
tionship of total sugars or sucrose to sweetness could not
be established because the relationship was not the same
across all market-types.

Although a relationship between amino acids, sugars
and roasted peanut flavor seems to be evident, there is lit
tle or no information about the physical relationships of
these components within peanut cotyledon cells. The
light microscopy methods reported in this study provide
alternative histochemical means for localizing these amino
acids and sugars in peanut cotyledons before roasting and
understanding these relationships.

Materials and Methods
Mature peanuts seed (Arachis hypogaea L., cv. NC 7)

were obtained from the North Carolina Peanut Growers
Assoc. They were grown under standard cultural prac
tices recommended for North Carolina.
Glutaraldehyde Vapor Fixation.

Whole peanut cotyledons were skinned and split into
separate cotyledons before fixation. The split cotyledons
were then placed in 10 mL beakers, and each beaker was
placed in a specimen jar containing 2 mL of 70% glu
taraldehyde. Each jar functioned as an individual vapor
fixation chamber for the cotyledons in the beakers after
the lids of the specimen jars were sealed. Cotyledons
were vapor-fixed for a period of 4 wk at 4 C.
Freeze Drying.

After glutaraldehyde vapor fixation, cotyledons were
freeze dried for 16 hr before absolute ethanol dehydration
to remove any residual moisture.
Absolute Ethanol Dehydration.

After glutaraldehyde vapor-fixation and freeze drying,
tissue blocks (1 mm") were cut from outer and inner sur
faces of all peanut cotyledons for dehydration in absolute
ethanol (except for tissue blocks used in the adaptation of
the Okamoto method - see procedure for these tissue
blocks under the applicable stain method). Tissue blocks
were dehydrated for 5 min intervals in two changes of
absolute ethanol before infiltrating with Spurr's resin.
Embedding with Spurr's Resin.

Dehydrated tissue blocks were infiltrated and embed
ded with Spurr's resin using the methodology of Spurr
(1969) for long pot-life resin.
Preparation for Light Microscopy.

Sections, 3 pm in thickness, were cut from embedded
samples using a Reichert ultramicrotome and glass knives.
After mounting sections on glass slides, the sections were
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stained according to the applicable stain schedules.
Stained sections were then photographed with a Wild
photomicroscope fitted with a 35 mm camera.
Stain Schedules for Protein-bound and Free Amino
Acids.

Coomassie Brilliant Blue G-250 (after Saio et al.,
1983):
(a) Stain section for 2 min with dye solution by plac

ing a drop of solution on the section. Use a 0.5%
solution of Coomassie Brilliant Blue G-250 in 7%
acetic acid and 50% methanol by dissolving 1 g of
Coomassie Brilliant Blue G-250 in 100 mL of
100% methanol to which 100 mL of 14% acetic
acid is added.

(b) Rinse the slide with 7% acetic acid and 50%
methanol for a few seconds.

(c) Apply a few drops of 7% acetic acid and 50%
methanol to prevent drying and add a cover slip.

(d) Protein-bound and free amino acids in the cyto
plasmic network and protein bodies stain blue.

Orange G (after James and Tas, 1984):
(a) Stain section for 30 min with dye solution by

placing a drop of solution on the section. Use a
dye solution prepared by dissolving 0.1 g of
Orange Gin 100 mL of 1% acetic acid (pH 2.8).

(b) Rinse the slide for several seconds with 1% acetic
acid (pH 2.8).

(c) Apply a few drops of 1% acetic acid to prevent
drying and add a cover slip.

(d) Free terminal amino groups and free basic side
chains of lysine, arginine and histidine in the
cytoplasmic network and protein bodies stain
bright orange.

Diacetylbezene (after Pearse, 1985):
(a) Immerse sections for 5-10 min in 0.1 M veronal

acetate buffer (pH 8.2).
(b) Immerse in 2% diacetylbenzene in 70% ethanol

with an equal amount of 0.1 veronal acetate
buffer (pH 8.2). The buffer should be added
shortly before the beginning of the incubation.
Leave for 30-60 min at room temperature.

(c) Wash briefly in buffer at pH 7.0 and then in three
changes of distilled water.

(d) Apply a few drops of distilled water to prevent
drying and add a cover slip.

(e) Amino groups in the cytoplasmic network and
protein bodies stain red.

Stain Schedules for Sugars.
Aldan Blue - PAS Procedure (after Pearse, 1985):
(a) Immerse section for 2 hr in 1% Alcian Blue in 3%

acetic acid.
(b) Rinse briefly in distilled water and then in 3%

acetic acid. Rinse again with distilled water.
(c) Immerse section for 10 min in aqueous 1% peri-

odic acid to oxidize.
(d) Wash in running water for 5 min.
(e) Immerse section in Schiff's reagent for 10 min.
(f) Wash in running water for 2 min.
(g) Rinse in three changes of 0.5% sodium bisulfite,

1 min in each.
(h) Wash in running water for 5 min.

(0 Apply a few drops of distilled water to prevent
drying and add a cover slip.

(j) Sugars which are periodate-reactive and
alcianophilic are localized in the cytoplasmic net
work and protein bodies by a bluish-purple end
product.

Adaptation of Okamoto Method for Sugars (after
Pearse, 1985): NOTE: Further treatment of glu
taraldehyde vapor-fixed, freeze dried tissue blocks is
required for this method before dehydration with
absolute ethanol and infiltration with Spurr's resin.
This treatment is described:
(a) Place glutaraldehyde vapor-fixed, freeze dried

tissue blocks in methanol saturated with barium
hydroxide for 24 hr.

(b) Immerse blocks for 5 min intervals in two
changes of absolute ethanol.

(c) Immerse blocks in alcoholic silver nitrate for
about 30 min (Prepare alcoholic silver nitrate by
adding 90 mL of absolute ethanol to 10 mL of
20% aqueous silver nitrate.)

(d) Rinse blocks for 30 sec intervals in three changes
of 96% alcohol.

(e) Reduce in alcoholic formalin (Prepare alcoholic
formalin by adding 90 mL of absolute ethanol to
10 mL of 40% formaldehyde).

(f) Bring blocks through descending strengths of
aqueous alcohol (75, 50, and 25% at 15 min inter
vals) to water.

(g) Immerse blocks for 1 min in 5% sodium thiosul
fate.

(h) Wash blocks in distilled water and dehydrate for
5 min intervals in an ascending series of aqueous
ethanol (25, 50, 75, and 95%) and finally in two
changes of absolute ethanol.

(0 Sugars stain as a blackish stable end product in
the cytoplasmic network and protein bodies.

Results and Discussion
Amino acids and sugars in peanut cotyledons have

been postulated to combine during roasting (Newell et al.,
1967; Vercellotti et al., 1995) to form the volatile com
pounds, which have been implicated as the character
impact compounds of typical roasted peanut flavor. All
three histochemical tests for protein-bound and free
amino acids reported herein - (1) Coomassie Brilliant
Blue G-250 (Fig. 1); (2) Orange G (Fig. 2); and (3)
diacetylbenzene (Fig. 3) -localized amino acids in the pro
tein bodies and cytoplasmic network. Both histochemical
tests for sugars reported herein - (1) Alcian Blue - PAS
procedure (Fig. 4) and (2) an adaptation of the Okamoto
method (Fig. 5) - localized sugars in the protein bodies
and cytoplasmic network as well. This localization of
amino acids and sugar concentration primarily to the pro
tein bodies suggests that future studies regarding amino
acid, sugar, and roasted peanut relationships should be
focused on the constituents within the protein bodies.
Future advances in instrumentation should make it possi
ble to conduct such experiments.

The results of this study, which indicate that amino
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acids and sugars are both localized in the protein bodies,
support the findings of Mason and Waller (1964). Mason
and Waller (1964) reported from their fractionation exper
iments on roasted peanuts that the fraction containing pri
marily protein bodies was by far the most potent in typical
roasted peanut aroma and tasted very much like peanut

Fig. 1. Protein-bound and free amino acids stained blue with
Coomassie Brilliant Blue G-250 in the cytoplasmic network
(C) and protein bodies (P) in a peanut cotyledonary parenchy
mal cell. Bar = 8pm.

Fig. 2. Free terminal amino groups and free basic side-chains of
lysine, arginine and histidine stained bright orange with
Orange G in the cytoplasmic network (C) and protein bodies
(P) in a peanut cotyledonary parenchymal cell. Bar =2Opm.

butter. This finding of the typical roasted peanut aroma in
the protein body fraction is consistent with the histochem
icallocalization in the present study of both necessary fla
vor precursors, namely amino acids and sugars, in the pro
tein bodies.

Fig. 3. Amino groups stained red with diacetylbenzene in the
cytoplasmic network (C) and protein bodies (P) in a peanut
cotyledonary parenchymal cell. Bar =20pm.

Fig. 4. Sugars stained bluish-purple after the A1cian Blue - PAS
procedure in the cytoplasmic network (C) and protein bodies
(P) in a peanut cotyledonary parenchymal cell. Bar = 8pm.
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Fig. 5. Sugar stained black after treatment with the adaptation
of the Okamoto method in the cytoplasmic network (C) and
protein bodies (P) in a peanut cotyledonary parenchymal cell.
Bar =8pm.
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