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pounds of this series and a well-characterized odor of bell
pepper. Surprisingly, we found that the L isomer had a
different odor and a much higher threshold. It follows
that, if the compound obtained from commercial menthone
is free from cis isomers, the bell pepper odor is due only
to the enantiomer D-frans-4-isopropyl-7-methylcyclo-
hexathiazole; its olfactory threshold then should be 0.18
ppb, more than 100 times lower than that of its enan-
tiomer. This finding, however, needs further investigation.
A comparison between the structure of 4-isopropyl-7-
methylthiazole and that of 4-isobutyl-5-isopropylthiazole
(Figure 2b), which shows an extremely intense odor of bell
pepper (Pelosi and Pasqualetto, 1981), shows that the first
compound mimics a particular situation among the many
conformations of the second derivative and defines with
greater accuracy the shape requirements for the hydro-
phobic part of such odorants, and, consequently, the
complementary shape of the corresponding olfactory re-
ceptor. We plan to measure binding constants between
these odorants and the specific olfactory receptor and to
establish correlations between such constants and odor
properties.

Registry No. I, 57246-59-0; II, 5661-10-9; III, 4433-49-2; IV,
7140-68-3; V, 84648-03-3; VI, 84648-04-4; (£)-VII, 84648-05-5;
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Capsaicin Production in Sweet Bell and Pungent Jalapeno Peppers

B. J. Rowland, B. Villalon, and E. E. Burns*

Morphological, histological, and chemical analyses of the interlocular septums of jalapeno peppers and
bell peppers were compared. Scanning electron, bright-field, and transmission electron microscopic
examinations of the interlocular septums showed little histological difference of the interlocular septa.
Glandular regions of oil-producing cells are present in both varieties of peppers. Thin-layer chroma-
tography of the oil produced by pepper gland cells demonstrated that bell peppers produce neutral lipids,
glycolipids, and capsaicinoids. Conclusive evidence was found that capsaicin is synthesized in the
glandular areas of the interlocular septum of jalapeno peppers.

The jalapeno pepper originated in Jalapa, Mexico, and
is becoming increasingly popular with U.S. consumers.
One of the more desirable characteristics of jalapeno
peppers from a consumer’s point of view is pungency, or
the ability to produce an organoleptic sensation of heat.
The component of jalapeno and other peppers which
produces this sensation is capsaicin, a chemical compound
that is odorless and flavorless. It is located mainly in the
cross walls of hot peppers and spreads throughout the pod
during processing. The outer wall of the raw jalapeno has
a flavor identical with that of bell pepper (Huffman et al.,
1978).

The location of synthesis of capsaicin within the fruit
is a subject of much dispute. Newman (1953) felt that the
seeds contained little or no capsaicin. Balbaa et al. (1968)
published data that indicated the opposite. Both, however,
demonstrated that the majority of capsaicin was associated
with the dissepiment portion of the fruit. Huffman et al.
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(1978) confirmed this using gas chromatography. They
determined that higher levels of capsaicin are found in the
cross walls. Small amounts found in the seed portion was
thought to be due to surface contamination during dis-
section. They examined the cross wall portion of the ja-
lapeno with light microscopy and failed to detect the
presence of anatomical structures associated with the
capsaicin. However, an intense yellow pigmentation can
be observed in both hot and sweet peppers.

Plant glands are a distinct group of highly specialized
cells. Glands are composed of secretory cells and often
different kinds of auxiliary cells. Different terms are used
to denote the type of secretion process. If the secreted
material passes directly through the plasmalemma, the
process is called eccrine. Material that is transported
across the membrane, collected in vesicles, and extruded
by exocytosis is called granulocrine secretion. Both forms
of secretion are said to be the merocrine type (Schnepf,
1974).

The jalapeno pepper secretes an essential oil that is
commonly known as capsaicin, but the type of gland or cell
that produces it was unknown prior to this study. the
presence of specialized cells which synthesize capsaicin in
the cross walls was delineated as well as other aspects of
the production of essential oils in jalapenos. Histological
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and morphological differences in the interlocular septae
of sweet and pungent peppers were related to lipid content
and composition and also capsaicin content in sweet and
pungent peppers. Organoleptic pungency was also related
to capsaicin and lipid content. As a result of this study,
simplified methods of quantitating capsaicin based upon
the lipid content of the peppers can possibly be developed.

EXPERIMENTAL SECTION

Raw Product. Jalapeno peppers were grown at the
Texas A&M University research station in Weslaco, TX.
The were harvested at the green ripe stage and shipped
to College Station for analysis.

Capsaicin Analysis of Dried Peppers. Four cultivars
of peppers—three hot (JM, TMJ, T85) and one mild
(TAM)—were cut into sections and dried in a vacuum oven
at 50 °C and 30 mmHg for 12 h until a constant weight
was achieved. The peppers were ground in a Wiley mill
to pass a No. 30 USAA screen.

Capsaicin analysis was completed according to the
methods of Huffman et al. (1978) using a Varian Model
2700 gas chromatograph. Calculations for total capsaicin
followed the method of Todd et al. (1975).

Capsaicin Analysis of Fresh Peppers. Fresh jalapeno
peppers were dissected and interlocular septums were
removed. A sharp probe was used to rupture the cuticle
along the septums carefully avoiding penetrating the cells,
while the tissue was viewed with a compound dissecting
microscope at a magnification of 10X. The areas were
washed with drops of chloroform and extract was collected
in a small beaker. The extract was evaporated to dryness
in a flash evaporator at 50 °C and rehydrated with THF
with 1 mg/mL octacosane as an internal standard. The
extract was silylated with MSTFA and injected into a
Varian 2700 gas chromatograph with a temperature pro-
gram of 170 to 230 °C rising at 4 °C/min.

Total Lipids of Interlocular Septum. The total lipids
of the interlocular septums of bell peppers and of the four
cultivars of jalapeno peppers grown at Weslaco, TX, were
analyzed by using the method of Folch et al. (1957). Five
grams of whole cross wall tissue was blended with a 2:1
(v/v) mixture of redistilled chloroform methanol with a
solvent:tissue ratio of 20:1. The extract was filtered
through Whatman No. 52 filter paper and given a wash
with 0.05 N aqueous KCl (Folch et al., 1957).

Thin-Layer Chromatography. The contents of the
blisters of jalapeno and bell pepers were analyzed by using
thin-layer chromatography. A sharp probe was used to
rupture the blisters on the interlocular septae of the
peppers while they were viewed with a compound micro-
scope at 10%. The contents of the blisters were carefully
scraped out, weighed, and dissolved in 1 mL of chloroform.
Thin-layer chromatography was performed on glass plates
coated with silica gel in a layer 0.25 mm thick. The extract
was spotted on the plates, and the plates were developed
in a solvent system of diisobutyl ketone—acetic acid—-water
(40:25:2 v/v) (Kates, 1972). Lipid classes were identified
by staining with Rhodamine G6 and from comparison with
the data of Kates (1972).

Ether Extraction. An ether extraction of ground dried
whole peppers was performed by using the method of Lee
et al. (1975). The extracts were filtered through Whatman
52-grade filter paper, evaporated to dryness in a flash
evaporator, and weighed.

Glutaraldehyde and Osmium Fixation. The inter-
locular septums of bell and jalapeno peppers were removed
and the glandular areas were sectioned into 1-mm? pieces.
The samples were placed immediately into a fixative of
3% glutaraldehyde and 3% paraformaldehyde in a 0.05
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M Pipes buffer at a pH of 7.4 and at 4 °C. The sections
were held in the fixative for 5 h. They were rinsed with
cold 0.05 M Pipes buffer for 1 h with three to five changes
and were placed in 1% osmium tetraoxide solution buff-
ered with 0.05 Pipes buffer and held for 5 h at 4 °C. The
tissues were rinsed with four to five changes of cold dis-
tilled H,O for a period of 1 h, then placed in aqueous 2%
uranyl acetate, and held at 4 °C overnight. They were
rinsed with three to five changes of distilled H;O and
dehydrated in a series of alcohol solutions at concentrations
of 25% C,H;0H, 70% C,H;OH, 100% C,H;OH (3X), and
then 100% acetate (2x). They were held in each alcohol
concentration for 30 min and each change of acetone for
20 min. The fixed specimens were placed in an acetone-
resin mixture (50:50 v/v) for 24 h. The mixture was
changed to acetone-resin (25:75 v/v) for another 24 h and
then finally to a 100% resin for 24 h. The specimens were
embedded in 100% Spurr’s resin (Spurr, 1969).

Bright-Field Microscopy. The embedded specimens
were mounted on wooden stubs, and sections of 1 um
thickness were obtained by using a Sorvall MT-2B ul-
tramicrotome and stained with azure B and methylene
blue (1:1 v/v). The sections were examined with a Wild
M-20 compound microscope. Micrographs were recorded
with Kodak panatomic X film with an ASA of 32.

Transmission Electron Microscopy. The embedded
specimens were sectioned to a thickness of 600-700 A using
a Sorvall MT-2B ultramicrotome and placed on 300 X 75
mesh grids. They were stained with uranyl acetate and
contrasted with lead citrate. The sections were examined
using a Philips 300 transmission electron microscope.
Information was recorded on orthochromatic negative film
at a KV of 60.

Scanning Electron Microscopy. The specimens to
be used for scanning electron microscopy were fixed in the
same manner as for transmission electron microscopy.
They were attached to aluminum stubs with silver con-
ductive paint and coated with gold palladium. The
mounted specimens were examined with a Cambridge
Model S-4 stereoscan electron microscope. Micrographs
were recorded from the cathode ray tube with Polaroid 55
positive-negative film.

KMnO, Fixation. Tissues from cross walls of bell and
jalapeno peppers were fixed with a 4 °C aqueous KMnO,
solution for 2 h. The samples were rinsed with 4 °C dis-
tilled H;O until no more KMnO, could be rinsed out.
They were dehydrated in an alcohol series in the same
manner as the tissues fixed in glutaraldehyde and em-
bedded in Spurr’s low viscosity resin (Spurr, 1969). One
micrometer thick sections were obtained by using a Sorvall
MT-2B ultramicrotome and stained with azure B and
methylene blue (1:1 v/v). The sections were examined
with a Wild M-20 compound microscope.

Organoleptic Pungency. A Scoville heat unit test
(Scoville, 1912) for pungency was conducted by using the
four cultivars grown as Weslaco, TX. The ASTA (1968)
analytical methods for pungency in Capsicum spices were
used. Scoville units were calculated from the ASTA
schedule B.

Statistical Evaluation. Analysis of variance was used
to determine differences between cultivars in capsaicin
content and lipid content. Pearsons correlation coefficients
were determined for objective and subjective measure-
ments.

RESULTS AND DISCUSSION

Capsaicin. The four cultivars of dried ground peppers
used in the gas-liquid chromatographic analyses were
similar to capsaicin content. When analysis of variance









