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Pungency in Paprika (Capsicum annuum). 1. Decrease of
Capsaicinoid Content Following Cellular Disruption
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The capsaicinoid content in fruits of Capsicum annuum decreased within several days to a level of
only 10% of the starting value when cells were disrupted by homogenization. This decrease was not
observed in fruits that were carefully cut into halves. The analysis of one half made it possible to
determine the reference content at time zero for the second half. A much lower decrease was observed
when minced fruits were stored under nitrogen, whereas storage under oxygen resulted in considerable
losses of capsaicinoids, indicating oxidative processes as a cause for the decrease of capsaicinoid
content.
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INTRODUCTION 0o

Capsicum fruits are valued as part of the diet for different H,CO NHW
reasons in many parts of the world. They are consumed as fresh

fruits, canned as pickles, constituents in condiments and sauces,
and dried as powders in spices and seasonings. Color, aroma,
and pungency are important for quality classification. High

levels of pungency as well as very low levels or even the o
absence of pungency may be desirable. Capsaicin, dihydrocap- H3CO. NHM
saicin, and nordihydrocapsaicin are the most important capsai- @/\
cinoids (Figure 1), which are responsible for pungency. HO

Attempts to influence capsaicinoid contents have focused on Dihydrocapsaicin
genetic, agricultural, and technological aspects.

Within the genusCapsicumnumerous species and varieties

are cultivated, the highest level of pungency being associated M
with C. frutescenswhereasC. annuumcomprises also rather H"coj@/\nu

HO Capsaicin

mild varieties (). The environment and specifically the climate,
light, and temperature during growing of the plant and ripening
of the fruit are thought to have an impact on capsaicinoid levels.
Processing after harvesting also plays an important role,
especially drying conditions, and the amount of seeds included
has an influence on pungency, although the main concern is
the stability of color and aromaJ.

Nordihydrocapsaicin

Figure 1. Chemical structures of the most important capsaicinoids.

In commercial fields ofC. annuumcv. NuMex R Naky
statistically significant differences in pungency among individual
. . . plants within a single plot were reported, indicating a greater
Pungency first appears 20 days after flowering, increases ininfluence of environment over genotype on pungerdy-{12).
the next 10—20 days, and levels o#50 days after flowering Capsaicinoid contents have been reported determined as
(3). The same research group reports for the same culivar  mjlligrams per kilogram of fresh fruit, milligrams per kilogram
annuumvar. annuumcyv. Karayatsubusa grown one year later of dried fruit or partly dried fruit, and milligrams per fruit with
that pungency was detected at day 15 with a maximum at day or without seeds or part of the fruit such as pericarp or placenta,
25 after flowering 4). Another cultivarC. annuunvar.annuum  making it difficult to compare various results. It was not stated
cv. Padron, exhibits a similar time dependeriee?) but shows  clearly whether individual fruits were analyzed and mean values
the highest capsaicinoid content at day 82 (n C. frutescens calculated or whether material of several fruits was combined
an increasing capsaicinoid content was detected between day$efore sample preparation took plack $—8), allowing no
20 and 40, and varying concentrations were detected until day statement on the range of capsaicin content in several fruits at
70 (9). a well-defined stage after flowering. A range of-432 mg/
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Table 1. Capsaicinoid Contents of Eight Individual Fresh Fruits (One Table 2. Capsaicinoid Contents (Milligrams per Kilogram of Fresh
Purchase from Spain) Weight) of Corresponding Groups of Combined Halves of Fruits,
Precision of Determination as Indication of Homogeneity of the Batch
mglkg of mglkg of
color of fruit fresh wt color of fruit fresh wt no. of fruits value for fruit halves
orange 189 orange 259 Q|ssected
orange-green 192 red 264 in halves group A group B SD CV %
green 205 red 287 2 2236 285.8 44.0 17.3
green 246 orange-green 373 328.6 283.8 317 10.3
179.7 176.4 33 13
. . L . . 5 268.8 256.9 8.4 3.2
100 g of fresh fruit was obtained by rinsing the interior of 10 322.9 2975 18.0 58
individual fruits with methanol and 2240 mg/100 g for the 222.8 252.8 212 8.9
remaining rinsed tissues (13). 8 934 885 35 38
With respect to the lower pungency levels observed in late 116.8 129.6 9.1 7.8
stages of maturity, possible mechanisms for chemical reactions 1903 177.9 8.8 4.6
of capsaicinoids within the fruit have recently been suggested 10 2346 240.4 a1 17
(9, 14—16). The basic peroxidase isoenzyme B6 located in 2125 2195 4.9 23
vacuoles of placental epidermal cellE5( 17) and the acidic 159.0 165.9 4.9 30

peroxidase purified from pericarp&) have been implicated in

the conversion of capsaicin and dihydrocapsaicin into a lignin-
like material with a dimerization as a first step (19). One such
dimer has been characterized as an oxidation product in a cell- _ "] b -
free system with riboflavin as photocatalyst without any enzyme ¢ 120 X
involved (20). mL ‘N B8y i o

X
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These in vitro results were not yet corroborated by observa-
tions in vivo to explain intrinsic capsaicinoid levels and stability.
In this paper we report the decrease of capsaicinoid contents in
Capsicumfruits following the disruption of cell structure.

60 4

40 4

relative capsaicinoid content [%]

20

MATERIALS AND METHODS 0

Plant Material. Fresh green and red peppe@. (annuum) of ez 3 4 6d 7“8 ° 10 mo1zoTs s
. L. . .. ays of storage
different origins were purchased from a local market. Fruits of similar

size were selected and processed within 1 day. Figure 2. Storage of halved fruits (x) at 4 °C in an open dish, (M) at

Sample Preparation. The individual fruits were cut into small room temperature in a closed cabinet (slow reduction of water activity),
pieces, combined as indicated, and then minced in a blender (Moulinex and (CJ) at room temperature on an open shelf (faster reduction of water
type 643 or hand-held Braun MR 505). The batch was carefully stirred activity). Capsaicinoid content of batches of five fruit halves is shown as

in an ice bath to ensure homogeneity. Aliquots (10 g) were weighed a percentage of the value obtained at time zero for the corresponding
into glass beakers for storage under conditions as indicated. Prior t0patch of halves.
analytical determination, the original weight was reconstituted with

water, 30 mL of methanol was added, and this suspension Was . onis ag starting material for studies on the capsaicin
homogenized for 1 min (Ultra-Turrax) and left standing at room

temperature for 30 min. The extract was filtered through a paper disk me_tabollsm. We therefore de_term|_ned how many |nd|V|dan
(Schleicher & Schuell, grade 595) into a Biichner funnel, the cell [TUits would have to be combined in one sample preparation

material was washed with 30 mL of methanol, and the combined filtrate Procedure to get an acceptable precision for the determination
filled up to 100 mL with methanol. Depending on capsaicin content Of the capsaicinoid content for the entire batch. To allow for a

and further dilution with methanol/water (70:30), 480 uL was duplicate analysis, individual fruits were dissected from the tip
analyzed by HPLC. to the peduncle as carefully as possible with respect to placenta
Chromatography. Liquid chromatography was performed using a and dissepiments into two halves, which were then allocated to

6A, pump LC-6A) on an 250« 4 mm LiChrospher RP-18e m combined and subjected to sample preparation and analysis as
cartridge with a corresponding guard column at room temperature. The described

eluant was acetonitrile/water/acetic acid (50:50:0.5 by volume) at a . . . .
flow rate of 1 mL/min. Column effluent was monitored by fluorescence ~ Balancing the precision needed and the work involved in

detection (Shimadzu RF-551, excitation at 280 nm, emission at 320 cutting many fruits, the following studies were made with
nm) connected to an APEX chromatography workstation (Autochrom batches of five fruits (Table 2).
version 2.06). Nonanoic acid vanillylamide (Serva) was used as external - Preliminary work suggested an enzymatic metabolism of
standard for quantification (picomoles per area of the peak). The capsaicinoids in minced fruits depending on temperature and
capsaicinoid content was calculated as the sum of nordihydroc."".ps‘."‘id”activity of water @1). To check whether the loss of cellular
(NDC), capsaicin (C), and dihydrocapsaicin (DC). Minor capsaicinoids .y, tmentalization is a prerequisite for such a metabolic
were not considered in this study. . - .
process, 42 groups of five fruits each were cut in halves and

allocated to groups A and B. Group A fruits were analyzed
immediately. This capsaicinoid content provided the 100% value

Fresh pepper fruits purchased as one batch showed a widdor the analysis of the corresponding halves of group B. Group
spread of pungency level when analyzed as individual fruits B fruits were stored as indicated (different conditions) without
(Table 1). Because the capsaicinoid content did not correlate further destruction. It was assumed that the one cut during the
with color, it was not feasible to select fruits with comparable halving would not contribute substantially to cell disruption.

RESULTS AND DISCUSSION
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Figure 3. Parallel storage of minced fruits and halved fruits at (x) 4 °C
and (M) at room temperature in a closed cabinet. Capsaicinoid content
of batches of five fruit halves minced at time zero is shown as a percentage
of the value obtained for the corresponding group of five fruit halves stored
unminced [mean value and standard deviation (SD), n = 2].
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Figure 4. Storage of minced fruits (x) at 4 °C and (M) at room temperature
under either pure oxygen or pure nitrogen. Capsaicin content is shown
as a percentage of the value obtained at time zero (mean value and SD,
n=23).

On the basis of a coefficient of variation (CV) of 6%apble 2)
and at factor of 12.7, a 95% confidence interval of 24—176%
for group B values would result. No decrease of capsaicinoid
content with time is observed under various storage conditions
(Figure 2). The dispersion of values reflects the difficulties
encountered during the dissection.

We then compared halved fruits (group A) with fruits minced
at time zero (group B), both stored in an open dish (i) in the
refrigerator at 4°C and (ii) in a closed cabinet at room

temperature. The capsaicinoid content of group A was assumed
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Figure 5. Storage of minced fruits (x) at 4 °C and (M) at room temperature
under either pure oxygen or pure nitrogen. Dihydrocapsaicin content is
shown as a percentage of the value obtained at time zero (mean value
and SD, n = 3).

determined in triplicate. Aliquots (10 g) were stored in open
glass beakers in the desiccators under conditions as indicated.
Mean values from triplicate analysis were reported as a
percentage of the value obtained at time zero. In some
chromatograms of samples stored under oxygen we observed
signals interfering with the determination of nordihydrocapsai-
cin. Therefore, only results for capsaicin and dihydrocapsaicin
are reported. As can be seen frdRigures 4 and 5, both
compounds decrease to the same extent under oxygen but not
under nitrogen. Again, temperature plays an important role.

It has already been shown that peroxidase B6 isolated from
Capsicum fruits can oxidize dihydrocapsaicin as well as
capsaicin with hydrogen peroxide as reaction parttér L7).

Our results show a decrease due to chemical reactions under
oxidative conditions of these intrinsic compounds in vivo after
cell compartmentalization has been disrupted.

It remains to be seen if there are differences among various
Capsicunspecies with respect to heterogeneity of capsaicinoid
contents and metabolism in individual fruits using botanically
well-defined plant material at different times after flowering.
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