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ABSTRACT The purpose of this study is to focus on the qualities that some of the local hot peppers varieties have as

compared to a variety created, by analysing the content of the main bioactive compounds.
The study refers to 7 genotypes of hot peppers, 6 of which, originated from different areas of Oltenia (the Southern part of Romania),
are well known and are cultivated by private producers with tradition in the area, and another one, the De Cayenne variety, which has
been used as witness. The cultivars of such genotypes have not been treated against diseases, no pest control treatments have been
applied due to their natural genetic resistance and they have not been chemically fertilised in vegetation.
In the present study the variation of the bioactive compounds has been evaluated in all seven pepper fruit varieties cultivated in
Oltenia. The statistical analysis of the results obtained showed significant differences amongst local populations as well as between

them and the variety created.

The content of ascorbic acid varied compared with the witness sample by 14.3% in case of sample V,, by 24.2% in case of sample V,
and by 38.72% in sample V. The content of carotene recorded variations of the concentration compared with the witness sample by
21.74% in sample V,, by 17.98% in case of sample V, and 23.29 for sample V., The capsaicin contained by samples showed concentra-
tion changes compared with the witness concentration by 18.1% for V,, by19.5% for V,and by 21.6% for V..

INTRODUCTION

Lately, the world has become more and more interested in or-
ganic fruits and vegetables rather than conventional ones. A
high quality standards as well as a better taste are the reasons
why these products have been on high demand (Heaton, 2001).
It is worth mentioning that the way they are produced has a
higher impact on our health in general (Williams, 2002), yet it is
also common knowledge that we are not fully informed on the
impact on health as well as on the need to learn as much as pos-
sible from the research studies made (Brandt si Leifert, 2005).

There is enough proof suggesting that an increase of the con-
tent of antioxidants inside the body can keep it healthy and
can prevent several chronic diseases, such as some types of
cancer, cardiovascular diseases, aging (Thompson, L.U. 1994).
Antioxidants can suppress the forming of free radicals that slow
down the oxidation process of proteins, lipids and DNA (Jacobs,
D.R.and al,, 1995).

Through its content of antioxidant vitamins, carotenoids, phe-
nolic compounds and capsaicinoids hot peppers represent an
important source of natural antioxidants.

Peppers are very important for the human nutrition with an
increasing popularity lately and an ever increasing number of
varieties and hybrids available on the market. Pepper fruits are
important sources of vitamins C and E, provitamin A and carot-
enoids ( Materska si Perucka, 2005).

Carotenoids have been known and used since ancient times
when Capsicum fruits were used as natural food colorants.
More than 30 different pigments have been identified in pep-
per fruits. They include green pigments (chlorophyll a and b),
yellow-orange pigments (lutein, zeaxanthin, B-cryptoxanthin,
violaxanthin, antheraxanthin and f3-carotene) and red pigments
(capsanthin, capsorubin and cryptocapsin) (Sun-Hwa Ha et al.,
2007). In medicine, carotenoids are being used as detoxification
agents for enzyme systems and they represent powerful anti-
oxidants acting in the sense of preventing certain diseases con-
nected to the aging process, such as cataract and cardiovascular
diseases or certain forms of cancer, protecting the cells against
aging, reducing the cardiovascular risk and strengthening the
immunity system (Debjani Dutta et al., 2005).

The ascorbic acid is highly present in pepper fruits, content
which varies depending upon the variety and the maturity stage
of fruits reaching up to 139 - 160 mg/100g of fresh substance
in the fruits at technological maturity and 211 - 300 mg/100g
of fresh substance in the fruits at physiological maturity (Ber-
nardo et al,,2008; Riefschneider, 2000), reaching high levels in
certain Capsicum varieties, i.e. up to 400 mg/100g of fresh sub-
stance in Capsicum frutescens .

Peppers also contain phenols (Balasundram and al.,2006; Ro-
drigues, S. and al., 2008; Aniel, O. and al., 2010), different fla-
vonoids and carotenoids (Materska si Perucka, 2005; Araceli
M.V.G. et al, 2011). Carotenoids are important natural colorants
in vegetables that mostly give the orange and red colour. The
yellow-orange colour in peppers is given by o and 8 carotene,
xanthine, lutein and B crypthoxanthin ( Howard et.al., 2000).

These compounds are antioxidants and can reduce the harmful
reactions inside the human body, therefore the consumption of
pepper can prevent several diseases which have been associ-
ated with the oxidation of free radicals, such as cardiovascular
diseases (Pérez-Galvez et al.,2003), cancer and neurological dis-
eases (Harborne and Williams, 2000; Delgado-Vargas and Pare-
des Lopez, 2003; Shetty, 2004).

Govindarajan and later Bosland (Govindarajan, 1985; Bosland,
1994), have established that there is a big diversity in the cap-
saicin content and composition of Capsicum fruits, even inside
the same variety, also (Navarro et al.,2006; Conforti et al., 2007;
Deepa et al., 2007) have learned that the composition of fruits
changes depending upon the maturity stage of fruits and factors
such as environment, light, humidity, soil and fertilisers present
during the vegetation period are believed to have an impact on
the capsaicin content. According to Titze et al, 2002, its content
is even influenced by the age of the fruit.

Capsaicinoids are food additives largely known and highly ap-
preciated for their sensory features like colour, heat and flavour
in several regions of the world. The consumption of hot pepper
is mainly owed to their hot taste which produces hot flavour and
heat leading to its big sales. Capsaicin is one of the five chemical
compounds forming the class of capsaicinoids (capsaicin, dihy-
drocapsaicin, nordihydrocapsaicin, homodihydrocapsaicin and
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homocapsaicin) and the predominant compound in peppers
(aprox.90%).

Capsaicin has been long studied during the last years and it was
found that it can also have an antibacterial effect on a certain
group of bacteria (Henderson & Slickman, 1999; Dorantes et al,
2000), as well as anti-inflammatory and antioxidant. It has been
successfully used in treating cancer, heart attack, atherosclero-
sis, osteoporosis, psoriasis, etc.

Vitamin C, previously mentioned, also has a strong antioxidant
character and can vary a lot depending upon the genotype and
the period when fruits are harvested (technological maturity or
physiological maturity).

As consequence, this study has been made in order to determine
the content of vitamin C, capsaicin and carotene in certain local
hot pepper genotypes whose cultivars have been fertilised with
compost resulted from the decomposing of vegetal and house-
hold wastes.

MATERIALS AND METHODS

The study was made in Almdj, a town located in the South of
Romania, in an area with transitional temperate continental
climate. The experience was made during 2008-2009 and had
seven variants. Each variant with three repetitions was repre-
sented by a local population (genotype), as follows:

V1( Mt) - De Cayenne; V2 - De Isalnita - Dolj; V3 - De Almgj
- Dolj; V4 - De Corabia - Olt; V5 - Sapte frati highly spread
throughout Oltenia; V6 - SCDL 1 - line resulted through selec-
tion from hybrid population; V7 - SCDL 2 - line resulted through
selection from hybrid population.

De Cayenne has been used as witness as well as it is a homolo-
gated variety implemented for a long time in the cultivar and
well known by field experts.

It should also be mentioned that since autumn, this experimen-
tal lot has been fertilised with 60 t/ha of compost resulted from
the decomposition of vegetal and household wastes.

For statistical interpretation of the data, the ANOVA method has
been used.

The determination of ascorbic acid

A sample of 5-10 g of pepper, previously ground with quartz
sand has been put into a 100ml- balloon by using a solution of
2% hydrochloric acid. It has been stirred and after sedimenting
it has been filtered into a dry glass. A 10-ml aliquot has been
passed into a Berzelius glass, to which 30 ml of distilled water,
5 ml of 1% potassium iodate and 1 ml solution of amidon have
been added. It has been then titrated with potassium iodate
N/250 stirred until becoming bluish (Bita et al., 2009, Dumitru
etal, 2010, Samuella et al., 2004, Roberts et al., 1987).

The calculation of ascorbic acid concentration is made by using
the equation

Vitamin Cmg % = 352.nf / G

Where:

n - ml used for titration;

f - the factor of the potassium iodate N/250;
G - the sample weight in grams.

The data recorded were statistically processed by using the
variant method and by establishing the limit differences (DL).

The determination of total carotenoids

The weighed samples, having been put separately in 95% in ac-
etone (50 ml for each gram), were homogenized with Braun MR
404 Plus for one minute. The homogenate was filtered and was

centrifuged using the Hettich Universal 320/320R centrifuge
at 2500 rpm for ten minutes. The supernatant was separated
and the absorbances were read at 400-700nm on Cary 50 spec-
trophotometer. It was recorded that Chlorophyll a showed the
maximum absorbance at 662 nm, chlorophyll b at 646 nm and
total caroten at 470 nm and the amount of these pigments was
calculated according to the formulas (Lichtentaler et al., 1985,
Dere et al.,, 1998, Wellburn et al., 1994, Grung et al., 1992), see
Table 2.

Ca=11.75 A662 - 2.350 A645

Cb =18.61 A645 - 3.960 A662

Cx+c=1000 A470 - 2.270 Ca - 81.4 Cb/227

Ca = Chlorophyll a, Cb = Chlorophyll b, Cx+c = Total carotene

The determination of capsaicin

Procedure

20g of finely ground chili peppers were placed in the extrac-
tion shell of a Soxhlet extractor and isopropanol was percolated
through the sample until no more green color appeared in the
percolated isopropanol. The extract was cooled and adjusted to
a volume of 200 ml with isopropanol. Sg of charcoal was added
to the colored extract. The slurry was heated to boiling for the
duration of 3 min, filtered and the charcoal residue washed sev-
eral times with isopropanol. The clear extract was then evapo-
rated to dryness in the flash-evaporator.

The oil residue was dissolved in petroleum ether and trans-
ferred to a separatory funnel and washed with distilled water.
After discard discarding the aqueous layer, the ether layer was
evaporated to dryness in the flash-evaporator. The purified oily
residue remaining was dissolved in isopropanol, collected in
a volumetric flask, and total volume brought up to 25 ml with
isopropanol. The absorbance was read at 281 nm against an iso-
propanol blank. Capsaicin standard solutions containing 10, 20,
30, 40 and 50pg/ml capsaicin were prepared in isopropanol and
their absorbance values recorded at 281nm. A standard curve
plotting absorbance against pg capsaicin/ml was prepared and
the quantity of capsaicin in the samples was determined from
this standard curve (Augustio Trejo-Gonzalez and Carlos Wild-
al Tamirano, 1973).

Statistical Calculation

The data recorded were statistically processed by using the
analysis of the variant (ANOVA) and the calculation of the limit
differences (DL).

Results and Discussions

The determinations were made on samples of fruits harvested
at physiological maturity when their colour was red and they
represent average values of the repetitions within the studied
variants.

Green, yellow, red or orange peppers are remarkable for their
capacity of strengthening the immunity system and their fight
against free radicals, they represent one of the most important
sources of vitamin C (red peppers contain three times more
vitamin C than oranges), as well as of B - caroten (important
compound in the fight against cancer), arguments which have
determined several scientists to thoroughly study these miracu-
lous species.

Regarding the content of vitamin C (Table 1) in the local popula-
tions under study one can notice that 6 out of the 7 cultivars had
content higher or equal to that of the De Cayenne variety that
was used as witness in our study. If we make a comparison with
the data existent in the specialty literature (170 mg/100g?) we
observe that our variants (V, and V,) tend to a value double than
the last ones.

The studies made showed that vitamin C varied within quite
large limits depending on the cultivar and the fruit maturity
stage at the moment when determinations were made (Howard
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et al, 2000). In their study made in Turkey, Topuz and Ozdemir
(2007), showed that vitamin C recorded values between 15.2
and 64.9mg in 100 g of C. annuum fresh fruits. Same variety
had vitamin C between 29.1 and 183.2 mg in 100 g depending
on the cultivar as well as on the fruit harvesting stage (Araceli
M.V.G. et al,, 2011). Cruz-Pérez et al.,(2007) showed that vita-
min C varied from 238.35 to 455.4 mg weight of 100g™ fresh
substance of C. pubescens. Gnayfeed et al. (2001) observed that
vitamin C recorded maximum values at the fruit physiological
maturity (when turned red).

Segiind Martinez et al. (2005) observed that vitamin C con-
tained in the Fresno cultivar was 160 mg in 100 g-1in fresh red
fruits and 109 mg in 100 g-1 in green pepper fruits.

De Isalnita cultivar had the same content as De Cayenne (269.28
mg in 100g-1), while Sapte frati, De Almadj, SCDL 1 and SCDL 2
had values exceeding the witness by far, the differences from the
witness variety being positive and statistically covered.

One single cultivar, De Corabia, had a content of vitamin C
(260.48 mg in 100 g -1 ) below De Cayenne, but as one can see
in Table 1, this difference is highly significant and negative.

Based on over 650 scientific experiments made in the US, Italy
as well as Sweden, it was proven that the substance called cap-
saicin contained by hot peppers giving the heat sensation inside
the mouth when eaten, is directly responsible for easing sev-
eral types of pain starting from common headaches to arthritis
pains.

Table 1. The content of vitamin C in hot pepper fruits

Table 2. The content of B-carotene in hot pepper fruits

%?gs/hloog Difference vs.
Variant  |o veonce [% the witness Significance

(sp) (mg/100g sp)
V1-Mt 37.50 100 - -
V2 50.04 133.44 |+12.54 orE
V3 59.24 15797 |+21.74 ok
V4 39.15 104.40 |+ 1.65 orE
V5 42.20 112.53 |+4.70 ok
V6 55.48 14795 |+17.98 .
V7 60.79 162.11 |+23.29 rx

L5%= 0.48; DL1%=0.67; DL0.1%=0.95

The heat or piquancy of pepper fruits is mainly given by the con-
centration of capsaicin which determines the aroma in alimen-
tary products when used as spice in different sorts of cooked
foods. Such compounds are well known for their therapeutic
effects on gastric ulcer and rheumatoid polyarthritis. (Sath-
yanarayana, 2006).

The capsaicin content in local populations under study record-
ed values between

129.1 to 151.4 mg/100 g in fresh substance.(Table 3). The low-
est value was recorded in the De Corabia population (129.1),
which was below the De Cayenne variety. The highest value of
capsaicin was recorded in the “Sapte frati” variant (151.4), the
difference vs. the witness variant being very significant and
positive. The following local populations were found to have
a high content of capsaicin: De Almdj (138.4), SCDL 1 (147.9)

) g}egs/thOg ) Differencevs. | and SCDL 2 (149.3), with differences compared to the witness
Variant | g\ stance | % witness Significance variant statistically covered, being very significant and positive.
(sp) (mg/100g sp)
V1-Mt |269.28 100.0 |- R Table 3. The content of capsaicin in hot pepper fruits
V2 269.28 100.0 |- - mg (1008 Difference vs.
: res 0 ; C e
V3 283.58 105.3 | +14.30 Kook Variant | o v nce | % the witness Significance
(sp) (mg/100g sp)
V4 260.48 96.7 -8.80 000
Vs 272.80 1013 |+3.52 * VI-Mt 1298 100.0 |-
vé 293.48 1089 |+24.20 ok Xz 1222 12222 * gz -
v7 308.00 114.3 |+38.72 ok : . o
DL 5%=1.86; DL 1%=2.61; DL 0.1%=3.68 v 1291 240 101
R oTeRh TS V5 151.4 116.64 |+21.6 .
B-carotene and capsaicin were also determined from fresh V6 147.9 11394 |+18.1 xk
fruits immediately after harvesting in the experimental field. V7 1493 115.02 |+195 *okx

The content of § - carotene (Table 2) recorded the highest val-
ues in De Isalnita variety, SCDL 1, De Almdj variety and SCDL 2
(50.04 to 60.79 mg 100 g sp), which dropped in case of Sapte
frati (42.20 mg 100 g sp) followed by the De Corabia cultivar
with 39.15 mg 100 g sp and then followed by the lowest value in
the De Cayenne, i.e. 37.50 mg 100 g sp.

All variants show differences compared with the witness variety
and are statistically covered being very significant and positive.

According to Howard et al. (2000), the variations of the content
of B-carotene in C. annuum and C. frutescens were determined
by the maturity stage of pepper fruits.

DL5%=4.13; DL1%=5.79; DL0,1%=8.18

Conclusions

Analysing the hot pepper genotypes cultivated in Romania one
could notice that except for the variant V,, showing a drop of
the concentration of ascorbic acid by 8.8% and of capsaicin by
0.1%, all the other variants showed an increase of the concen-
trations of ascorbic acid, carotene and capsaicin as compared to
the witness sample.

The results obtained point out the top qualities that these hot
pepper genotypes cultivated in Oltenia have by comparison
with the De Cayenne variety with high recommendation for
their usage on ever larger areas.
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