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Abstract

The aim of the present work was to determine differen-
ces in C and O glycosides of flavonoids, derivatives of phenolic
acids, as well as capsaicinoid content in two semi-hot pepper
cultivars, cv. Tornado and Tajfun. Fruits were harvested at
the green and red maturity stages. Flavonoid and capsaicinoid
fractions were isolated on Sep-Pak C18 cartridges with 40%
and 70% methanol-water solutions, respectively. The chemical
composition of both fractions was determined by HPLC method
using standards of phenolic compounds obtained in the earlier
work and the capsaicin standard. The flavonoid fraction con-
tained glucose esters of phenolic acid, mainly ferulic and sinapic
acid, as well as derivatives of flavonoids, quercetin, luteolin and
apigenin, which occurred as O- and C- glycosides with glucose,
rhamnose, and apiose. The capsaicinoid fraction contained ma-
inly capsaicin and dihydrocapsaicin. It was found that in green
fruits flavonoid O-glycosides were the predominant phenolics,
while in red ones derivatives of phenolic acids. A higher loss of
O-glycosides of flavonoids than of C-glycosides was observed
during the maturation of the fruit of semi-hot pepper cultivars.

Key words: Capsicum annuum L; C-glycosides, O-glycosides;
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INTRODUCTION

In the recent decades, we can observe the great
interest of scientists in the influence of food intake on
human health. It has been found that diet rich in fruit
and vegetables decreases the risk of cardiovascular
and neoplastic diseases and delays the aging processes
(Rowland, 1999). This is defined by the term “func-
tional food” applied to food that evidently has a good
influence on human health, and “nutriceuticals” used
for dietary compounds that promote health. Many food
components are recognized as nutriceuticals, among
them vitamins, carotenoids, and phenolic compounds
(Fahs and Faucher, 2002). Pepper fruits are very

popular due to their health-promoting properties as-
sociated with their high content of vitamins C and E
that are present in high concentration in various pepper
types (Howard et al. 2000; Marin et al. 2004).
The second group of biologically active compounds
of pepper are carotenoids, among them B-carotene and
B-cryptoxanthin with provitamin A activity (Horne -
ro-Mendez etal. 2000 Minguez-Mosque-
ra et al. 2000).

Phenolic compounds are a group of plant se-
condary metabolites important for nutritional and
therapeutic applications (Shetty, 2004). They exert
beneficial effects in a multitude of disease states, in-
cluding cancer, cardiovascular diseases, and neurode-
generative disorders (Harborne and Williams,
2000). The chemical activity of phenolic phytochemi-
cals has been shown to be associated with antioxidant
action in biological systems; they act as scavengers
of singlet oxygen and free radicals (Harborne and
Williams, 2000). The ability to quench free radi-
cals arises from the chemical structure of phenolics.
A number of studies have demonstrated the relation-
ships between their structure and antioxidant activity
(Rice-Evans et al. 1997). It has been found that
the activity of these compounds generally depends on
the presence of hydroxyl substituents and their position
in the molecule (Rice-Evans etal. 1997, Burda
and Oleszek, 2001). In pepper fruit they occur as
O- and C-glycosides of flavonoids and glucose esters
of phenolic acids (Marin et al. 2004; Materska
and Perucka, 2005).

The stimulation of synthesis of protective sec-
ondary metabolites results from plant adaptation to bi-
otic and abiotic stresses (Shetty, 2004). Phenolics
play an important role as cellular support materials and
the increase in the levels of these compounds is a re-
sponse to infection, acting as a precursor for synthe-
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sis of lignin, suberin and other polyphenolic barriers
(Yalpani etal. 1994; Diaz etal. 1998).

The hot taste of peppers arrises from capsaici-
noids, alkaloids specific for the Capsicum genus. Ac-
cording to the capsaicinoid content, peppers may be
classified as hot, semi-hot and sweet. Capsaicin, the
main compound of capsaicinoids, has been studied
extensively to exploit its potentially therapeutic value
(Long and Medeiros, 2001; Kogure et al
2002; Szolcsanyi, 2004). It is considered as an
analgesic and antiinflammatory drug (Szolcsanyi,
2004). To date, several studies have revealed the ability
of capsaicin to inhibit events associated with the inhi-
bition, promotion and progression of cancer (M orre
et al. 1996; Lee et al. 2004).

The biosynthesis of phenolic compounds consists
of two central pathways: the shikimate and the common
phenylpropanoid pathway from L-phenylalanine. The
vanillylamine moiety of capsaicinoids is also biosyn-
thetically derived from L-phenylalanine (Sukrasno
and Yeoman, 1993). The convergense of biosyn-
thetic ways of phenolic compounds and capsaicinoids
may lead to the synthesis of one group of compounds
at the cost of the second one. This situation was con-
firmed in the hot pepper cultivars, where the synthesis
of capsaicinoids occurred at the cost of phenolic com-
pounds (Materska and Perucka, 2005).

The aim of the present work was to determine
the relationships between phenolic acid, flavonoid and
capsaicinoid accumulation during fruit maturation in
semi-hot pepper cultivars. Flavonoids were investi-
gated as O- and C- glycosides. In literature there is lit-
tle information about changes in the accumulation of
these compounds in ripe and unripe pepper fruits. For
this reason, the relation between O- and C- glycosides
in green and red maturity stages of pepper fruits was
taken into account.

MATERIALS AND METHODS

The fruits of two semi-hot pepper cultivars: Tor-
nado and Tajfun, were obtained from the experimental
field of the Department of Vegetables of the Univer-
sity of Life Sciences in Lublin (Poland). For analysis,
the pericarp of pepper fruits at the two maturity stages:
mature green (fully developed but not colored) and red
ripe (completely red skin), was taken. Immediately
after harvest, the pericarps were cut, freeze-dried and
stored at —20°C. Dry matter of fresh pericarps was as-
sayed using the dryer method.

The freeze-dried pericarps of pepper were ho-
mogenized with 80% ethanol and after solvent evapo-
ration two fractions of phenylpropanoids were isolated
by solid phase extraction (SPE) on a Sep-Pak C18
(Waters) column. The procedure used for the isola-

tion of phenolic compounds is described in detail in
Materska and Perucka (2005). Both fractions
were evaporated until dryness at 40°C and equilibrated
to 1 cm? and analyzed by HPLC method.

The qualitative and quantitative analysis of par-
ticular components of the fractions was made by high-
performance liquid chromatography (HPLC) on the
WellChrom chromatograph (Knauer) with the UV de-
tector. Separation was done on a column filled with
modified silica gel RP-18 (Vertex Eurosil Bioselect 300
A, @ 5 um, 4x30 mm, endcapped). Particular deriva-
tives of flavonoids and of phenolic acids were quanti-
tatively determined with the use of standards of phe-
nolic compounds isolated from pepper fruit by means
of preparative liquid chromatography and identified
by spectral methods NMR and MS, according to the
method of Stochmal etal. (2001) and Materska
et al. (2003a; 2003b). The quantitative determination of
the capsaicinoid fraction was conducted by the HPLC
method in the isocratic system with 55% CH,CN (Merck),
with the flow rate of 1ml/min and detection at 280 nm.
The capsaicin and dihydrocapsaicin content was deter-
mined on the basis of the standard capsaicin solution
also containing dihydrocapsaicin (Merck).

The statistical analysis compared the results ob-
tained over the three years of the experiments done in
three replications. For each set of data, the standard
deviation was calculated and Tukey’s multiple test was
applied to evaluate the significance of the differences
between the means, assuming a 5% error of probabi-
lity. To define correlations between sets of data, the
correlation coefficient was calculated. The calcula-
tions were done using Statgraphic v 3.0 for Windows
software.

RESULTS

The chemical composition of flavonoids with
phenolic acid fractions was determined by HPLC
method (Fig. 1). The analyzed derivatives of phenolic
acids were as follows: trans-p-feruloyl-B-D-glucopy-
ranoside and frans-p-sinapoyl-B-D-glucopyranoside.
The following belonged to O-glycosylated flavono-
ids: quercetin 3-O-o-L-rhamnopyranoside, lutoeolin
7-0-[2-(B-D-apiofuranosyl)-B-D-glucopyranoside],
and luteolin 7-O -[2- (B-D -apiofuranosyl)-4- (B-D -
glucopyranosyl)- 6-malonyl]-B-D -glucopyranoside.
C-glycosylated flavonoids were represented by lute-
olin 6-C-B-D-glucopyranoside-8-C-a-L-arabinopyra-
noside and apigenin 6-C-B-D-glucopyranoside-8-C-o.-
L-arabinopyranoside.

The Tornado cultivar was characterized by high-
er levels of phenolic derivatives than Tajfun (Tables
1, 2). It was found that luteolin derivatives were the
main flavonoid in pepper fruit of both semi-hot culti-
vars (Table 1). During fruit maturation, considerable
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Fig. 1. HPLC-UV chromatogram of phenolic compounds in flavonoid fraction from green and red fruits of cv. Tornado. Peaks:
1: trans-p-feruloyl-B-D-glucopyranoside,2: frans-p-sinapoyl-B-D-glucopyranoside, 3: quercetin 3-O-0.-L-rhamnopyranoside-
7-0-B-D-glucopyranoside, 4: trans-p-ferulylalcohol-4-0-(6-(2-methyl-3-hydroxypropionyl) glucopyranoside, 5: luteolin
6-C-B-D-glucopyranoside-8-C-a-L-arabinopyranoside, 6: apigenin 6- 3-D-glucopyranoside-8-C-o.-L-arabinopyra-noside,
7: lutoeolin 7-O-[2-(B-D-apiofuranosyl)-B-D-glucopyranoside], 8: quercetin 3-O-o.-L-rhamnopyranoside, 9: luteolin 7-O-
[2-(B-D-apiofuranosyl)-4-(B-D-glucopyranosyl)-6-malonyl]-B-D-glucopyranoside (according to Materska et al. 2005)

Table 1

The content of flavonoid derivatives in semi-hot pepper cultivars at two maturity stages (ug x g"' fw.)

Cultivar Dry Lgteo?m Qu.erce.:tm Aplgeflm

matter derivatives derivatives derivatives
Tornado green 1222 £7.7c* 117.8 £2.0a 423£0.9a 13.3£0.8a
Tornado red 1253+ 16.4¢ 53.7+£2.3c 17.2£0.7c 5.7+1.2b
Tajfun green 79.3+£2.8a 77.8+1.6b 27.1+£3.0b 4.0+0.1c
Tajfun red 112 £ 10.1b 31.7x1.1d 11.3+2.4d 3.0+£0.5d

* The results are means (n=9) * standard deviation. Different letters in the same column indicate significant differences between

means (P<0.05)

Table 2
Phenolic acid derivatives, glycosides of flavonoids and capsaicinoid content in semi-hot pepper cultivars at two maturity stages
(hgxg'fw.)
Cultivar Derivatives O-glycosylated C-glycosylated Capsaicin and Total
of phenolic acids flavonoids flavonoids dihydrocapsaicin of phenolics
Tornado green 19.3 £ 1.9a* 1444 +3.1a 28.9+0.9a 8.8+0.3a 201.4
Tornado red 80.1 £4.4b 59.4£2.4b 17.2£0.8b 6.9 + 0.6a 163.6
Tajfun green 319+ 1.5¢c 90.8 = 3.4c 18.0£0.8b 4.7£0.2b 145.4
Tajfun red 51.7£6.6d 34.7+2.6d 114+ 1.1c 69+0.1a 104.7

* The results are means (n=9) * standard deviation. Different letters in the same column indicate significant differences between

means (P<0.05)
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changes in phenolic content were found. There was
noted a higher level of flavonoid derivatives and total
phenolics at green maturity stage than at red ripe stage,
while the changes of phenolic acid derivatives during
pepper ripening were inverse. The concentration of
these compounds increased four times in red fruits of
cv. Tornado and 60% in cv. Tajfun when compared
to the green fruits (Table 2).

It was also found that the O- and C- glycosyla-
ted flavonoid content was higher in green fruits than in
red ones in the two analyzed pepper cultivars (Table
2). Additionally, it was observed that the decomposi-
tion of O-glycosylated derivatives of flavonoids was
more dynamic than that of C-glycosylated derivatives.
During fruit maturation, O-glycosylated flavonoid
content decreased by about 60% in the two cultivars,
when compared to green fruits. The highest concen-
trations of O-glycosylated flavonoids were noted in
green fruits of cv. Tornado. The content of C-glyco-
sylated flavonoids was lower than of O-glycosylated
flavonoids, and during fruit ripening the levels of these
compounds decreased by about 40% and 37% in cv.
Tornado and Tajfun, respectively (Table 2). The cap-
saicinoid content increased about 47% during matura-
tion of cv. Tajfun. In cv. Tornado a decrease in the
concentration of these compounds was observed du-
ring ripening, but changes were not significant statisti-
cally.

DISCUSSION

Similar changes in the composition of phenolic
compounds in pepper fruit during the maturation pro-
cess were observed by other authors (Sukrasno and
Yeoman; 1993; Howard et al. 2000). Interesting
conclusions may be drawn when our results are com-
pared with those obtained by Marin et al. (2004),
who analyzed hydroxycinnamic acid derivatives and
flavonoid content of sweet pepper at different maturity
stages. They found that during fruit maturation both
phenolic acid derivatives and O- and C- glycosylated
flavonoids decreased. This is in disagreement with
our results. It may be explained by the composition
of these groups of compounds. In their work, Marin
et al. (2004) found a compound called “caffeic acid
derivative*; it was found in green fruits but was not
detected in red ones. Up till now, we have not identi-
fied these compounds in the earlier analyzed fractions
of hot peppers (Materska and Perucka, 2005;
Materska et al. 2003a, 2003b) and, in this study,
we did not show them in the fractions derived from the
semi-hot pepper cultivars. On this basis we conclude
that these compounds occur mainly in sweet cultivars
of pepper and determine the total of hydroxycinnamic
acid derivatives in unripe fruits. The second difference

between phenolic compound content in sweet and semi-
hot pepper cultivars is the fact that in sweet pepper
C-glycosylated flavonoids predominated (M arin et
al. 2004), contrary to the results obtained in the present
work where it was shown that O-glycosylated flavo-
noids occurred in a higher concentration in semi-hot
pepper cultivars (Table 2). Studying the changes in the
accumulation of O- and C- glycosidic flavonoid deri-
vatives during maturation of the fruits, we noted higher
losses of O-glycosides than of C-glycosides (Table 2).
Marin et al. (2008) showed that changes in O-and
C-glycosidic derivatives of flavonoids in sweet pep-
pers were comparable during maturation of the fruits.
It may be explained by the fact that in sweet pepper
cultivars changes in the content of phenolic com-
pounds (hydoxycinnamic acids, O- and C- flavonoid
derivatives) are less diverse than in semi-hot cultivars
which also contain capsaicinoids.

The changes in capsaicinoid content during
pepper fruit maturation were not sufficiently statisti-
cally significant at P< 0.05 in cv. Tornado, but in cv.
Tajfun we noticed an increase in the level of these
compounds (Table 2). The results obtained earlier for
hot peper cultivars and by other authors indicate that
during fruit maturation the content of capsaicinoids
decreased (Sukrasno and Yeoman, 1993; Pe-
rucka, 1996; Contreras-Padilla and Ya-
hia, 1998; Minami et al. 1998; Perucka and
Materska, 2001). The same tendency was noticed
in cv. Tornado (Table 2). The decline in capsaicinoid
concentration was a result of chemical disintegration
due to photooxidation (Iwai et al. 1979) or inhibi-
tion of capsaicinoid synthesis (Hall and Yeoman,
1991). During maturation, the biosynthesis of glyco-
sylated derivatives of phenolic acids increased, possi-
bly instead of capsaicinoids and flavonoids.

Additionally, we observed similar changes in
total phenolics in the present study (a 23% decrease
during maturation), likewise Marin et al. (2008)
(a decrease of approx. 25% during sweet pepper matu-
ration). On this basis we may conclude that the accu-
mulation of phenolic compound derivatives during the
maturation process of pepper fruits changes in diffe-
rent ways — depending on the pungency of the fruit, but
total phenolics decrease at a comparable level in the
fruit of semi-hot and sweet pepper cultivars.

CONCLUSIONS

1. The accumulation of phenylpropanoids in pepper
fruit of semi-hot cultivars related to the stage of
fruit maturity. During maturation, total phenolics
and the level of flavonoid derivatives decreased,
but at the same time the accumulation of phenolic
acid derivatives increased.
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2. In the fruit of semi-hot pepper cultivars, O-gly-
cosides of flavonoids dominated in both maturity
stages.
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Akumulacja fenylopropanoidéw
w zielonych i czerwonych owocach pétostrych
odmian papryki Capsicum annuum L.

Streszczenie

Celem przedstawionej pracy bylo okreslenie r6z-
nic w zawartosci C i O glikozydéw flawonoidowych,
pochodnych kwaséw fenolowych oraz kapsaicynoi-
déw w dwoch poétostrych odmianach papryki Tornado
i Tajfun. Owoce zbierano w dwdéch fazach dojrzatosci:
w dojrzatosci technologicznej (wyksztatcone zielone)

oraz w petni dojrzate (czerwone). Frakcje flawonoidow
i kapsaicynoidéw izolowano metodg ekstrakcji do fazy
stalej na mikrokolumnach Sep-Pak C18 za pomoca
40% 1 70% roztworu metanolu. Sktad chemiczny obu
frakcji okreslano metoda HPLC, wykorzystujac jako
wzorce zwigzki otrzymane we wczesniejszej pracy.
Frakcja flawonoidow zawierata estry glukozowe kwa-
sow fenolowych, gtéwnie ferulowego i synapinowe-
go oraz pochodne flawonoidéw kwercetyny, luteoliny
1 apigeniny. Zwiazki te wystepowaly w polaczeniach
z glukoza, ramnozg i apiozg jako O- i C- glikozydy.
Frakcja kapsaicynoidéw zawierata gléwnie kapsaicy-
ne i dihydrokapsaicyne. Stwierdzono, ze w owocach
zielonych dominujgcymi zwigzkami fenolowymi byty
O- glikozydy flawonoidowe i kapsaicynoidy, podczas
gdy w owocach czerwonych pochodne kwaséw fenolo-
wych. Ponadto stwierdzono szybsza degradacje O-gli-
kozydowych pochodnych flawonoidéw w poréwnaniu
do C-glikozydowych w trakcie dojrzewania owocoéw
potostrych odmian papryki.
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