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ABSTRACT

Up-to-date, there is no methodical and long-term research on fruit quality and nutritional
characteristics of peppers grown in organic production system in Republic of Macedonia. Still, there
are debates in broad sense about the advantage of organic vegetable production compared to
conventional one in terms of quality characteristics. Led by this idea, this research was conducted
with an aim to study vitamin C content and total antioxidant content in fruits of six pepper genotypes
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as most important fruit quality characteristics and to determine if there are differences in fruit quality
properties between those grown in organic and conventional production system.

Fruits of six different pepper genotypes Strumicka Kapija, Strumicka Vezena, Piran, Zupska Rana,
Duga Bela and Kurtovska Kapija cultivated in organic and conventional production systems were
used for determination of vitamin C and total antioxidant content. The extraction of vitamin C and
total antioxidants were performed in a plant tissue extractor with orthophosphoric acid and methanol
as extracting reagents, respectively. Vitamin C content was determined by HPLC instrument, while
total antioxidant content was measured with potentionstat instrument.

The genotype Strumicka Kapija was characterized with the highest content of vitamin C in both
cultivation systems. In all genotypes under study, except Zupska Rana, the vitamin C content was
higher in fruits from organic production as compared to pepper fruits from the conventional system.
Generally, the total antioxidant content in pepper fruits from the conventional system was averagely
lower than the total antioxidant content measured in pepper fruits from the organic production
system. These findings are a prove that production system is very important for the fruit quality
characteristic and the organic production of peppers results with production of fruits with higher
content of vitamin C and antioxidants compared to conventional ones, therefore organic peppers
give more nutrition and health benefits to consumers.

Keywords: Capsicum annuum L.; pepper; vitamin C; antioxidants;, organic cultivation system;

conventional cultivation system.
1. INTRODUCTION

Currently, the food which is organically produced
gains more popularity among consumers, health
educators, farmers and food retailers. Many
consumers believe that organically grown
vegetables have a better quality, are healthier
and contain more nutrients than conventionally
cultivated vegetables [1].

Three main factors as genetics, environment and
post-harvest practices are found as most
important  for  nutritional composition  of
vegetables cultivated under organic or
conventional conditions [2].

Vitamin C (ascorbic acid, C¢HgO,) is water
soluble vitamin, found in plants, especially in
fruits and leaf vegetables, and has a very
important function for the immune system,
functions in enzymes activation, reduction of
oxidative stress and many essential metabolic
processes. Vitamin C is one of the most
important indicators for nutritive quality in many
agricultural crops and it is generally known that
pepper fruit is characterized by the highest
content of vitamin C from all vegetables and
fruits. The content of vitamin C in fruits and
vegetables can be influenced by various factors
such as: genotypic differences, preharvest
climatic conditions and cultural practices,
maturity as well as harvesting methods and
postharvest handling procedures [3].

Antioxidants are beneficial because of their
protective roles against multiple diseases such
as cancer, anemia, diabetics and cardiovascular

diseases. Their function is counteracting the
oxidizing effects on lipids by scavenging highly
reactive oxygen free radicals, the major oxidizing
factors for the oxidative modification of low
density lipoprotein and nucleic acids [4]. Limited
availability of antioxidants in human body results
in health damage [5]. Therefore, antioxidants that
remove reactive oxygen species can be of great
value for prevention of the harmful effects of
oxidative diseases [6].

The most common antioxidants present in
vegetables are vitamins C and E, carotenoids,
flavonoids, sulfuric compounds and it is
commonly accepted that foods of plant origin are
the most important source of antioxidants [7-9].

From the available literature, there is no
methodical and long-term research on fruit
quality and nutritional characteristics of pepper
crop cultivated in organic production system, in
Republic of Macedonia and broader region. Still,
there are debates in broad sense about the
advantage of organic vegetable production
compared to conventional one in terms of quality
characteristics. Led by this idea and necessity,
this research was conducted with an aim to study
vitamin C and total antioxidant content of fruits of
six locally important pepper genotypes as most
important fruit quality characteristics and to
determine if there are differences in fruit quality
properties between those grown in organic and
conventional production system.

This is the first comparative research in Republic
of Macedonia on fruit quality and nutritional



characteristics of locally important peppers
genotypes (Capsicum annuum L.) cultivated in
organic and conventional production system.

2. MATERIALS AND METHODS
2.1 Plant Material

For this research an experimental field was
established at the location Kamnik in Skopje, on
the organically certified production fields of
Kamnik Bio Organic during three successive
years.

Pepper fruits, collected from six different pepper
genotypes cultivated under organic and
conventional conditions, were used as a plant
material in this study: Strumicka Kapija,
Strumicka Vezena, Piran, Zupska Rana, Duga
Bela and Kurtovska Kapija. For the purpose of
this study, five randomly selected pepper fruits
from each genotype grown in conventional and
organic system were used for preparation of
laboratory samples for determination of vitamin C
content and total antioxidant content.

The open-field experiment was set according to
the random block system method in three
repetitions in organic production system and
three repetitions in conventional production
system for each examined genotype. Each
genotype was represented by 15 plants at each
repetition, a total of 45 plants from each
genotype in the organic production system and a
total of 45 plants in the conventional production
system.

During the whole vegetation period, proper
cultivation practices were applied in the organic
and conventional production system,
respectively.

In the three experimental years, the sowing was
carried out in the last week of March, while the
seedlings were transplanted on the open field in
the last week of May. The open-field experiment
was realized by applying appropriate
agrotechnical measures in the organic and
conventional production system, using standard
agrotechnology for basic and pre-soil preparation
of the soil. Pre-soil preparation was performed by
plowing and rotovating. For protection against
high temperatures and direct sunlight, the
experimental field was protected by a 30% shade
protective net.

During the experiment, plant nutrition was
performed twice, during the second half of June
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and July, respectively and adequately in the
organic and conventional production system.
Plant nutrition in the organic production system
was performed with utilization of organic
fertilizers Tecamin max and Multi bloom applied
through the irrigation system, as well as
application of foliar organic fertilizer from sea
algae (Ascophyllum nodosum) and 12% humic
acid. In the conventional production system,
foliar plant nutrition with Controlphyt PK (30:20)
and NPK (15:15:15) fertilizers were applied in
combination with soil fertilization with NPK
magnesium pellets.

A preventive protection spraying of both systems
was carried out 15 days after planting. The
organic block was treated with fungicide Copper
oxychloride 50 (active substance 50% copper
oxychloride copper) and insecticide Neemazal-
T/S (active substance Azadiraktin), allowed for
use in organic production. The conventional
block was preventively treated with fungicide
Ridomil Gold MZ pepite (active substances
Mankozeb 64% and M-metalaksil 3.88%) and
with insecticide Actara 25 WG (active substance
Tiametoksam).

Since different pepper genotypes were included
in the experiment, first and last harvest were
performed according to the biological traits of
each genotypes, starting from mid of July and
finishing during the first week of October.

2.2 Extraction and Determination Method
of Vitamin C Content

Extraction of vitamin C from selected fruits was
performed in a plant tissue extractor, where
orthophosphoric acid (H;PO,) was used as
extracting reagent with a concentration of
¢(HsPO,) = 5x10° mol/L and carefully adjusted to
85% H;PO,4, pH = 3.

The pepper tissue of 5 g was mixed with 5 ml of
the extraction reagent and passed through plant
tissue extractor. After the extraction, 100 ul
extracts were taken and diluted with 1400 ul
water with HPLC qualities. All samples were
filtered through 0.45 um filters before injection in
HPLC instrument.

Determination of vitamin C content was done on
Varian Pro Star HPLC. The mobile phase was
methanol : water = 5 : 95 (v/v) with isocratic flow
of 1 ml/min. Determination was performed on
wavelength of 254 nm, injected volume 10 pl for
total analysis time of 7 min.



The calibration of the instrument was performed
with vitamin C standard solutions. A basic
standard of vitamin C ‘stocks’ was prepared with
a concentration of 1000 mg/L in the extraction
reagent. Standards of 10, 30, 60, 90 and 120
mg/L in the extraction reagent were prepared
from the stock solution.

The calibration curve characteristics of applied
methodology were y = 1835998.631x + 1277495
with correlation characteristics p > 0.99 (Fig. 1,
Fig. 2).

Bicikliski et al.; ARRB, 27(5): 1-11, 2018; Article no.ARRB.42851

2.3 Extraction and Determination of Total
Antioxidant Content

Extraction of total antioxidants from the selected
fruits was performed in a plant tissue extractor,
where methanol was used as extracting reagent.
In a semipermeable bag were put 5 g sample
and 5 ml of methanol. After the extraction
process was done, the material was transferred
in a 50 ml tube with additional 5 ml of methanol,
and centrifuged at 3000 rpm.
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Fig. 1. Calibration curve characteristics of vitamin C standards
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Fig. 2. Chromatogram of the calibration levels of vitamin C on HPLC instrument



Determination of antioxidant content was done
using the Autolab PGstat 128 N instrument [10].
The total antioxidant potential was calculated
using the electrolytic regenerative mechanism of

ABTS (ABTS-2,2'-azinobis (3-ethylbenzothia-
zoline-6-sulfonic acid)) compound. The
obtained results will be shown in relation

to the antioxidative potential of vitamin C. The
oxidation of the ABTS compound in the presence
of a pepper extract is accompanied by an
increase in the measured electricity due to the
chemical interaction of the antioxidants
present in the peppers and the oxidized forms
of the ABTS compound that regenerate the
working electrode during the volumetric
experiments.

The total antioxidant potential is compared in
terms of the potential of vitamin C, which is
considered as a standard. The measured values
of the antioxidant potential of the pepper extract
are in direct correlation with the quality of the
peppers. The applied method is relatively quick
and simple to perform, and the only deficit that it
cannot recognize the individual antioxidant
effects of the individual antioxidant present in the
peppers [10].

2.4 Statistical Analysis of Data

Statistical analysis of univariate analysis of
variance (ANOVA) was used for evaluation and
comparison of the organic and conventional
production practice effect on vitamin C and total
antioxidant content in pepper fruits under study
with IBM SPSP Statistics Software 19.0.
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3. RESULTS AND DISCUSSION

3.1 Vitamin C Content in Pepper Fruits
from Organic and Conventional
Cultivation System

The results of vitamin C content in the pepper
fruits from organic and conventional production
system are presented in Table 1, while an
example of chromatogram of measured vitamin
C content in a pepper fruit sample is given in
Fig. 3.

The highest content of vitamin C was measured
in the pepper fruit from the genotype Strumicka
Kapija in both production systems (142.07 and
118.47 mg/g, respectively). The lowest content of
vitamin C under the organic production
conditions was measured in Zupska Rana (48.18
mg/g), while in the conventional production
system the lowest content of vitamin C showed
Piran (45.23 mg/g). In pepper fruits of all
genotypes, except Zupska Rana, the vitamin C
content in fruits from organic production system
was higher as compared to vitamin C content
found in fruits from conventional production
system.

The most important influence on vitamin C
content has the genotype (n? = 0.722), while the
method of cultivation has a much lower effect (r]2
= 0.070). In terms of interaction between the
different pepper genotypes and cultivation
practice, as factors that influence the content of
vitamin C, this interaction was found to be low
and amounted to n? = 0.330 (Table 2).

Table 1. Vitamin C content in pepper fruits of different genotypes cultivated in organic and
conventional production system

Mean value (mg/g) Standard deviation

Genotype Production practice
Strumicka Kapija organic
conventional
Strumicka Vezena organic
conventional
Piran organic
conventional
Zupska Rana organic
conventional
Duga Bela organic
conventional
Kurtovska Kapija organic

conventional

142.07 8.44
118.47 21.63
78.67 15.26
72.45 9.28
62.57 8.16
45.23 31.37
48.18 15.18
84.12 21.39
96.33 14.48
65.62 15.89
102.77 18.03
94.22 1.09
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Fig. 3. Chromatogram of vitamin C content in a pepper fruit sample

Table 2. Univariate analysis of the effect of pepper genotypes and cultivation practice on
vitamin C content in their fruits

Factor Sum of Degree of Mean F test Significant Effect of factor
squares freedom (df) square (Partial eta squared)
Genotype 43864.292 5 8772.858 31.093 0.000 0.722
Cultivation 1274.283 1 1274283 4516 0.038 0.070
practice
Genotype * 8337.332 5 1667.466 5.910 0.000 0.330
Cultivation
practice
Error 16929.082 60 282.151
Total 581145.390 72
Estimated marginal means of vitamin C
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vV  1s0004 —— organic

i = — conventional

:

m 42500 \ 1. Strumicka Kapija

:1 \'\\ 2. Strumicka Vezena

" \\ 3. Piran
¢ Grsai N\ I 4. Zupska Rana
' \‘-‘_ }""/ = 5. Duga Bela

:; \ - ’__.f ; 6. Kurtovska Kapija

: : \Q\ ;_f

: 50.00 \ejj

(mg!g] T T T T T
1 2 4 5 o

Fig. 4. Estimated marginal means of vitamin C content in pepper fruits of tested genotypes
cultivated in organic and conventional production system



Although the previous analysis of the
influence of the genotype and the cultivation,
expressed through the strength of the factor,
showed very little effect on vitamin C content, the
analysis by separate genotypes of pepper
indicates that except for the genotype Zupska
Rana, where the content of vitamin C was
greater in the conventional production system, in
all other genotypes the content of vitamin C was
higher in the organic production system
(Fig. 4). Also, the comparative analysis of
vitamin C content in different genotypes grown in
an organic and conventional production
system showed that the genotypes grown
in the conventional system had averagely
8.414 mg/g lower vitamin C content compared
to fruits cultivated in the organic system
with a statistically significant difference
(Table 3).

Generally, organically grown vegetables contain
higher quantities of vitamins and minerals as
compared to conventionally grown vegetables.
Smith [11] reported that organic food contains
more nutritious in terms of mineral content than
produced under conventional conditions. Leclerc
et al. [12] found that carrots and celeriac roots
grown organically were higher in ascorbic acid
and B-carotene contents. In addition, the same
authors reported that the ascorbic acid content in
potatoes grown organically was significantly
higher than those grown under the conventional
method. On the other hand, authors reported no
significant difference in the ascorbic acid content
in potato, tomato and pepper grown using these
two production methods [13] and no differences
in B-carotene content of carrots grown under
organic and conventional fertilization [14].
However, Topuz and Ozdemir [15] reported that
differences in vitamin C content in various
pepper genotypes are highly influenced by the
genetic diversity of genotypes investigated.

Ismail [1] in the research regarding determination
of vitamin C, B-carotene and riboflavin contents
in five green vegetables cultivated under organic
and conventional conditions and selected
according to the popularity of consumption in
Malaysia, noted that environment and post-
harvest practices were separated as factors that
can affect the content of vitamins in the fruits.
The author considers that it was extremely
difficult to make a true comparison between the
two ways of production. However, the study was
useful as a step towards further work to create a
vitamin-based database for organic vegetables.
The same applies to this research and all other
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studies related to comparative analyzes in the
content of vitamins and other nutrients of
products under organic and conventional farming
systems [1].

The research of Korkutata and Kavaz [16] also
confirms the influence of pepper genotype on the
content of vitamin C. Differences were found in
the content of vitamin C in different red hot
pepper genotypes grown in a conventional
production system. The content of ascorbic acid
in pepper fruit depends not only on the variety,
but also on the method of production [17] and a
higher content of vitamin C was measured in
peppers from organic production than
conventional was reported [18]. Hallmann and
Rembiatkowska [19] found that the fruits of
peppers grown in the organic system were
characterized by significantly higher content of
vitamin C than those of the conventional system
of cultivation.

3.2 Total Antioxidant Content in Pepper

Fruits from Organic and
Conventional Cultivation System
The results of total antioxidant content
in the pepper fruits from organic and

conventional production system are presented in
Table 4.

The highest total antioxidant content was
determined in pepper fruits of Piran (1.18 mg/g),
while the lowest was measured in pepper fruits of
Duga Bela (0.71 mg/g), both from the
conventional system. Comparing the both
production systems, we found the highest
total antioxidant content in the genotype
Strumicka Kapija (1.08 mg/g) and the
lowest content in the genotype Kurtovska
Kapija (0.91 mg/g) in the organic system.
On the other hand, in the conventional

production system, the highest antioxidant
content was measured in pepper fruits of
Strumicka Kapija (1.13 mg/g) and the

lowest content in the pepper fruits of Duga Bela
(0.71 mg/g).

The genotype had a superior influence on the
total antioxidant content in pepper fruits (n2 =
0.112), while the cultivation method had much
less effect (n° = 0.014). In terms of interaction
between the pepper genotypes and the
cultivation practice, as factors that influence the
content of antioxidants, it had been shown that
this interaction is low and amounts to r]2 = 0.087
(Table 5).
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Table 3. Pairwise comparison between vitamin C content in pepper fruits and cultivation

system applied

(A) Cultivation (B) Cultivation (A-B) Mean Std. error  Significance”
system system difference

Organic Conventional 8.414 3.959 0.038
Conventional Organic -8.414 3.959 0.038

*. The mean difference is significant at the 0.05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments)

Table 4. Total antioxidant content in pepper fruits of different genotypes cultivated in organic

and conventional production system

Genotype Production practice Mean value (mg/g) Standard deviation
Strumicka Kapija organic 1.08 0.23
conventional 1.13 0.39
Strumicka Vezena organic 0.94 0.07
conventional 0.96 0.16
Piran organic 1.18 0.24
conventional 0.90 0.13
Zupska Rana organic 0.99 0.15
conventional 0.87 0.26
Duga Bela organic 0.92 0.11
conventional 0.71 0.33
Kurtovska Kapija Organic 0.91 0.12
conventional 1.08 0.63

Table 5. Univariate analysis of the effect of pepper genotypes and cultivation practice on total
antioxidant content in their fruits

Factor Sum of Degree of Mean F test Significant Effect of

Squares freedom square factor

(df) (Partial eta
squared)
Genotype 0.593 5 0.119 1.518 0.198 0.722
Cultivation practice 0.068 1 0.068 0.868 0.355 0.070
Genotype * 0.447 5 0.089 1.145 0.347 0.330
Cultivation practice
Error 4.687 60 0.078
Total 73.948 72
Although the previous analysis of the influence of  different genotypes grown in organic and

the genotype and the cultivation practice,
expressed through the strength of the factor,
showed very little influence on the total
antioxidant content, the analysis of relationship
between pepper genotypes and total antioxidant
content in pepper fruits indicates that the organic
production system in the genotypes Piran,
Zupska Rana and Duga Bela contributed to
higher total antioxidant content as compared to
the conventional ones. On contrary, a higher
content of total antioxidant was measured in
pepper fruits of Strumicka Kapija, Strumicka
Vezena and Kurtovska Kapija in conventional
production system (Fig. 5).

However, the pairwise comparison between the
total antioxidant content in pepper fruits from

conventional production system showed that the
peppers grown in the conventional system have
averagely 0.061 mg/g lower total antioxidant
content than the pepper fruits from the organic
production system (Table 6).

Antioxidant compounds in pepper fruits are
influenced by genotype, timing of harvest and
weather conditions during the entire vegetation
period [19-20]. Plant nutrition with mineral
fertilizers in  production process reduces
antioxidant content, while organic fertilizers
contributes to increase of content of antioxidants
in plants [21-23]. However, there are different
data regarding the phytochemical status of
organic and conventional vegetables [24-25].
Antioxidant activity depends on different
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Fig. 5. Estimated marginal means of total antioxidant content pepper fruits of tested genotypes
cultivated in organic and conventional production system

Table 6. Pairwise comparison between total antioxidant content in pepper fruits and cultivation

system applied

(A) Cultivation (B) Cultivation (A-B) Mean Std. error  Significance”
system system difference

Organic Conventional 0.061 0.066 0.355
Conventional Organic -0.061 0.066 0.355

*. The mean difference is significant at the 0,05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).

chemical properties and can be specific for
each variety. It mainly depends mostly on

phenols, which are considered to be
stronger antioxidants compared to vitamins
[26-27].

Szafirowska and Elkner (2008) [17] determined a
large amount of total flavonoids and soluble
phenols, as well as a significantly higher content
of beta-carotene in organic fruits of peppers of
three varieties (average 1.1 mg/100 g) as
compared to fruits from conventional production
(average of 0.8 mg/100 g). There was a report
for higher content of total flavonoids and soluble
phenols in organically grown tomatoes compared
to those grown in a conventional system [28]. On
the other hand, Knap et al. [29] reported no
significant differences in the antioxidant activity
between the organically and conventionally
grown crops and spices. Furthermore,
Maksimova et al. [30-31] reported a significant
relationship between capsaicinoids content and
antioxidant activity of four different genotypes of
pepper (Capsicum annuum L.).

4. CONCLUSION

Vitamin C content found in pepper fruit of six
genotypes grown in organic and conventional
cultivation systems varies due to pepper
genotypes diversity and applied cultivation
practices. The highest vitamin C content was
measured in Strumicka Kapija grown in both
cultivation systems. Overall, the value of vitamin
C content was higher in pepper fruits from
organic cultivation in all tested genotypes, except
Zupska Rana. The comparison between the total
antioxidant content in pepper fruits from different
genotypes grown in organic and conventional
production system showed that the peppers
grown in the conventional system have averagely
lower total antioxidant content than the pepper
fruits from the organic production system.

These findings are a confirmation that production
system is very important for the fruit quality
characteristic and the organic production of
peppers results with production of fruits with
higher content of vitamin C and antioxidants



compared to conventional ones, therefore
organic peppers give more nutriton and
health benefits to consumers. Nevertheless,
there is an imperative need for further
research and study of quality parameters of
organically  cultivated vegetables, as a
scientifically based evidence to support opinions
that organically cultivated vegetables give more
health  and nutritve  advantages  over
conventional ones.
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