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ABSTRACT

Interest in organic growing systems that means no harm to the environment, mankind, and the world’s
natural ecosystem is increasing. This study evaluated the impact of organic versus conventional cultivation
method on eggplants (Topan-374 and Pala-49), tomatoes (Rio Grande and Pink), and bell pepper (Kandil
dolma) considering individual phenols, total phenol-flavonoid content, antioxidant capacity, and anti-
bacterial potential. Peel and pulp of eggplants were evaluated separately. Organic cultivation enhanced
trans-ferulic acid in the peels of both eggplant cultivars and the pulp of Pala-49. Organic Pala-49 had also
higher amounts of cyanidin and caffeic acid in the peel, and only caffeic acid in the pulp. Chlorogenic acid
was found in higher quantities in organic Rio Grande tomato and bell pepper. All organically grown
vegetables in our study had significantly higher total phenol and flavonoid contents than conventional ones
except Pink tomato. Organic farming significantly enhanced the antioxidant capacity of both eggplant
cultivars. Only organic peel of Pala-49 eggplant cultivar had antibacterial activity against Staphylococcus
epidermidis. Organic cultivation has an advantage in terms of antioxidant potential and phenolic con-
stituents, and it enhanced the nutraceutical potential of both cultivars of eggplant, Rio Grande tomato, and
bell pepper.
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1. INTRODUCTION

Organic agriculture is a system that preserves the balance in nature, ensures continuity in
soil fertility, preserves the continuity of living things in nature by controlling diseases and
pests, and obtains optimum efficiency with the use of natural resources and energy
(Y€uzbaşıo�glu, 2018).

Phenolic compounds are secondary metabolites produced by plants during growth and
reproduction, as well as in response to a number of biotic and abiotic stresses. Phenols having
antioxidant properties interfere with the production of free radicals and also play a key role to
inactivate them. Phenolic compounds are involved in prevention of several diseases related to
oxidative and nitrosative stresses, such as cancer, diabetes mellitus, cardiovascular diseases,
hypertension, atherosclerosis, and neurological disorders (Faller and Fialho, 2010; Caleja
et al., 2017; Ni~no-Medina et al., 2017). Organic food is expected to have a higher antioxidant
potential as organic cultivation systems encourage the production of secondary compounds,
like polyphenols (Faller and Fialho, 2010). Solanaceous fruits play an important role in
human nutrition, and this family’s most popular fruit crops are eggplant, tomato, and chili/
pepper (Yamaguchi, 1983). These vegetables have attracted a lot of attention as functional
food in recent years because of their high phenolic content and antioxidant activity
(Simonne, 2011; Ni~no-Medina et al., 2017). The present study concerned the comparison of
individual phenols, total phenol and flavonoid contents, antioxidant capacity, and antibac-
terial activity of some solanaceous vegetables growing with organic and conventional culti-
vation system.

2. MATERIALS AND METHODS

2.1. Cultivation of vegetables

This study was carried out in "Organically Certified" and "Conventional" fields in Application
and Production Farm, Faculty of Agriculture, Bursa Uluda�g University. The experiment was
carried out in two growing seasons of 2018 and 2019. Organic Agriculture Regulation was
followed completely in determining the distance between organic and conventional parcels
and organic cultivation (Official Gazette, 2010). The climate, weather, and soil conditions
were very similar on both cultivation systems. Two eggplant cultivars (Pala-49 and Topan-
374), two tomato cultivars (Rio Grande and Pink tomato), and one pepper cultivar (Kandil
Dolma) were used for both cultivation (Table 1). Farm manure sherbet was used in organic
farming, and commercial fertilisers (NPK fertiliser; 15:15:15-Plant_Istanbul ® and ammonium
nitrate; 26%) were applied in conventional cultivation. Irrigation and fertilisation processes
were applied in parallel in both cultivations. All vegetables were harvested at commercial
maturity.
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2.2. Extract preparation

Each vegetable obtained from two sources (organically and conventionally cultivated) for two
years were freeze-dried, powdered, extracted with methanol at 40 8C for 24 h, and then vacuum
evaporated. Extraction yields of each extract are presented in Table 1.

2.3. HPLC-DAD analysis

Six different phenolic substances (chlorogenic acid, cyanidin, caffeic acid, trans-ferulic acid,
gallic acid, and quercetin) (Sigma®) were quantitatively analysed in methanol extract of vege-
tables using HPLC-DAD as described by Turker et al. (2021) with slight modifications (gradient
elution with acetonitrile and 0.1% orthophosphoric acid). The chromatogram of the used
standards is presented in Fig. 1.

2.4. Free radical scavenging activity and total phenol-flavonoid content

Free radical scavenging activity of the vegetables was evaluated by DPPH (1,1-diphenyl-2-pic-
rylhydrazyl) assay that is based on DPPH disappearance at 517 nm in samples according to
Blois’s (1958) method with some modifications. Concisely, 0.1mL of various concentrations of
extracts or quercetin (antioxidant standard) were prepared in methanol and mixed with 1.4mL
of DPPH solution, which were then kept in the dark for 30min before the absorbance of the
samples was measured against the blank (methanol) with a UV-VIS Spectrophotometer (Hitachi
U-1900®). Folin-Ciocalteu and aluminium chloride colorimetric methods were used as
described by Turker et al. (2021).

2.5. Antibacterial assay

Antibacterial activity of vegetable extracts was assessed by disc diffusion assay as described by
Turker et al. (2021). Three Gram-positive bacteria (Staphylococcus epidermidis, Staphylococcus

Table 1. Cultivar, designation, and extraction yields of tested vegetables

Vegetables Cultivar Fruit parts Cultivation Designation Yield (%)a

Eggplant
(Solanum melongena L.)

Topan-374 Pulp C CTEpulp 14.5
O OTEpulp 21

Peel C CTEpeel 9.9
O OTEpeel 13.3

Pala-49 Pulp C CPEpulp 17.5
O OPEpulp 19.1

Peel C CPEpeel 8.1
O OPEpeel 9.7

Tomato
(Lycopersicon esculentum L.)

Rio grande Whole C CRT 25.1
O ORT 35.6

Pink Whole C CPT 21.6
O OPT 37.3

Bell pepper
(Capsicum annuum L.)

Kandil Dolma Whole C CKDP 20.5
O OKDP 18.1

C: Conventional, O: Organic; aExtraction yield (%) 5 weight of extract (g)/20 g of fruit sample3 100.
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aureus, and Streptococcus pyogenes) and seven Gram-negative bacteria (Klebsiella pneumoniae,
Escherichia coli, Pseudomonas aeruginosa, Salmonella typhimurium, Serratia marcescens, Proteus
vulgaris, and Enterobacter cloacae) were employed.

2.6. Statistical analysis

Data analysis was performed using analysis of variance (ANOVA) and Duncan’s multiple range
tests using SPSS vers. 26 (SPSS Inc, Chicago, IL, USA). All data in the tables are presented as a
mean value of 2 years ± standard error (SE). Pearson correlation analysis was performed for the
determination of relationship.

3. RESULTS AND DISCUSSION

When the vegetables studied were evaluated together, peels of both eggplant cultivars obtained
from both organic and conventional systems had the most individual phenolic substances
(Fig. 2). Organic peel of Pala-49 cultivar had the highest amount of t-ferulic acid, cyanidin, and
caffeic acid. Gallic acid and quercetin were not detected in any tested vegetables (Table 2). Total
phenolic contents of all studied vegetables were improved with organic cultivation. The highest

Fig. 1. Chromatogram of the standards. Retention times: 1. Gallic acid – 4.99min, 2. Cyanidin – 8.89min,
3. Chlorogenic acid – 9.52min, 4. Caffeic acid – 11.18min, 5. t-Ferulic acid – 13.36min, 6. Quercetin –

15.98min
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total phenolic content was observed with organically grown Rio Grande tomato and bell pepper
(134.13 and 89.03mg GAE/g, respectively). Parallel to the results of total phenolics, all organ-
ically grown vegetables demonstrated higher total flavonoid content than conventional ones
except Pink tomato cultivar. Among the studied vegetables, the highest total flavonoid content
was obtained with organically grown peels of Pala-49 and Topan-374 cultivars of eggplant
(125.84 and 72.87 84mg QE/g, respectively) (Table 3). Only organically grown peel of Pala-49
cultivar showed strong antibacterial activity against S. epidermidis (Table 4).

Peel and pulp of eggplants were evaluated separately for each cultivar. Peels of both eggplant
cultivars had more phenolic substances than pulps. Organic cultivation affected Pala-49 cultivar
more positively than Topan-374 in terms of individual phenolic substances. Organically raised
Pala-49 cultivar had higher levels of t-ferulic acid, cyanidin, and caffeic acid in the peels, and
higher levels of t-ferulic acid and caffeic acid in the pulp. t-Ferulic acid was enhanced 1.94 times
in the peel and 1.64 times in the pulp of Pala-49 cultivar with organic farming. It was also elevated
2.83 times in the peel of Topan-374 cultivar. Cyanidin and caffeic acid showed 1.38 and 1.44 folds
increase in the peel and 5.3 folds in the pulp of organically raised Pala-49 cultivar. Chlorogenic
acid content was not enhanced by the organic cultivation in eggplant, and it was found in higher
amounts in conventional peels of both cultivars and in the pulp of Pala-49 cultivar. Cyanidin and
caffeic acid were also detected more in the peel of conventionally grown Topan-374 cultivar
(Table 2). Remarkable enhancement in antioxidant capacity was observed in the peels and pulps
of both organically grown eggplant cultivars. Especially, organic cultivation improved antioxidant

Fig. 2. Chromatograms of organic and conventional peels of Pala-49 eggplant cultivar (OPEpeel and
CPEpeel, respectively)
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Table 3. DPPH radical scavenging activity and total phenol-flavonoid content of tested vegetable extracts.
Different letters in each column show significant differences (P < 0.05). IC50: The half maximal inhibitory

concentration. GAE: Gallic acid equivalent, QE: Quercetin equivalent

Vegetable extracts
Antioxidant activity IC50

(mg mL�1)
Total phenolics

(mg GAE/g extract)
Total flavonoids
(mg QE/g extract)

CTEpulp 2,565.59 ± 27.58f 32.74 ± 0.46f 19.89 ± 0.93f

TEpulp 1706.00 ± 69.90e 49.14 ± 0.53e 26.78 ± 0.43e

CTEpeel 909.07 ± 9.44c 4.84 ± 0.24ı 64.13 ± 0.88c

OTEpeel 813.83 ± 4.65c 9.39 ± 0.10h 72.87 ± 0.97b

CPEpulp 2,706.32 ± 158.85f 19.40 ± 0.21g 18.74 ± 0.50f

OPEpulp 1,331.72 ± 14.92d 31.22 ± 3.26f 41.13 ± 0.73d

CPEpeel 1730.21 ± 56.64e 33.79 ± 0.58f 63.74 ± 1.01c

OPEpeel 392.11 ± 6.66b 79.90 ± 1.12d 125.84 ± 1.93a

CRT >20.000 85.09 ± 0.43bc 3.51 ± 0.27hı

ORT >20.000 134.13 ± 2.76a 5.58 ± 0.20gh

CPT >20.000 6.78 ± 0.22hı 4.09 ± 0.25h

OPT >20.000 7.20 ± 0.37hı 1.20 ± 0.28ı

CKDP 4,649.03 ± 61.54g 82.29 ± 1.84cd 4.35 ± 0.24h

OKDP 4,878.15 ± 49.58h 89.03 ± 1.74b 7.01 ± 0.36g

Quercetin 59.01 ± 18.11a

Table 2. Quantitative analyses of phenolic compounds with HPLC-DAD in methanol extract of vegetables.
Different letters in each column show significant differences (P < 0.05)

Vegetable
extracts

Phenolic compounds (mg g�1 dry extract)

Gallic
acid QuercetinDesignation

Chlorogenic
acid Cyanidin Caffeic acid t-Ferulic acid

CTEpulp 1.40 ± 0.09d – 0.07 ± 0.04d 0.47 ± 0.01ef – –
OTEpulp 1.45 ± 0.00d – 0.05 ± 0.03d 0.32 ± 0.04ef – –
CTEpeel 7.74 ± 0.20a 1.97 ± 0.04b 0.28 ± 0.02b 0.66 ± 0.40de – –
OTEpeel 5.06 ± 0.01b 1.07 ± 0.00d 0.14 ± 0.00c 1.87 ± 0.01c – –
CPEpulp 1.34 ± 0.07d – 0.03 ± 0.00d 0.54 ± 0.00 def – –
OPEpulp 0.65 ± 0.02efg – 0.16 ± 0.00c 1.05 ± 0.00d – –
CPEpeel 7.64 ± 0.12a 1.56 ± 0.03c 0.27 ± 0.00b 2.77 ± 0.00b – –
OPEpeel 4.10 ± 0.25c 2.16 ± 0.01a 0.39 ± 0.00a 4.54 ± 0.00a – –
CRT 0.36 ± 0.09g – – – – –
ORT 0.88 ± 0.01ef – – – – –
CPT 0.98 ± 0.00e – 0.06 ± 0.00d 0.12 ± 0.02ef – –
OPT 0.38 ± 0.00g – 0.01 ± 0.00d – – –
CKDP 0.59 ± 0.00fg – 0.02 ± 0.02d – – –
OKDP 0.69 ± 0.12efg – – – – –

Sample codes: see Table 1.
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capacity of Pala-49 cultivar (4.41 folds and 2.03 folds for peel and pulp, respectively). Pulp of
Topan-374 cultivar was characterised by significantly higher content of total phenolics content
than pulp of Pala-49, and this content improved with organic cultivation (Table 3). Among the
studied vegetables, two of the eggplant cultivars responded to organic farming more positively in
our study. Consistent with our results, Raigon et al. (2010) reported strong adaptability of
eggplant to organic cultivation due to its resistance or tolerance to a wide range of diseases and
pests that affect other vegetable crops in the same family, such as tomato and pepper.

Many studies showed that the peel of the eggplants is rich in anthocyanins and pulp part is
also rich in phenolic acids. Anthocyanins and phenolic acids in eggplant have been shown to
have strong antioxidant ability in various studies (Ni~no-Medina et al., 2017). Anthocyanins are
phenolic compounds of the flavonoid group. The peels of two eggplant cultivars had the highest
total flavonoid contents, and only peels of both cultivars contained cyanidin, belonging to the
group of anthocyanins, in our study. The highest antioxidant capacity was obtained for the
organic peel of Pala-49, probably due to its highest content of individual phenolic substances
and total phenol-flavonoid content. IC50 values of Pala-49 cultivar showed a negative correlation
with total phenol and flavonoid contents (r5 –0.88 and –0.90, respectively, P < 0.05), and it can
be said that the increase in total phenol and flavonoid contents due to organic cultivation caused
an increase in antioxidant capacity. Furthermore, direct correlation was observed between
antioxidant potential and total phenolic content of Topan-374 cultivar (r 5 –0.94).

Lima et al. (2008) made a comparison between conventional and organic methods evaluating
the differences in phenol and flavonoid contents in the peel of eggplant. No significant difference

Table 4. Antibacterial activities of tested vegetable extracts. Different letters in each column show
significant differences (P < 0.05)

Mean diameter of inhibitory zones

Treatments S. epidermidis

CTEpulp –
OTEpulp –
CTEpeel –
OTEpeel –
CPEpulp –
OPEpulp –
CPEpeel –
OPEpeel 14.00 ± 0.58d

CRT –
ORT –
CPT –
OPT –
CKDP –
OKDP –
Penicillin 17.14 ± 1.01c

Ampicillin 31.57 ± 0.20b

Sulfamethoxazole 42.00 ± 0.00a

Methanol –

Sample codes: see Table 1.
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was found in total flavonoid contents for the two cultivation methods, and total phenolic
content was higher with conventional method. On the contrary, organic cultivation elevated
both total phenol and flavonoid contents of the peels in our study. Singh et al. (2017) reported
that organic growing positively influenced the phenolic profile of eggplant skin extract but not
antioxidant capacity. Luthria et al. (2010) did not observe significant difference in phenolic
content of eggplant samples grown with organic and conventional farming practices with their
studied two eggplant cultivars. On the other hand, both phenolic profile and antioxidant ca-
pacity in both eggplant cultivars were improved with organic cultivation method in our study.

Strong antibacterial activity was obtained only with organic peels of Pala-49 eggplant cultivar
against S. epidermidis, and it should be related to the highest antioxidant capacity and phenolic
constituents, flavonoids, especially anthocyanins, of the peels (Table 3). Antibacterial potential
of the peel against S. epidermidis is presented for the first time. Akhbari et al. (2019) investigated
the antibacterial potential of the anthocyanin-rich extract of eggplant peels, and a high anti-
bacterial potential was observed against K. pneumonia, P. vulgaris, E. coli, and P. aeruginosa, but
susceptibility of S. epidermidis and S. aureus were not found to the extract.

Chlorogenic acid amounts were higher (2.44 times) in organically grown Rio Grande tomato
cultivar. Organic farming was less efficient in Pink tomato cultivar considering chlorogenic acid,
t-ferulic acid, and caffeic acid quantities (Table 2). Organic Rio Grande tomatoes had signifi-
cantly higher total phenol and flavonoid contents than the conventional ones, but no significant
difference was obtained in total phenolic content between organic and conventional Pink to-
mato, and organic Pink tomato had lower total flavonoid content than conventional one. Dif-
ference in the antioxidant capacity was not found for any tomato cultivars or cultivation system
(Table 3). Anton et al. (2014) evaluated the effect of cultivation system on the content of in-
dividual polyphenols, total phenolics, and antioxidant capacity of four tomato cultivars. In
consistence with our results, none of their cultivars showed higher radical scavenging results
either in organic or conventional system. They also reported that the cultivation system had
minor effect on polyphenols content and no impact on antioxidant capacity and total phenolic.
Vallverd�u-Queralt et al. (2012) analysed tomatoes from conventional and organic production
systems and revealed higher levels of phenolic compounds in organic tomatoes. Borguini et al.
(2013) compared the effect of organic and conventional cultivation on the antioxidant com-
pound content and antioxidant activity of the Carmen tomato cultivar. Organically grown to-
matoes presented higher content of total phenolics and higher antioxidant activity than the
conventional ones. Hallmann (2012) showed that organic growing system positively affected the
nutritional value, total phenolic acid and total flavonoid contents in two tomato types (standard
and cherry). A similar impact of the cultivation method on total phenol and flavonoid contents
in organic and conventional Rio Grande tomato was also noticed, but total phenolic content was
not dependent on the cultivation system in Pink tomato in our study. Similar result was
observed by Ilic et al. (2014), who indicated that the effect of cultivar differences in tomato was
more enhanced than differences due to cultivation method on fruit quality.

Organic bell peppers had a significantly higher (1.17 folds) content of chlorogenic acid
compared to conventional ones (Table 2). Organically grown bell peppers showed less antioxidant
potential but higher total phenol and flavonoid contents than conventionally grown ones (Table 3).
In consistence with the result of our total phenol and flavonoid contents, de Oliveira Pereira et al.
(2016) found more total phenolic compounds in organic bell pepper. On the other hand, antiox-
idant capacity of their organic bell pepper was higher than conventional ones. Bicikliski et al. (2018)
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also determined that organic production of bell peppers resulted higher antioxidant content
compared to conventional ones. Hallmann and Rembiałkowska (2012) showed that organic bell
pepper fruits contained significantly more chlorogenic acid, gallic acid, quercetin, kaempferol, and
total phenolic acids compared to conventional ones. Similarly, higher chlorogenic acid and total
phenol-flavonoid contents were observed with organic bell peppers in our study. Szafirowska and
Elkner (2008) showed that pepper fruits obtained from organic cultivation system comprised higher
amounts of total flavonoids and polyphenols than conventional ones, like our study.

Differences in the impact of organic cultivation on phenolic constituents and antioxidant
potential in different studies may be attributed to the climate, weather, and soil structure of the
environment, where the product is grown. It is well known that the cultivar and mode of fertil-
isation have significant effects on the biosynthesis of phenolic compounds in plants. Generally,
many studies showed that organic agriculture system could result in food with higher polyphenol
quantity (Vallverd�u-Queralt et al., 2012). In the absence of synthetic pesticides, the plant may be
exposed to more stressful conditions, resulting in an increase in defence related substances, such as
phenolic compounds (Brandt and Mølgaard, 2001; Faller and Fialho, 2010). Furthermore, plants
are expected to weaken their natural defence mechanisms, when they are grown with artificial
nutrients and pesticides in conventional cultivation system. This is thought to contribute to a
reduction in disease resistance and defence-related secondary metabolite content, like phenolic
substances. Some investigations indicated that slower nitrogen release, as happens when manure is
used instead of synthetic fertilisers, results in higher polyphenol content in food, so organic foods
have more health-promoting substances than conventional ones (Fawzy et al., 2016).

4. CONCLUSIONS

Impact of organic cultivation system on some vegetables of the Solanaceae family indicated that
it varies depending on the plant species and the cultivar you work with. The predominant
phenolic compound found in all cultivars was chlorogenic acid. Both organic eggplant cultivars
produced fruits that have higher antioxidant capacity and phenolic constituents. Especially,
consumption of organic eggplants with their peels is healthier because of the exploitation of
more phenolic compounds. Organic cultivation of Pala-49 eggplant cultivar provided more
enhancements in antioxidant potency and phenolic constituents. Organic Rio Grande tomato
and bell pepper also showed enhanced phenolic compound contents. On the contrary, Pink
tomato cultivar was more appropriate for conventional cultivation, accumulating more total
flavonoid content under this cultivation condition. The health-promoting effect of organic
farming on Pala-49 and Topan-374 eggplant cultivars, Rio Grande tomato, and Kandil Dolma
bell pepper was proved with this study. Organic cultivation provided an advantage to obtain
fruit vegetables with higher amounts of phenolic compounds, which brings additional value to
these crops in terms of antioxidant potency as well as a lower environmental impact.
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