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Abstract

The aim of the current research was to investigate and compare the total phenolic content and antioxidant capacity of sweet pepper
cultivars at different development and maturation stages, in order to optimize the beneficial effects. For that purpose, three important
sweet pepper cultivars, namely Dolmy-F1, Yahoo-F1 and Florinis-NS-700, were cultivated in a greenhouse. Their total phenolic content,
ascorbic acid content and antioxidant properties were assessed at different development and maturation stages. In the aforementioned
cultivars, the total phenolic content ranged from 345.2 to 602.1, 404.9 to 794.5, and 795.7 to 2220.3 pg GAE g FW respectively.
The ascorbic acid content ranged from 236 to 957, 258 to 1157, and 410 to 1550 pg AA g' FW respectively. The highest antioxidant
activity was noted at the red maturity stage. Particularly the cultivar Florinis NS 700 was found to possess higher total phenolic, flavonoid
phenol, non-flavonoid phenol, ascorbic acid contents, and greater antioxidant capacity, compared to the other cultivars. The results of

our study recommend the consumption of the sweet peppers at red maturity stage, for achieving the maximum health-beneficial effects.
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1 Introduction

Pepper (Capsicum annuum L.) is used as food and as spice
due to its dietary and nutritional value. Pepper fruits are
a natural reservoir of phenolic compounds (derivatives
of cinnamic acid and flavonoid compounds), of vitamins
(C and E), of provitamin A, and of the carotenoid com-
pounds, which exercise strong antioxidant properties [ 1-4].

The free radicals are powerful oxidizers, which are
formed during the normal metabolism of the aerobic
cells, while damaging the basic biological molecules, ulti-
mately causing the occurrence of many diseases in the
human organism [5-7]. The oxidative destruction of the
biomolecules can be protected, both with endogenous and
dietary antioxidants [8—11].

Phenolic compounds are synthesized by plants during
their adaptation to various biotic and abiotic stresses.
Some of these compounds (secondary metabolites) con-
tribute to shaping of the taste and color of fruits and

plants, while others protect the plants from the herbi-
vores and the pathogenic microbes [12—-14]. Phenolic com-
pounds are powerful antioxidants, which can protect
the human organism from free radicals [15, 16]. It has been
documented that antiradical activity is related to substi-
tution of hydroxyl groups in the aromatic rings of phe-
nols [17, 18]. Phenolic compounds cannot be produced
by the human organism and are taken in mainly through
the diet. Epidemiological investigations demonstrate that
the intake of polyphenols with food reduces the risk of car-
diovascular disease, cancer and other diseases [19, 20].
The phenolic content and the antioxidant properties
of pepper fruits are influenced by the cultivation sys-
tems, development and maturing stage, fertilization, irri-
gation and cultivar [21, 22]. Plant growth and yield can
be adversely affected by an increased salinity of irriga-
tion water Electrical Conductivity (EC) >3 dS m™ [23].
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Some authors reported that the detrimental impact of salin-
ity mainly affects fruits rather than leaves and stems [24].
According to Navarro et al. [25], salt (15 mM NaCl added
to the base nutrient solution) decreased the ascorbic acid
content of pepper fruits during the green maturation stage.

Some authors studied the effect of the type of fertil-
ization (mineral and combined with compost) in the yel-
low Cazzone pepper (Capsicum annuum L.) at two stages
of maturity on the phenolic content. In particular, it was
reported that the increase of the degree of maturation
showed higher phenolic content in the yellow pepper fer-
tilized with the combined treatment compared to mineral
fertilization [26, 27].

Although there are studies on the polyphenols content,
the vitamin C (ascorbic acid) content and antioxidant
properties generally of pepper cultivars, there are very
limited reports particularly for the sweet pepper cultivars
grown in Greece. Therefore, the investigation of these
vegetable is required due to their significant functional
and nutritional value.

The objective of the present study is to investigate and
compare the polyphenols content, the vitamin C content,
and the antioxidant capacity of sweet pepper cultivars
grown in Greece, at different development and maturation
stages for optimizing their beneficial effects for human
health. In this regard, three hybrids of sweet pepper that
are cultivated in Greece, and which are very important
for domestic consumption, were chosen for this study.

2 Materials and methods
2.1 Experimental
Pepper plants (Capsicum annuum) were obtained from a
commercial nursery of Larissa, Greece and cultivated in the
greenhouse of the University of Thessaly, Larissa, Greece,
from 20 February 2017 to 30 July 2017 in an area of 100 m?
(33 m? for each cultivar with 80 plants). Three hybrids of
sweet pepper were cultivated, the distance between adja-
cent plants in the rows was 0.5 m and between rows was
0.8 m. Each treatment included 20 plants and 4 replica-
tions. The basic characteristics for each cultivar are pre-
sented in Table 1. During the experiment, 30 kg of fungi-
cide BORD 20 WP, 200 kg nitrogen, 50 kg phosphorus,
200 kg potassium and 50 kg calcium per hectare, were
added. Also, 5000 m?® irrigation water per hectare were
applied. The EC of the water was equal to 0.51 dS m™.
Harvest was carried out at three development stages and
at three maturation stages of the fruits (Table 2). For each
treatment four pepper fruits with uniform size, shape and
color were harvested for analysis.

Table 1 Basic characteristics of the pepper fruits

Hybrid . Flesh Color of
.. Origin Taste Shape . commercial
varieties thickness .-
acceptability
Dolmy F1 ~ Holland  Sweet Bell Thick Light green
flesh
Yahoo F1 Italy Sweet  Oblong Thick Light green
flesh
Florinis Thick
NS 700 Greece  Sweet  Oblong flesh Deep-red

Table 2 Development and maturation stages of the pepper fruits
during the growing period

Hybrids

Stages Days after Florinis NS
flowering Dolmy F1 Yahoo F1
700
Development Fruit size
S1 10 Small Small Small
S2 30 Medium Medium Medium
S3 40 Large Large Large
Maturation Color
S4 50 Dark green Dark green Dark green
S5 60 Light green Light green Grg::wv:]ith
S6 80 Red Brown with Deep-red
red
2.2 Analytical methods

2.2.1 Soil analysis

Soil sampling was performed at 020 cm depth before
transplanting and at the end of the growing period for each
experimental site of each cultivar. Each sampling was rep-
licated four times within each experimental site. Soil was
analyzed using the following methods that were referred
by Page [28]. Organic matter was analyzed by chemi-
cal oxidation with 1 mol L™" K,Cr,O, and titration of the
remaining reagent with 0.5 mol L™ FeSO,. The pH and
Electrical Conductivity were measured in the extract
(1 part soil: 5 parts H,0). Inorganic nitrogen was extracted
with 0.5 mol L™ CaCl, and estimated by distillation in the
presence of MgO and Devarda's alloy, respectively. Available
P forms (Olsen P) were extracted with 0.5 mol L™' NaHCO,
and measured by spectroscopy. Exchangeable form of potas-
sium was extracted with 1 mol L™ CH,COONH, and mea-
sured by flame photometer (Essex, UK). Available forms of
Mn, Zn, and Cu were extracted with DTPA (diethylene tri-
amine pentaacetic acid 0.005 mol L™ + CaCl, 0.01 mol L™ +
triethanolamine 0.1 mol L") and measured by atomic
absorption. The samples were analyzed by atomic absorp-
tion (Spectroscopy Varian Spectra AA 10 plus, Victoria,
Australia) using flame and air-acetylene mixture [29].



The bulk density was calculated using a hydraulic undis-
turbed soil core sampler of 45 mm diameter. The sample
was weighted and dried in an oven at 100 °C for 24 hours.
The results were expressed in dry soil g cm™ of the total
undisturbed soil volume.

The nutrient concentrations of the soil were trans-
formed to nutrient contents based on Eq. (1):

Nutrient content (kg ha")

= Nutrient concentration(kg 107 kg’l) M
x1300(kg m™)x104(m> ha™)x0.2(m),

where 1300 kg m™ is the soil bulk density value.
Soil Exchangeable Sodium Percent (ESP) was deter-
mined according to Eq. (2):

ESP = (Na +/CEC)x100, ®)

where:
» ESP = Exchangeable Sodium Percentage (%)
* Na" = Measured exchangeable Na (cmol kg™)
» CEC = Cation Exchange Capacity (cmol kg™)

2.2.2 Element analysis of pepper leaves

Four randomly chosen plants were included for each
experimental site of each cultivar. From each plant,
five newer fully developed leaves were collected
at the 82" day from the start of the growing period.
Namely, each treatment included collection of 20 leaves.
The experiment included four replications. Dried samples
of leaves were ground in a rotor mill to < 300 pm prior
the analysis. Total nitrogen content in leaves was mea-
sured using the Kjeldhal method described by Jones [30],
while the total phosphorus and potassium contents were
determined by dry combustion according to the methods
described by Jones and Case [31].

2.2.3 Preparation of pepper extracts

10 g of the pepper samples was extracted two times by 20 mL
of 80 % aqueous ethanol. Specifically, samples were incu-
bated for 24 h in the extractant at stirring. The superna-
tant material was gathered in a 50 mL volumetric flask.
The pellet was re-treated with aqueous ethanol for 2 hours
at stirring at room temperature. The extract was gathered
after centrifugation/filtration in the same volumetric flask
and the volume was made up to 50 mL with aqueous etha-
nol and used for further chemical analysis [32].

2.2.4 Pepper fruit analysis
Total phenolic (TP) content was determined with the
Folin-Ciocalteu (F-C) reagent [33] according to the method
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by Singleton and Rossi [34] using the microvariant pro-
posed by Baderschneider et al. [35] and the results were
expressed as Gallic Acid Equivalent (GAE) in ug g' FW.
Nonflavonoid phenol (NFP) content was determined
with the F-C reagent after removing the flavonoid phe-
nol (FP) with formaldehyde according to the method
by [36] and was expressed as GAE in pg g' FW. FP were
determined as a difference between the content of TP and
NFP. Their amount was evaluated as GAE in ug g! FW.

Ascorbic acid (AA) was determined according to
2.6 dichlorophenolindophenol dye method as described
by Deepa et al. [37] with some modifications. Fresh sam-
ples (10 g) were homogenized for 5 min with 10 mL of
3 % metaphosphoric acid (w/v) using mortar and pestle.
The homogenized mixtures were centrifuged at 4,000 X' g
for 5 min at room temperature. After filtration, the volume
of extract was made up to 100 mL with 3 % metaphos-
phoric acid (w/v). 10 mL of extract were titrated against
standard 2,6-dichlorophenolindophenol dye, which was
already been standardized against standard ascorbic acid.
Results were expressed as ug g' FW.

The antiradical activity of the ethanol extracts was deter-
mined according to the method by Brand-Williams et al. [38]
using the stable free radical 2,2'-diphenyl-1-picrylhydrazyl
(DPPH) and was expressed as Trolox (synthetic vitamin E)
equivalent in pmol 100 g' FW.

The inhibition coefficient (IC, ), represents 50 % reduc-
tion in the color intensity of the radical DPPH by the total
phenols (pg mL™) in the studied extracts and was deter-
mined by plotting the dependence of the TP content on the
bleaching of DPPH solutions. The IC,, corresponds in the
higher antioxidant capacity.

The percentage of inhibition was calculated by the fol-
lowing Eq. (3):

E, —F
% inhibition DPPH = % x 100, 3)
0
where £, is the extinction of the radical solution before the
reaction, and E_— after polyphenol addition [39].

2.2.5 Statistical analysis

Data were analyzed using the MINITAB [40] statistical
package. The experiment had four replications. Analysis of
variance was used to assess treatment effects. Mean sep-
aration was made using Tukey's test when significant
differences (P = 0.05) between treatments were found.
Correlation and regression analyses between TP, NFP, FP,
AA contents and DPPH was conducted using the same sta-
tistical package and quantified in terms of the correlation
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factor, R%. All presented numeric values are means of four
measurements =+ standard deviation (SD).

3 Results and discussion
The soil of experiment before the start of crop at depth
0—20 cm was characterized as sandy loam (SL) (Table 3).
The pH at (1:5) soil/water extract was 7.70, while the EC
measured in the same extract was 0.52 dS m™, organic
matter and CaCO, soil content was 2.31 % and 4.20 %,
respectively. Moreover, the exchangeable Na content and
the CEC of soil were 276.7 mg kg™ and 23.9 cmol kg™
respectively. The ESP was 5.0 % and there is no risk sodic
soil. Also, the available forms of N, K and P at the end
of the growing season decreased compared to the start of
the growing season (Table 4). The decrease observed was
higher in the available form of K and lower in the avail-
able form of P. The reduction in the amount of the avail-
able forms of micronutrients and macronutrients elements,
after the end of the growing season, was possibly due to
uptake by the plant and rinsing on lower layers of soil.

Also, the analysis of plant tissues, in the newer fully
developed leaves at the 82" day from the start of the
growing period, showed satisfactory macronutrient levels
in the leaves (Table 5).

Inorganic N, P,O,, and K,O concentrations of the soil
at the start and at the end of the growing period were trans-
formed to nutrient contents, and are presented in Table 6.

Table 3 Soil chemical properties at the start and at the end of the
growing period

Start of growing End of growing

Property period period
Soil depth (0-20) cm

Texture Sandy Loam (SL)  Sandy Loam (SL)
*pH 7.70+0.43 7.42+0.40
**EC (dSm™) 0.52+0.04 0.36+0.03
CaCo, (%) 4.204+0.27 3.90+0.23
Organic matter (%) 2.31+0.16 1.84+0.11
N-total (g kg™) 1.12+0.09 0.98+0.08
Na-exchangeable (mg kg™') 276.7+19.45 164.2+13.14
***CEC (cmol kg™) 23.93+1.33 19.10+1.47
Cu-DTPA (mg kg™) 2.52+0.21 1.98+0.15
Zn-DTPA (mg kg™) 3.88+0.22 2.15+0.18
Mn-DTPA (mg kg™) 13.00+1.11 10.20+0.98
Fe-DTPA (mgkg™) 2.23£0.16 1.53+0.14

*pH and **Electrical Conductivity (EC) measured in the extract (1 part
soil:5 parts H,0); ***CEC, Cation Exchange Capacity; Start of growing
period, data represent average means and SE deviation, (n) = 4; End of
growing period, data represent average means for all treatments and SE
deviation, (n) =9.

Table 4 Soil nutrient elements at the start and at the end of the growing
period

*ES Start of growing period  End of growing period

N-inorganic (mg kg™ soil)

Dolmy F1 269.7+19.1 196.7+12.3
Yahoo F1 269.7+19.1 202.3+12.1
Florinis NS 700 269.7+19.1 184.2+11.9
P-Olsen (mg kg™ soil)
Dolmy F1 22.3+1.2 18.5+1.0
Yahoo F1 22.3£1.2 19.2+1.4
Florinis NS 700 22.3£1.2 17.5+1.0
K-exchangeable (mg kg™ soil)
Dolmy F1 42424223 336.2+16.0
Yahoo F1 424.2422.3 349.5+18.4
Florinis NS 700 424.2422.3 327.9+17.7

*ES-Experimental Sample; Results was determined at soil depth
0-20 cm; Data represent average means and SE deviation, (1) = 4.

Table 5 *Foliar analysis in pepper plants

N P K
Hybrid varieties
g 100 g' DW
Dolmy F1 2.9240.23° 0.32+0.03° 2.78+0.18°
Yahoo F1 2.40+0.17¢ 0.214+0.02¢ 2.2240.14°
Florinis NS 700 3.64+0.25° 0.48+0.04° 2.98+0.21*

*82n day from the start of the growing period; Data represent average
means and SE deviation, (1) = 4; For each chemical property of
samples, the values in the columns of the table with the same letter
among of (a, b or ¢) do not differ significantly according to the Tukey's
test (P =0.05), n=4.

Table 6 Balance of available mineral nutrient in the soil

Start of Surface End of
*ES growing fertilizer growing
period application period
Mineral-N (kg ha™' soil)
Dolmy F1 701.2+50.1 200 511.4+32.0
Yahoo F1 701.2+50.1 200 526.0+32.9
Florinis NS 700 701.2+50.1 200 478.9+30.9
Available-P,0, (kg ha™' soil)
Dolmy F1 132.8+7.0 50 110.2+6.0
Yahoo F1 132.8+7.0 50 114.3+8.2
Florinis NS 700 132.8+7.0 50 104.2+6.2
Available-K,O (kg ha™' soil)
Dolmy F1 1329.2+70.0 200 1053.4+50.2
Yahoo F1 1329.2+70.0 200 1095.0+67.6
Florinis NS 700 1329.2+70.0 200 1027.4+55.5

*ES-Experimental Sample; Results were obtained at 0—20 cm soil
depth; Data represent average means and SE deviation, (n) = 4.



Table 6 shows the balance of mineral nutrient elements
in the soil at depth of 0-20 cm, during the growing period.
Our results confirm the high demands of the crop in avail-
able forms of N and K during the growing period.

Changes in TP, NFP, FP and AA contents of the sweet
pepper hybrids at the examined development and matura-
tion stages are presented in Table 7.

From Table 7, TP content in the cultivars Dolmy F1,
Yahoo F1 and Florinis NS 700 during the development
and maturation stages ranged from 345.2 to 602.1, 404.9
to 794.5, and 795.7 to 2220.3 pg GAE g FW, respectively.
TP content in the cultivars Yahoo F1 and Florinis NS 700
during development stages decreased progressively, while
during the three maturation stages increased progressively
(from the green to the red stage) by 90.4 % and 143.4 %,
respectively. Howard et al. [41] have reported that phenolic
content change during maturation depends on the pepper
cultivars. The cultivar Dolmy F1 after the development

Table 7 TP, NFP, FP and AA contents during development (S1-S3) and
maturation (S4-S6) stages of the peppers

*S TP NFP FP AA

ug GAE g ' FW pgg' FW

Dolmy F1
S1 563.4+33.1° 194.4+14.9%"  369.0+27.6" 236.0+13.8
S2  467.9+24.8¢ 145.1£10.5% 322.9424 480 478.0+35.3M
S3 602.1+35.1° 198.7+14.9% 403.4+26.1* 762.0+36.62
S4 4443423680 142.2+10.5%  302.1+£23.7¢" 957.0+40.7
S5 393.3£21.4M 114.14 9.9¢0 279.2+18.2M 872.0+39.4¢f
S6  345.2+19.3 96.7+8.7" 248.5+16.7 896.0+40.2¢"
Yahoo F1
SI  794.5+35.6¢ 278.1+17.2% 516.4+30.2¢ 258.0£14.6'
S2  543.9+32.0¢f 190.4+14.1%F  353.5+£26.4%  491.0£38.7"
S3  488.1+28.5% 161.14+13.0°" 327.0+24.7¢n 859.0+37.8"
S4  404.9+22.2h 121.5+11.2¢" 283.4+18.9" 1157.0+£52.0¢
S5 454.8+24.4¢ 150.1+11.2% 304.7+24.08%  1046.0+44.7
S6  771.1434.9¢ 215.9+18.0% 555.2432.4%  1150.0+£51.9¢
Florinis NS 700

S1 907.4+40.7¢ 344.8+21.5° 562.6+33.9% 410.0+33.1!
S2 957.2444.9¢ 335.0+18.5° 622.2438.4%¢  540.0+32.1"
S3 795.7435.5¢ 302.4+17.9° 493.3+28.8¢ 900.04+40.4<
S4 9133427 255.7+19.3¢ 657.6+39.6°  1200.0+52.9%
S5 2009.4+89.2° 462.1423.9° 1547.3£65.3>  1278.0+58.1°
S6  2220.3+99.9*  466.3+24.1° 1754.0£74.9*  1550.0+87.6°

*S, Development and maturation stages of the sweet pepper fruits;
S1, small green; S2, medium green; S3, large green; S4, dark green
mature; S5, light green mature or green with brown (Florinis); S6, red
mature; For each chemical property of samples, the values in the
columns of the table with the same letter do not differ significantly
according to the Tukey's test (P = 0.05), n = 4.

Papathanasiou et al. | 223
Period. Polytech. Chem. Eng., 65(2), pp. 219-228, 2021

stage (S3) decreased gradually. Furthermore, at the red
maturity stage, the oblong cultivar Florinis NS 700 is char-
acterized by a higher TP content (2220.3 ug GAE g' FW),
compared to cultivars Dolmy F1 and Yahoo F1 that
showed values 345.2 and 771.1 pg GAE g' FW, respec-
tively (Table 7). TP content in the sweet pepper cultivars
Yahoo F1 and Florinis NS 700 during maturation stages
showed similar results with those reported by other authors
for some sweet pepper cultivars grown in India, as the cul-
tivars Parker, Torkel, Flamingo and Golden Summer [42],
and for the sweet cultivar Almuden grown in Spain [43].

NFP content in the cultivars Dolmy F1, Yahoo F1 and
Florinis NS 700 during the development and maturation
stages ranged from 96.66 to 194.37, 121.47 to 278.08, and
25572 to 466.27 ug GAE g!' FW, respectively (Table 7).
NFP content in the sweet pepper cultivar Florinis NS 700
during development stages did not show statistically sig-
nificant differences. However, the NFP content in the culti-
var Yahoo F1 during development stages declined progres-
sively by 42.08 %. NFP content during the maturation stages
in the cultivar Dolmy F1 declined progressively by 32 %,
while in the cultivars Yahoo F1, and Florinis NS 700
increased progressively from the green to the full red stage
by 77.8 % and 82.3 %, respectively. In addition, at the red
maturity stage the sweet cultivar Florinis NS 700 is charac-
terized by the higher NFP content (466.3 pg GAE g ' FW),
compared to cultivars Dolmy F1 and Yahoo F1, which
showed values 96.7 and 215.9 ug GAE g' FW, respectively.
The NFP fraction consists mainly dihydroxybenzoic acid
and cinnamic acid derivatives [44].

FP content in the sweet pepper cultivars Dolmy F1,
Yahoo F1, and Florinis NS 700 during development and
maturation stages ranged by 248.5 to 403.4, 283.4 to 555.2,
and493.3 to 1754.0 ug GAE g ' FW, respectively. FP content
in cultivar Dolmy E1 did not show statistically significant
differences, during maturity stages. The FP content in the
cultivar Yahoo F1 during development stages decreased
gradually, while during maturation stages increased pro-
gressively (from the green to the red stage) by 95.9 %.
FP content in cultivar Florinis NS 700 during develop-
ment (S1-S2) stages did not show statistically significant
differences, while during maturation stages increased pro-
gressively by 166.7 %. Flavonoid composition in pepper
fruits varies throughout growth and ripening. Flavonoid
phenols are in general synthesized during the early fruit
development stages [45]. Furthermore, at the red maturity
stage, the cultivar Florinis NS 700 is characterized by the
highest FP content (1754.0 ug GAE g' FW), compared to
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cultivars Dolmy F1 and Yahoo F1, which showed values
248.5 and 555.2 ug GAE g!' FW, respectively (Table 7).
Similarly, stability in flavonoid content during maturation
stages was reported for the sweet pepper cultivar Inferno
grown in Texas [41]. In addition, some authors reported
a decrease in FP content during maturation stages by 36 %
for the sweet pepper cultivar Vergasa grown in Murcia,
Spain [46]. Flavonoid loss during maturation may reflect
metabolic conversion to secondary phenolic compounds
or degradation via enzyme action [47].

AA content in the sweet pepper cultivars Dolmy F1,
Yahoo F1 and Florinis NS 700 during development and
maturation stages ranged from 236 to 957, 258 to 1157,
and 410 to 1550 pg AA g' FW, respectively (Table 7).
The AA content in the cultivars Dolmy F1 and Yahoo F1
during development stages increased progressively, while
during maturation stages did not show statistically signif-
icant differences (P > 0.05), showing generally a decreas-
ing trend. The AA content in the cultivar Florinis NS 700,
both during development and maturation stages increased
progressively, this increase during the three maturity stages
(from the green to the red stage) reached 29.2 %. However,
the magnitude of the changes seems to be dependent on
pepper types and cultivars. In addition, at the red maturity
stage, the sweet cultivar Florinis NS 700 is characterized
by the highest AA content (1550 ug AA g' FW), compared
to cultivars Dolmy F1 and Yahoo F1, which showed val-
ues 896 and 1150 pg AA g ' FW, respectively. AA content
in the pepper cultivars either increased or remained con-
stant as fruit matured, confirming previous studies that
reported increments of ascorbic acid content during mat-
uration stages [41, 43, 46]. These authors found that the
ascorbic acid content in the sweet pepper cultivars Vergasa,
Almuden and Inferno increased by 76.8 %, 55.8 % and
50.5 %, respectively, during maturation stages. According to
Mozafar [48], the concentration of AA in fruits is probably
associated to carbohydrate metabolism, while sugar accu-
mulations are at maximum levels in red ripe fruits [49].
Fox et al. [50] reported stability in AA content during
maturation stages for the sweet pepper cultivar Robusta
grown in North Florida. In contrast, some authors found
that the AA content in the sweet pepper cultivars Marona,
Arian and Anupam decreased by 42 %, 13 % and 10 %
respectively, during maturation stages [42, 51]. AA tended
to increase at the start of ripening, but then decreased grad-
ually with the advanced ripening, most probably due to its
antioxidant role, which increases with the increasing respi-
ration rate in the climacteric fruit [52].

Changes in the antiradical activity DPPH of the sweet
pepper fruit cultivars during the development and matura-
tion stages studied are shown in Fig. 1.

From Fig. 1, the antiradical activity in the sweet
pepper cultivars Dolmy F1, Yahoo F1 and Florinis
NS 700 during the development and maturation
stages ranged from 190 to 370, 240 to 450, and 320 to
980 pumol Trolox 100 g' FW, respectively. Antiradical
activity in these cultivars generally showed a decreasing
trend during the development stages, whereas it increased
progressively during the maturation stages. The Florinis
NS 700 cultivar at the red maturity stage is characterized
by stronger antiradical activity, compared to the cultivars
Dolmy F1 and Yahoo FI. The antioxidant activity in the
pepper fruits depends on the specific influence exerted
by each one of their single components of the phenolic
compounds and the synergy between of the individual
compounds. Also, the different composition in each one
of their single components during development and mat-
uration stages of pepper fruits modifies the antioxidant
activity. Our results are similar to those of other works
for the sweet pepper cultivars Arian, Marona and Zorro
grown at the province Rasht in Iran, reporting an increase
of 7-24 % in antioxidant activity during the maturation
stages [51], and for the cultivars Inferno and Yellow Bell
47 grown in Texas [41].

A linear regression analysis was performed to deter-
mine the correlation between TP, NFP, FP, AA con-
tent and antiradical activity in the various pepper cul-
tivars during the development and maturation stages
and the results are presented in Table 8. The correlation

Antiradical activity DPPH
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Development and maturation stages of sweet peppers

Fig. 1 Mean values and SE deviation, (1) = 4 of antiradical activity

measured during development (S1-S3) and maturation (S4-S6) stages

of the sweet pepper fruits; S1, small green size; S2, medium green;

S3, large green; S4, dark green mature; S5, light green mature or

green with brown (Florinis); S6, red mature; Characteristics of

the graph labeled with the same letter do not differ significantly
according to the Tukey's test (P = 0.05).



analysis showed a contradictory relationship between TP
content and DPPH among the different cultivars. In par-
ticular, insignificant correlation (R? = 0.12) was observed
between TP content and DPPH in the Dolmy F1 variety
during development and maturation stages. The moder-
ate correlation (R?> = 0.71) observed between of TP con-
tent and DPPH for the Yahoo F1 cultivar during develop-
ment and maturation stages could be attributed to large
variations in antioxidant composition between the differ-
ent development and maturation stages. While, the high
correlation (R? = 0.94) observed between TP content and
DPPH for the Florinis NS 700 cultivar during develop-
ment and maturation stages may possibly be attributed
to high polyphenolic content. Studies suggest that pepper
cultivars with high polyphenolic content also have high
antiradical activity [41]. The literature reports concerning
the correlation of phenols and antioxidant activity are con-
tradictory among the different pepper cultivars [41, 53].
Furthermore, the analysis showed insignificant correlation
(R*=0.14) between AA content and DPPH for all cultivars
studied, during development and maturation.

The inhibition percentage DPPH of the ethanol extracts
at different stages of development and maturation of sweet
peppers were examined at different concentrations of sample
(100, 200, 300, 400, 500, 600, 700 and 800 pg mL™) (Fig. 2).

The IC,, values of radical scavenging activity of pepper
extracts at different stages of development and maturation
are presented in Fig. 3.

Radical scavenging activity varied irregularly depend-
ing on the degree of maturity. The lowest radical scaveng-
ing activity (IC,, of 580 ug mL™) of the ethanol extracts
for the cultivar Dolmy F1 was found in the dark green
mature stage, while the highest radical scavenging activity
(IC,, of 350 pg mL™) was found in the red mature stage,
showing an increase of radical scavenging activity during
maturation stages by 39.7 %.

Table 8 Correlation coefficients between antiradical activity and TP,
NFP, FP, AA contents in pepper varieties during development and
maturation stages

Hybrid TP/DPPH  NFP/DPPH  FP/DPPH  AA/DPPH
varieties R?

Dolmy — - . Lo

Fl Insignificant Insignificant Insignificant Insignificant
;{fh"o 07131 0.4301 0.8060 Insignificant
Florinis - 9445 0.9113 09268  Insignificant
NS 700 . . . nsignincan
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The lowest radical scavenging activity (IC,, of
540 pg mL ™) for the cultivar Yahoo F1 was found in the
light green mature, and the highest radical scavenging
activity (IC,, of 350 ug mL™") was found in the red mat-
uration stage, showing an increase of radical scavenging
activity during of two mature stages by 41.7 %.

Also, for the cultivar Florinis NS 700, the lowest radical
scavenging activity (IC,, of 395 pg mL™) was found in the
dark green mature stage, and the highest radical scaveng-
ing activity (IC,; of 105 pg mL™) was found in the red
mature stage, showing an increase of radical scavenging
activity during maturation stages by 73.4 %.

The activity in the red maturation stage could be due to
the higher level of phenols, the specific influence exerted
by each one of their single components of the phenolic
compounds and the synergy between the individual com-
pounds. Castro-Concha et al. [54] reported the antioxidant
activities of the ethanol extracts in pepper fruits Habanero
at two different physiological stages: immature (25 days
post-anthesis) and mature (40 days post-anthesis). The best
free radical scavenging activity, increased by 45 %, was
exerted to the mature stage (IC, of 71.9 pg mL™) that was
characterized by the highest total phenols content. In con-
trary, Conforti et al. [47] reported the antioxidant activities
of the methanol extracts in the hot pepper fruits (Capsicum
annuum var. acuminatum) at three maturity stages.
At full maturity stage, fruits showed the lowest radical
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