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Abstract: Hot Pepper (Capsicum annum L) is a high value
spice and vegetable crops used for commercial and industrial
purpose. Pepper Fruit is an excellent source of nutritional
compounds. It is the main source of capsaicinoids and macro-
element, which varied strongly during fruit growth and
maturation. The aim of the present study was to evaluate the
effect of development stage of the fruit on capsaicinoids
content and mineral composition in four Tunisian hot pepper
varieties. The evolution of capsaicinoids showed significant
variations among pepper varieties during eight stages of fruit
development. Hence, capsaicin, dihydrocapsaicin,
nordihydrocapsaicin and total capsaicinoids, increased
continuously and reached a maximum at 20 days after fruit
setting in Msarreh (1624,77 + 13.40pg.g”’ DW) and Chaabani
(902.52 £23.3 pg.g-1 DW), at 30 days in Rouge Long (1449.
14 +25.62 pug.g’ DW) and at 40 days in Baklouti Kairouan (
339.3 + 3.19ug.g’ DW) and declined. Also, analysis of
macro-element has revealed the influence of the ripening
stage on the mineral content of the pepper fruit. Therefore,
red pepper presents higher N, P, K, Ca and Mg contents than
in green ones for different varieties. Under field conditions,
the development stages of the fruits affect significantly
capsaicinoids content and mineral composition.
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I. INTRODUCTION

Hot pepper is an important agricultural crop in the
world, not only because of its economic importance, but
also due to the nutritional and medicinal value of its fruits
and spices used as food flavorings. Their fruits are
considered a good source of antioxidant and biologically
active compounds, such as carotenoids, flavonoids,
vitamins, capsaicinoids and mineral elements (Lee et al.,
2005). The major property of this genus is pungency,
which is caused by the presence of alkaloid compounds
named capsaicinoids. Capsaicin and dihydrocapsaicin are
the main ingredient responsible for the hot pungent taste of
peppers, are only found in the genus Capsicum (Huang et
al., 2013). Many studies proved the bioactivities of
capsaicin and its analogues which showed many beneficial
effects in food, medical and pharmaceutical applications
(Caterina et al., 1997; 2000; Spicer and Almirall, 2005;
Gurung et al.,, 2011). These include their properties as
chemopreventive and anticarcinogenic compounds (Surh
et lee, 1995), their anti-inflamatory and analgesic
properties (Spiller et al., 2008; Quian et al., 2010), the
gastrointestinal protective effects (Huang et al., 2013) and
antimicrobial properties (Gareaga et al., 2003).

Capsaicinoid content of peppers is one of the major
parameters that determine its commercial and nutritional
values (Al Othman et al., 2011). The two major
capsaicinoids, responsible for up to 90% of pungency, are
capsaicin and dihydrocapsaicin (Govindarajan et al,
1987), with at least nine more minor capsaicinoids
occurring in pepper fruits (Suzuki et al., 1980; Kozukue et
al., 2005). The type and amount of each capsaicinoid
affect both the degree and the characteristics of pungency
(Kozukue et al., 2005; Barbero et al., 2014). The degree of
pungency depends on Capsicum species and cultivars.
indeed, The amount of total capsaicinoids vary greatly but
the proportions of capsaicin and dihydrocapsaicin range
from 77 to 90% in fruits of the species C. annuum and
from 89 to 98% in those from C. frutescens (Govindarajan
etal., 1987).

The capsaicin contents may be affected by different
factors such as the fruit age, size and developmental stage
of fruits (Iwai et al., 1979, Salgado-Garciglia and Ochoa-
Alejo, 1990; Estrada et al., 1997; 2000). Many studies
showed that the capsaicinoids begin to accumulate in the
early stages of fruit development, continuing their
accumulation during ripening until reaching a maximum
values when the fruit is at the full-ripened stage (Hall et
al., 1987, Estrada et al., 1999; Barbero et al., 2014). At
this moment, there is a rapid turnaround in the trend and
later capsaicinoids levels decrease gradually. This
diminution was attributed to degradation of capsaicin and
dihydrocapsaicin by capsicum peroxidases (Bernal et al.,
1993a, 1993b).

There are other factors than the development stage that
affect the pungency of pepper fruit, such as the plant
cultivars (Barceloux, 2009), growing conditions (Sung et
al., 2005) and stress conditions (Estrada et al., 1999).
Many studies reported that capsaicinoids content varied
with the variety, and within the same variety according to
the stage of maturity and different parts of the fruit.
Capsaicinoids content was higher in the placenta than in
other parts, but lowest in seeds as well as in green and red
fruits (Nowkem et al., 2011; Ben Mansour Gueddes et al.,
2012).

It has been reported that the level of capsaicinoid is
influenced by genetics, environmental conditions, and
nutrient accumulation in the placental tissue and is also
regulated by a genotype and an environment interaction
(Zewdie and Bosland, 2000; Garces-Claver et al., 2007,
Rahman and Inden, 2012). The addition of mineral
supplements to the pepper cultivation causes an increase in
the capsaicinoid content (Estrada et al., 1998) and that
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nitrogen supply is essential for their synthesis. Hence,
nitrogen and potassium availability may affect pepper
pungency through its content in the fruit tissues
(Monforte-Gonzalez et al., 2010).

Peppers have a high biological value, a rich content of
minerals. Their fruits are an important source of minerals
for humans. Their concentrations levels were greatly
influenced by pepper varieties (Ekholm et al., 2007),
ripening of fruits Buczkowska, 2007; Jadczak et al., 2010),
plant nutrition (Materska and Perucka, 2005), and weather
conditions during the growing (Buczkowska and
Michatojé¢, 2012). Many studies showed that the ripening
state of the samples exercises a strong influence on the
mineral content of the pepper (Rubio et al., 2002). The
phosphorus content in fruits harvested from the
greenhouse was slightly higher than that from the field
(Buczkowska and Michatoj¢, 2012).

Pepper Fruits was an extremely important crop in
Tunisian State, but a few studies were interested on its
capsaicinoids and minerals contents, and their interaction
particularly how it may be influence fruit development and
quality. In response, the present study aim was to analyze
the effect of eight-development stage on capsaicinoid
levels and minerals contents in pepper under field
conditions.

11. MATERIAL AND METHODS

Pepper crops

The cultivation of four varieties of hot pepper was
carried out in an open field (Figure 1). The seeds of these
varieties were planted in the seedbeds in February and
thirty plants samples/variety were transplanted in April,
2007 at a density of 3 plants.m. During the culture, the
plants were watered by a drip system; fertilization was
carried out depending on the stage of plant development at
each time according to Chaux and Foury (1994). The
experiment was a completely randomized design with
three replications of each treatment/plot. Only a single
season was assessed.

Fig. 1. Pepper samples used in this study: (a) Msarreh; (b)
Rouge Long; (c) Chaabani; (d) Baklouti Kairouan.
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Plant material and sampling of fruits

The evolution of total and individual contents of three
major capsaicinoids and five macro-element present in
four hot peppers was studied. Peppers were marked at the
begin of fruit set and so the age of each pepper at the time
of collection was known. In June, the new flowers of
plants of each pepper were marked with a temporal
spacing of ten days. Simultaneously, fifteen mature fruits
(collected for each variety) were harvested at eight stages
of fruit development (10 to 80 days after fruit setting).
Capsaicinoid analysis
Extraction procedure

Samples for different ages, obtained from all varieties
studied, were oven-dried at 60 °C until constant weight
(2 to 3 days) and then ground by a mini- grinder for
capsaicinoid analysis. Capsaicinoids were extracted and
quantified according to the method of Collins et al. (1995).
Two grams of dried pepper samples were extracted in
20 mL of acetonitrile and incubated in a water bath during
4 h at 80 °C. After cooling and centrifugation, the
supernatant of each extract was filtered through a 0.45 pm
nylon filter prior to High Performance Liquid
Chromatography (HPLC) analysis.

Capsaicin and dihydrocapsaicin were analyzed using a
HPLC analytical system (Waters, Milford, MA, USA).
Elution was performed at 35°C with a flow rate of 1 mL
min~' with the following gradient of eluant A (10%
methanol) and eluant B (100% methanol): from 0 to 10
min, 43% A and 57% B; from 10 to 20 min, 32% A and
68% B, and from 20 to 30 min, 43% A and 57% B, for a
total of 30 min. The capsaicinoids were separated on a
Nova-Pak C18, 4um column (Waters, USA) and detected
on a Scanning Fluorescence detector (Model 474 from
Waters, USA). Excitation wavelength was set at 280 nm
and emission wavelength at 338 nm. Retention times and
quantities of capsaicin and dihydrocapsaicin were estimated
by reference to standards (Sigma-Aldrich Co., St. Louis,
MO).

Quantification of individual compounds

Standards of capsaicin and dihydrocapsaicin were
obtained from Sigma Chemical Co. (St Louis, MO) and
were used for verification of retention-time and instrument
calibration. Quantifications were based on average peak
areas of 10 pL injections obtained from external standard
solutions of capsaicinoids prepared in methanol. The
chromatogram shown in Figure 2 corresponds to a
standard and extracted solution, respectively; they reveal
that nordihydrocapsaicin (NDHC), capsaicin (C),
dihydrocapsaicin (DHC) and are eluted at 16.32; 16.94
and 20.08 min, respectively.

Capsaicinoids analysis by High performance liquid
chromatography (HPLC) currently allows a precise
determination of the nature and quantity of these alkaloids
compounds (Gonzdlez-Zamora et al., 2013). Extraction
and quantization steps were carried-out in triplicate for
each sample. The standard solutions used for the
calibration curve were regularly injected at intervals
between sample injections to confirm the retention times.
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Fig. 2. Chromatogram of the standard solution corresponding and chemical structures of capsaicinoids
nordihydrocapsaicin (NDHC), capsaicin (C) and dihydrocapsaicin (DHC). Fluorescence detection: excitation 280 nm,
emission 310 nm.

The concentration of nordihydrocapsaicin was expressed
as pg.g' dry weight (DW) equivalent capsaicin. The
quantity of capsaicin and dihydrocapsaicin at each stage is
expressed in pg.g' dry weight. These concentrations
should allow used to calculate the Scoville Heat Units
(SHU), to determine the pungency level of each type of
pepper analyzed. All analyses were carried out in
triplicate.

Scoville Heat Unit Conversions

According to the commonly accepted Scoville
organoleptic test, the spicy strength of the investigated
samples was designed by converting the capsaicin content
expressed in grams of capsaicin per gram of dried pepper.
For the general taste of hot pepper, the correlation between
Scoville heat unit (SHU) and the two capsaicinoids
obtained was calculated as shown in Table 2 by using the
relationship between this content (ug.g”' DW) and its SHU
rating of approximately 15 SHU equivalent to 1 pg.g”" of
capsaicinoids (Mathur et al., 2000).

Mineral analysis

Samples of 100 mg of dried and ground pepper fruits
were extracted and mineralized using a mixture of sulfuric
and selenious acids, as described by Isaac and Johnson
(1976). The N and P was quantified by spectrophotometric
method with an automated continuous-flow injection
analyzer using the method 13-107-06-2-D (Model
QuikChem 8000, Lachat Instruments, Loveland,CO). The
K, Ca and Mg was determinate by a Perkin-Elmer atomic
absorption spectrophotometer, model 3100, equipped with
hollow-cathode lamps was used.

For all the determinations, analytical quality controls
were made by using reference certified reference materials
(MDR or SRM). The mean Concentrations of
macronutrients of hot pepper fruit are given in Table 1,
which also includes recommendation norm of nutrient
contents in tissue of pepper fruits.

Table 1. Certified concentration values of SRM1515a of
NIST and concentration values obtained in this work

Elément Certified value (mean £ SD) Obtained value (mean+SD)  Units
Azote 244120 2142030 mgg' DM
Potassium 1.61£0.02 2374031 mg.g'
Phosphorus 0.31£0.03 0.39+0.07 mg.g’
Calcium 1.5240.015 0.20£0.08 mg.g'
Magnesium 0.27+0.008 0.15+0.02 mg.g'

a SRM (Standard Reference Material) No. 1515 (Apple
Leaves) of the National Institute of Standards and
Technology (NIST). SD: standard deviation.

Statistical analysis

The results were subjected to quantitative analysis by
the SAS software (version 6) the values presented in the
figures represent the mean + standard error.

II1. RESULTS AND DISCUSSION

Evolution of the total capsaicinoid content in hot
pepper

The plants of pepper of each variety began to producing
fruits in the second week of June. The monitoring
approved during maturation started ten days after the
beginning of the first peppers and continued until states of
above ripeness. From 70 days of fruits development,
peppers showed beginning of dehydration and intense red
coloration.

The present study showed a statistically significant
effect of fruit development stage on capsaicinoids content
(Figure 3). The total capsaicinoids are detected at the
earliest stage of fruit development, increased progressively
and reaches a maximum at twenty days after fruit set
(DAFS) in Msarreh and Chaabani (1624.77 and 902.52
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pg.g' dry weight respectively) at thirty days in Rouge
Long (1449.14 ug.g' DW) and at forty days in Baklouti
Kairouan (339.44 ug.g”' DW) and declined progressively.
At 50 DAFS there was a significant reduction of total
capsaicinoids 83% decrease in Msarreh, 98% decrease in
Baklouti Kairouan and Chaabani, and 55% decrease in
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Rouge Long relative to the optimum content. This
decrease in the level of total capsaicinoid was reported to
the correlation between the pattern of accumulation of
capsaicin and the activity of the different peroxidase
isoenzyme (Estrada et al., 2000) who is involved in the
degradation of capsaicinoids in peppers.
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Fig. 3. Evolution of total capsaicinoids content during development and maturation of four hot pepper fruit. Vertical
bars indicate standard deviation of the means. RL: Rouge Long, PM: Msarreh, PCH: Chaabani, PBK: Baklouti Kairouan.

After 50 day of fruit ripening, the results showed a little
increase of total capsaicinoid. More capsaicinoids were
determined in green fruits compared to fruits turning
colour and red physiologically mature fruits. At 80 DAFS,
capsaicinoids content was lower ~4.5 times in Msarreh,
~2.3 times in Chaabani than the maximum at 20 DAFS,
thus, in Rouge Long total capsaicinoids was lower ~2
times than the maximum at 30 DAFS. In other hand, total
capsaicinoids in Baklouti Kairouan was lower ~37 times
than the maximum at 40 days after fruit setting. The level
of total capsaicinoids in these cultivars Msarreh and
Rouge Long was higher than that in other fruit varieties
but accumulation patterns were similar (Estrada et al.,
2000; Diaz et al., 2004). This result is in agreement with
Robi and Sreelathaumary (2004) who reported that the red
fruit stage have contained lower capsaicinoids content than
the green fruits and higher than color changing stage.
Changes in capsaicinoids content at different maturation
level

On considering the evolution of values of the three
major capsaicinoids present in four hot pepper varieties, it
can be seen that capsaicin, dihydrocapsaicin and
nordihydrocapsaicin present a similar pattern of behavior.

Capsaicin and dihydrocapsaicin are the two major
capsaicinoids present in four varieties other than
nordihydrocapsaicin is the minor. Depending on the
ripeness of the pepper fruits, these two capsaicinoids
alternate as the major capsaicinoid (Fig. 4).

We have found differences in the levels of the
predominant compounds of capsaicinoids. These
differences were related with successive stages of fruit
development. Thus in Msarreh, capsaicin is the major
capsaicinoid in the first 10 days of development of the
pepper. From 20 day of fruit ripening until day 50, the
major capsaicinoids becomes dihydrocapsaicin. From this

time on, capsaicin is once again the major capsaicinoid. In
mature green or red peppers, for different varieties,
capsaicinoid analysis showed that capsaicin was found to
be higher than dihydrocapsaicin (Menichini et al., 2009).
Although, in Chaabani at ten days after fruit set,
dihydrocapsaicin is the major capsaicinoid. On day 20 of
fruit ripening until day 50, capsaicin is the major
compound. Starting 60 day the major capsaicinoid became
dihydrocapsaicin.

The results of the present study confirm that the
proportion  of  capsaicin, dihydrocapsaicin  and
nordihydrocapsaicin varied with variety and stage of
maturity of the fruit.

During fruit ripening, capsaicin is present at levels
between 44 % and 49 % in Msarreh, 26 % and 32 % in
Rouge Long, between 44% and 48% in Chaabani, between
46 % and 63% in Baklouti Kairouan of total capsaicinoids
(Fig. 5). Similarly, the amount of dihydrocapsaicin present
between 40% and 47% in Msarreh, 49% and 54 % in
Rouge Long, 36% and 47% in Chaabani, 29% and 44% in
Baklouti Kairouan of total capsaicinoids. These two major
capsaicinoids contribute between 88% and 92% in
Msarreh and Chaabani, 78% and 85 % in Rouge Long,
80% and 95% in Baklouti Kairouan of total capsaicinoids
during the development stage of pepper fruit. In addition,
the level of nordihydrocapsaicin, depending on the fruit
maturity stage, this is present at between 4% and 18% of
total capsaicinoids for all varieties.

It can be observed (Fig. 5) that the decrease in the
percentage of capsaicin that occurs between days 30 and
70 of ripening corresponds with an increase in the
percentage of dihydrocapsaicin and nordihydrocapsaicin
present in the Rouge Long. From day 70, the percentage of
capsaicin begins to increase again. This leads to a decrease
in the percentage of dihydrocapsaicin.
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However, between days 20 and 50 of ripening, the
decrease in the percentage of capsaicin present in Msarreh
corresponds with an increase in the percentage of the rest
of the capsaicinoids. From day 50, the percentage of
capsaicin begins to increase again. This is related with a
decrease of dihydrocapsaicin and nordihydrocapsaicin. At
over ripeness, 70 days of ripening, there is another
decrease in the percentage of capsaicin, which is primarily
attributable to an increase in the percentage of
dihydrocapsaicin and nordihydrocapsaicin. The same
results were found by Barbero et al. (2014) in cayenne
pepper during ripening. In Chaabani, between days 20 and
40 of ripening, it can be seen a low increase in the
percentage of capsaicin. This is associated with a low
decrease of dihydrocapsaicin and nordihydrocapsaicin. At
50 days of ripening, a notable decrease of
dihydrocapsaicin is attributable to an increase of
nordihydrocapsaicin.

In Baklouti Kairouan, between 20 and 50 of ripening, it
can be observed a decrease of capsaicin and
dihydrocapsaicin. From day 50, the percentage of
dihydrocapsaicin begins to increase again. Finally, in the
state of over-ripening, starting at day 70 of ripening, there
is another increase in the percentage of capsaicin and
nordihydrocapsaicin, which is primarily attributable to a
decrease in the percentage of dihydrocapsaicin.

The results of other studies showed different
quantitative relations between particular capsaicinoids
identified in hot pepper and they are evidence that the
accumulation of capsaicinoids and their individual
fractions is mainly determined by the genotype of a
cultivar [Zewide and Bosland, 2000; Gibbs and O’Garro,
2004; Wang and Bosland, 2006; Wesotowska et al. 2011).
Sung et al. (2005) proved that the rate of capsaicin,
dihydrocapsaicin and nordihydrocapsaicin accumulation in
a variety of pepper from different origins, differed among
cultivars. The research of Contreras-Padilla and Yahia
(1998). describes the evolution of capsaicinoids in the
three varieties of hot Chilli peppers Habanero (Capsicum
chinense Jacq.), De arbol (C. annuum) and Piquin (C.
annuum) during the development, maturation and
senescence of fruits. Capsaicin and dihydrocapsaicin were
more abundant in the fruits of Habanero followed by De
arbol and than by Piquin. Capsaicin was higher than
dihydrocapsaicin in all three varieties for eight-
development stage. Capsaicin, dihydrocapsaicin and
capsaicinoids increased continuously and reached a peak
at 45-50 days from fruit set in Habanero and De arbol and
at 40 days in Piquin and than declined. The research
showed that the peroxidase activity increased at the time
when the concentration of capsaicinoids started to
decrease. There was an inverse relationship between the
evolution of capsaicin, dihydrocapsaicin and peroxidase
activity that might indicate that this enzyme is involved in
capsaicin&ds degradation. Biles et al. (1997) and Bernal
et al. (1993 a; b) reported that Pepper peroxidases have
been implicated in the oxidation of capsaicin and
dihydrocapsaicin, therefore influencing pungency. Estrada
et al. (2000) suggested that capsaicin is a good substrate
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for this isoenzyme. Because the lignin level does not
increase in pepper fruit throughout maturation this would
suggest that, although the percentage of acidic peroxidases
increases over the course of growth, the increment of these
isoenzymes would not be related to lignifications
processes as has been suggested by other researchers
(Abeles and Biles, 1991).
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Table 2. The maximum of capsaicinoids content, ratio of Cap: DHC and their Scoville Heat Unit (SHU) of four
varieties of hot pepper.

Varieties Rouge Long

Msarreh Chaabani Baklouti Kairouan

Capsaicin (ug.g”' DW) 529.26+11.70

Dihydrocapsaicin (ug.g' DW) 712.79+8.97
Nordihydrocapsaicin (ug.g' DW) 207.10+£5.47

Total capsaicinoids (ug.g”' DW) 1449.14+25.62

Total capsaicinoids (SHU) 21 800
Stage of development (DAFS) 30
Ratio of Cap:DHC 0.67

735.07£11.25 416.97+11.33 209.60+2.3
758.88+5.24 408.9549.19 112.94+4.4
130.82+2.81 76.61£3.95 16.78+0.8
1624.77+13.40 902.52423.31 339.30+3.2
24 400 13 550 5090

20 20 40

0.97 1.02 1.85

In spite of large variations in capsaicinoids content
within and between Capsicum spp. and due to cultivation
conditions, the ratio of principal components, capsaicin
and dihydrocapsaicin are about 1:1 for C. annuum and 2:1
for C. frutescens (Ravishankar et al., 2003).

The ratio of capsaicin to dihydrocapsaicin has been
considered a characteristic of the species and is different
among the cultivars (Ishikawa, 2003). The Table 2
indicates that the ratio of capsaicin to dihydrocapsaicin for
four cultivars was 0.67 for Rouge Long, 0.97 for Msarreh,
1.02 for Chaabani and 1.85 for Baklouti Kairouan. These
results are in agreement with those of Govindarajan et al.
(1987) which state that, in the case of Capsicum annuum
L., the ratio varies in a range from 0.64 to 1.94.
Macronutrient accumulation during fruit ripening

Analyses of variance showed a significant effect of the
ripening stage on the level of five macroelements

concentration. for all pepper varieties, the N and K were
the most abundant of the analyzed elements in all samples,
followed by P, Ca, Mg. The general order of the
macroelements content is K > N> P >Ca>Mg (Fig. 6). The
N, K, P and Ca present higher levels in red pepper than in
green pepper. The biggest difference has been found for
the N and K levels. During each development stage,
Potassium was the mainly rich mineral in pepper fruit
(Fig. 6).

The levels of P, Ca and Mg found for the different
ripening states can be considered as similar. Magnesium
content in pepper fruits was similar to that of calcium. The
first three most abundant mineral elements (K, N and P)
were consistently highest in Baklouti Kairouan. The K
values ranged from 180.20 (Rouge long) - 305.50
mg/100g (Chaabani) for all stages of fruits development.
These results was in agreement with those of Rubio et al.
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(Rohman et al., 2010). The result showed that the pepper 330
is a good source of potassium. L M0

All the pepper varieties recorded higher content of P in % 250 L
red mature fruit than the green ones. Phosphorus is most g 200
abundant in Baklouti Kairouan than the other varieties. R
The dietary reference intake (DRI) for phosphorous is 700 3 -
mg (Biziuk and Kuczynska, 2007). Calcium and E -
phosphorous are essential in the formation and e M—_?_ : . i
development of bone. Food is considered ‘good’ if the boe " ' ;0 ' si ‘ » ‘ i ' & ' i ‘ i
Ca:P ratio is above 1 and ‘poor’ if the ratio is less than 0.5 Ageofthe fruits  Baklouti Kairouan

(Aremu et al., 2011). Therefore, the Ca/P ratio in this
study is considered poor for Baklouti Kairouan (0.45).
While the Ca/P ratios for other pepper varieties can be
considered fair as they recorded values less than 1 but
greater than 0.5.

Fig. 6. Percentage of the mineral content of
macroelements according to the ripening stage of pepper
samples

IV. CONCLUSION

=—N% —W=P% K% =¢=Ca% ——Mgh . . e .
350 - Based on the data in this study, significant differences

were found in capsaicinoids and macro-element contents
among hot pepper varieties and development stages.
Results revealed that mature green stage (20 to 40 days
after fruit setting) was ideal to acquire maximum
pungency, while peppers at red ripe stage were best
sources of macronutrient. Green pepper fruits contained

1.50 -

Total nutriment (%)
o
o
o

100 higher levels of total capsaicinoids in all varieties tested.
050 - The pepper varieties can also be utilized as good
0.00 , sources of capsaicinoids and valuable minerals. At the
10 20 30 40 50 60 70 80 same time, consumers should be educated about the
Age of the fruits Rouge Long benefits of including fresh and dried hot pepper fruit in
their daily diet for the potential health advantages.
——N% —B-P% —i—K% ——Ca% ——Mgh
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