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evaluating antioxidant activity. Organic onions also have the highest content of polyphenols (0.35 +
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0.001 mg GAE/g fresh matter (FM)), total flavonoids (0.63 + 0.001 mg EQ/g FM), and the highest
antioxidant activity (0.1077 mg EAA/g FM). In terms of flavonoid and polyphenol content and
antioxidant activity, the organic bulbs were better preserved during storage compared to the
conventionally grown bulbs and should be preferred for consumption. The best time to consume the
organic onions is five or six months after they have been harvested, in order to obtain the highest
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INTRODUCTION These compounds give it several biological properties, such as

hypolipidaemic and antidiabetic properties (Airaodion et al.,

) ) . 2020). Onions have anti-inflammatory and anti-obesity activity
Onions produced in the world amounted to 85 million tons. The i addition to their potential antioxidant activity (Yu et al.,

major producers are China, India and the USA (Dinissia e al.,  2021). They are involved in the regulation of the microbiota in
2021). The onion is one of the most traded vegetables in the  {he intestine (Fernéndez-Jalao er al., 2021). Unfortunately,
world, grown in 140 countries and with a relatively long shelf  geveral biotic and abiotic factors often affect these biological
life (Mahmood et al., 2021). It is an important crop for a  properties of onions. These environmental factors affect
balanced diet (Mahmood et al., 2021). In fact, onions are rich phytonutrient composition, especially total phenolics and
in nutrients and are a major contributor to the fight against  f3vonoids (Bibi, Shah, Khan, Al-hashimi, et al., 2022). In
hunger and malnutrition worldwide (Ren & Zhou, 2021). It is  addition to environmental conditions, cultivars and cultivation
also a SOQd source of bioactive compounds like polyphenols  techniques affect bioactive compound content (Kazimierczak et
and antioxidants (Yu et al., 2021). al., 2021 ; Bouhenni ef al., 2021). Indeed, several studies have

shown that plants adapt to their environment by synthesizing
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specific compounds (Kaboré ef al., 2022). Conventional crops
use nutrients more readily and synthesize more
macromolecules and fewer antioxidant compounds. As a
consequence, this method of cultivation has a negative impact
on biodiversity by impoverishing the soil and reducing the
activities of microorganisms (Montgomery & Biklé, 2021). In
addition, chemical residues, which are very toxic for humans
and animals, must be removed from conventional crops (Bawa,
2023). Consumers are becoming increasingly resistant to the
many risks posed by pesticides and other chemical inputs.
They're demanding more and more organic products (Liang et
al., 2021). Therefore, in order to protect the environment,
biodiversity and health of consumers, organic crops seem to be
the best way (Boschiero et al., 2023). Organic agriculture is
significant in reducing the cost of chemical pesticides and
fertilizers, while protecting consumers from the risks associated
with them (Benbrook et al., 2021). In these crops, plants need
to adapt to their environment including stress condition and
they need to use nutrients to provide a part of microorganism
activity. They must be synthesize the bioactive compounds for
their protection including antioxidant compounds like
phenolics (Bibi, Shah, Khan, Al-Hashimi, et al., 2022). The
extraction solvent must be considered along with the
cultivation method. Studies have shown that the levels of
bioactive compounds vary depending on the techniques and
solvents used to extract (Keighobadi ef al., 2021 ; Dairi et al.,
2021 ; Gonzalez-de-peredo et al., 2021). Therefore, it is
interesting to evaluate the influence of organic and
conventional growing on bioactive compounds depending on
the extraction solvent used. The aim of this study was to
evaluate the influence of the type of cultivation of onions
during a long storage period on the content of polyphenols and
flavonoids with the use of two extraction solvents.

MATERIAL AND METHODS

Material : The onion bulb of the Galmi violet variety is used as
plant material. It is a variety that was developed in 1976 by the
Institute of Agronomic and Technological Research of Niger
(IRAT). It was registered in the National Catalogue of Species
and Varieties of Plants of Niger (CNEV) in 1994. In all regions
of Burkina Faso and all of West Africa, it is the most
widespread variety. It is also the one most consumed by the
population. Organic and conventional onions were used for this
study. After collection, the samples were sent to the
Biochemistry, Biotechnology, Food Technology and Nutrition
Laboratory, University Joseph KI ZERBO. Freshly harvested
samples and samples stored for 1 to 8 months were used in the
study.

Production sites: This production was carried out from August
to November 2018 (i.e. four months). It took place on two
different sites located in Doumtenga, in the commune of
Nongr-Massom, province of Kadiogo/Burkina Faso. The agro-
ecological farm Béo-née is one of the sites. Organic production
was carried out on this site. In order to avoid any
contamination, the two sites are 1.6 km apart.

Methods

Sample storage: The harvest was fifteen (15) kg of onion bulbs
per production type. After harvest, one (01) kg of bulbs from
each production type was randomly sampled, bagged, labeled
and then placed in the freezer (-18°C) to be used for

antioxidant content determination before storage. The
remaining part of each production was placed under domestic
conditions, spread out on the floor in the house, under ambient
conditions. Then, a sample of 1 kg of each type of production is
taken, bagged, labeled and placed in the freezer for analysis at
intervals of one (01) month for a period of eight (08) months.
Analysis Methods

Evaluation of total phenolics and flavonoids content:
Extraction was performed with hydromethanolic and
hydroacetone solvents in a 20/80 (v/v) ratio for the analysis of
phenolic compounds and antioxidant activities. Total
polyphenols were determined according to the method
described by Singleton & Rossi (1965) using the Folin-
Ciocalteu reagent. This assay is based on quantifying the total
concentration of hydroxyl groups present in the extract. It is a
colorimetric method and the absorbance is read at a wavelength
of 760 nm. A standard curve using gallic acid at different
concentrations has been established under the same conditions.
The aluminum chloride method was used to determine the total
flavonoid content of the extracts. The extracts were incubated
for 30 min at room temperature in the dark. The absorbance of
the solution was measured at 415 nm using a UV-Vis
spectrophotometer. The values were expressed as mg QE/100 g
FM (Arvouet-Grand ef al., 1994).

Evaluation of antioxidant activit: Antioxidant activity was
evaluated wusing 2,2-diphenylpicrylhydrazyl (DPPH) free
radical scavenging. DPPH produces stable free radicals that
produce a dark purple color. When they react with an
antiradical, the solution decolors. A decrease in absorbance is
measured at 517 nm. The percentage of DPPH radical
inhibition was used to express the radical scavenging activity
(% DPPH) of the extracts (Brand-Williams et al., 1995). The
antioxidant activity was evaluated using the iron reducing
method according to the method described by (Hinneburg et
al., 2006). The FRAP (Ferric Reducing Antioxidant Power)
method is based on the reduction of ferric ion (Fe'") to ferrous
ion (Fe*") by reducing compounds (antioxidants), which is
accompanied by the appearance of an intense blue color that
can be measured at 700 nm.

Statistical analysis: Analysis of variance (ANOVA), turkey
test, and principal components analysis were evaluated using R,
XLStat, and graphs using Prism.

RESULTS AND DISCUSSION

It was found that onions contained initial concentrations of
total polyphenols between 0.24 mg GAE/g and 0.28+0.004 for
methanol and 0.30+0.001 mg GAE/g and 0.35+0.001 mg
GAE/g for acetone. Regardless of the extraction solvent,
however, the organic culture (Figure la) presented the best
levels. These values are lower than the ones obtained by Dairi
et al. (2021) which obtained contents of 45+1 to 86+1 mg
GAE/100 g. This difference could be due to the variety and the
extraction solvents (Pobozniak et al., 2022). Also, these
differences can be due to the expression unit, because these
authors were expressed their results according to dry matter,
but in this study, the results are expressed to fresh matter
content. For flavonoids, the contents varied from 0.2 to 0.4 mg
EQ/g for methanolic extract and from 0.39 to 0.63 mg EQ/g for
acetone extract (Figure 2a). The results showed that the organic
crop produced the highest levels. However, from one solvent to
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another, the flavonoid contents varied according to the type of
culture (Dairi et al., 2021). During storage, the contents of
total polyphenols varied from 0.298-0.428mg GAE/g FM for
the acetone extract of the organic culture and from 0.30 to
0.438mg GAE/g FM for the acetone extract of the conventional
culture (Figure 1b). For the methanolic extract, the total
polyphenol content varied from 0.233 to 0.33 mg GAE/g for
the organic culture and from 0.19 to 0.335 mg GAE/g for the
conventional culture (Figure 1d). As regards flavonoids, the
levels in the methanolic extracts of the organic culture varied
during storage from 0,099 to 0,479 mgEq/g and in the
conventional culture from 0,102 to 1,21 mgEq/g (Figure 2 d).

For the acetone extracts, the contents of flavonoids varied from
0.37 to 0.984 mg EQ/g for the organic culture and from 0.21 to
0.667 mg EQ/g for the conventional culture (Figure 2b).
During storage, onions accumulate higher levels of phenolics
and flavonoids regardless of the solvent used (Figure 1-2).
Phenolic content varies with methanol or acetone extraction
after long storage (8 months) (Figure 1 b-d). There is an initial
increase in phenolic content and then a steady decrease. Other
authors have shown that storage conditions would improve the
phytochemicals contained in the onions (Gouda et al., 2023).
This accumulation is maximum between the 3rd and Sth month
for the organic culture and between the 2nd and 3rd month for
the conventional culture.

These results show that the organic crop keeps longer than the
conventional crop. This is confirmed by the contents of
flavonoids, which show that after 8 months of conservation, the
conventional onions lose 69 to 80 % of the flavonoids
compared to 59 to 78 % for the organic onions, depending on
the solvent used to extract the flavonoids. Previous studies have
shown a decrease in flavonoid content of more than 45 % after
4 months of storage (Gemin et al., 2021). This shows that
organic bulbs are more stable and better able to withstand
storing conditions (Sani & Yong, 2022). Thus, growing organic
onions would not only be profitable, but provide an alternative
for producing bioactive compounds (Sani & Yong, 2022).
Organic farming protects the environment from pesticides
while providing healthy food that is not contaminated with
residual pesticides (Cordeiro et al., 2022 ; Tudi et al., 2021).
No statistical differences were found for the polyphenolic
compounds. The flavonoids, on the other hand, showed
statistical differences between the different solvents. These
results show that the content of polyphenolic compounds is not
statistically influenced by the extraction solvent. In contrast,
the content of flavonoids varies according to the extraction
solvent and the type of cultivation (Morreeuw et al., 2021). The
polyphenolic compounds are therefore more stable. This is
independent of the extraction solvent used (methanol or
acetone) (Nazareth et al., 2021).

They would be responsible for the stability of the organic onion
bulbs during the period of preservation (Gouda et al., 2023).
The health importance of onions is partly due to their
antioxidant capacity. Figure 3 shows that the lowest inhibition
levels occurred with the organic onion extracts. In general, the
highest inhibition was observed for the conventional onions
stored for the first four months. However, the inhibitory power
of these onions decreased significantly and steadily after five
months of storage. Acetone was the best solvent for extraction
of antioxidant compounds, especially for conventional
cultivation, while methanol had the strongest affinity for
organic cultivation (Figure 3). Onions are known as good

sources of natural antioxidants. In this study, organic onions
showed DPPH radical inhibition percentages of 30.39 % to
71.21 % for acetone extract and 55.20 % to 79.60 % for
methanol extract. The highest percentage of inhibition with
methanol (79.60 %) was observed in organic onions. These
values are high than 76 % inhibition found by other authors
(Gonzalez-de-peredo et al., 2021). For the evaluation of
antioxidant activity, they also showed that methanol was the
best extraction solvent (Gonzalez-de-peredo et al., 2021).
Conventional culture showed maximum inhibition at 2nd
month, while organic culture showed maximum inhibition
between 3rd and 5th month of storage. These results show that
the antioxidant activity as determined by the DPPH method is a
function of the content of phenolic compounds and other
antioxidant compounds such as vitamin C and carotenoids
(Keighobadi et al., 2021).

The values ranged from 0.0097 to 0.1077 mg AAE/g for the
organic culture and from 0.00487 to 0.082 mg AAE for the
conventional culture when the antioxidant power was evaluated
by iron reducing activity (FRAP) (Figure 4). Among the
different solvents used, there was no significant difference. As
for DPPH, compared to the conventional culture (0.082 mg
AAE mg/g), the organic culture showed high values (0.107 mg
AAE/g). These values are similar to those obtained by
Kotenkova and Kupaeva (2021) on red onion crops. For the
organic culture, the highest activity is obtained in the 5th and
6th month of preservation. For the conventional culture, the
highest activity is obtained in the 2nd month of preservation.

These results show once again that the organic culture, in
addition to being more concentrated in bioactive compounds,
allows a good conservation of these compounds (Dash ef al.,
2021). These differences would be due to the different modes
of action of each of the two antioxidant evaluation methods. In
fact, the content of flavonoids, especially quercetin and its
derivatives, in onion bulbs would be responsible for the
inhibition of DPPH (Sagar et al., 2022). while the reducing
activity results from reducing compounds, especially certain
phenols, selenium and the activity of certain enzymes
(Golubkina & Caruso, 2020).

Onions play several biological roles due to their richness in
bioactive compounds (Giiner et al., 2021). They are natural
sources of antioxidants that can scavenge free radicals and
protect the body from oxidation (Dorrigiv et al., 2021). They
can help prevent cardiovascular disease, cancer, and other
chronic diseases (Ren & Zhou, 2021). Onion consumption is
associated with a reduction in inflammation and protection
against obesity (Zhao et al., 2021).

To get the most out of onions, it's recommended that organic
onions be consumed whenever possible, rather than
conventional, to avoid getting contaminated with chemical
compounds (Sagar et al., 2022). These analyses show that
depending on the extraction solvent and the type of culture,
total polyphenols and total flavonoids react differently. For
total polyphenols, the conventional culture presents the highest
contents, also with the methanolic extract for flavonoids. The
onions from the organic culture showed the highest content of
flavonoids in the acetonic extract. Study of solvents used shows
that acetone is the best extractor of total polyphenols and
flavonoids.
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This shows that the affinity between the phenolic compounds
of the onion and acetone is higher than that of methanol
(Mikucka et al., 2022). These results differ from those obtained
by other authors who have shown that acetone is the best for
extracting phenoliccompounds and evaluating antioxidant
activities (Wang et al., 2021). This difference could be due to
the difference in the type of plant that was used. On the other
hand, for the evaluation of the best antioxidant activity,
methanol is the best extractor than acetone (Figure 3-4). The
analysis of the biplot (Figure 5a) shows that the parameters are
more clustered in the acetone extraction and more dispersed in
the methanol extraction (Cui et al., 2021). The Principal
Component Analysis between the studied parameters and the

extraction solvents (Figure 5a) shows two groups divided
according to the solvents used. The parameters are more
clustered in acetone, although these two groups have points in
common. Acetone is also more correlated with total phenolics
and flavonoids. The methanolic extracts, on the other hand,
represent a more dispersed group and have a better correlation
with the antioxidant activities. Most of the compounds
extracted with acetone were also found in methanol. This
shows that methanol extracts different phytochemical
compounds whereas acetone extracts mainly phenolic
compounds. Figure S5b, showing the Principal Component
Analysis of the compounds investigated in relation with the
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types of crops, shows that the compounds extracted by the
different solvents vary between crops. Two groups have been
identified, one consisting of compounds extracted from organic
crops and one from conventional crops. In contrast to organic
farming, where the compounds were more or less grouped
together, conventional farming was found to contain a wide
range of compounds. The Principal Component Analysis
showed that the organic crop had a better distribution than the
conventional crop (Figure 5b). This indicates that with
increasing storage time the phenolic content decreases and
consequently the antioxidant activity decreases significantly.
The conventional crop has lost significant antioxidant quality
after more than three months of storage. Therefore, it is
preferable to have it for consumption before three months of
storage (Puig-Montserrat et al., 2021). On the other hand, the
organic culture can be consumed and even have a beneficial
effect on the conservation of up to six months. For later
consumption, it is therefore preferable to use organically grown
onions. Since they are free of chemical contamination, they are
even more advantageous (Zandi & Basu, 2021).

CONCLUSION

Onions have many biological properties due to their bioactive
compounds. However, their concentration varies depending on
the growing technique and extraction solvent used. Compared
to conventional farming, organic farming has many advantages.
It allows good preservation for future use, in addition to being
free of chemical contaminants. Consuming organic onions is
recommended for their health benefits. Acetone was found to
be the best extractor of phenolic compounds. Methanol gave
the best results for evaluating antioxidant activity. In case of
strong antioxidant activities, it would be advisable to evaluate
their biological activities both in vitro as well as in vivo.
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