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DYNAMICS OF QUERCETIN FORMATION IN ONION
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Onion bulbs (Allium cepa L.) are good sources of flavonoids. The aim of this study was to analyse the changes in
dynamics of quercetin formation in three varieties of onions (white, yellow, and red) during the vegetation period.
Quercetin content was determined after acid hydrolysis (1.2 M HCl in 50% aqueous methanol) by high-performance
liquid chromatography (HPLC). The content of total phenolics was determined using Folin-Ciocalteu reagent (FCR)
according to LacumaN and co-workers (2003). The content of polyphenols in onion ranged from 2893 to 6052
mg kg and the content of quercetin ranged from 52.44 to 280.72 mg kg! in fresh matter. The highest content of
polyphenols and quercetin was found in the red variety. According to statistical analysis the dynamic of quercetin
formation in all cultivars had statistically moderate (P<0.05) increasing tendency. Increasing content of polyphenols
was accompanied with slight increase of quercetin, but the differences remained insignificant (P<0.05).
Keywords: onion, quercetin, total polyphenolics, dynamics

Allium genus vegetables belong to a very important group of vegetables in the Slovak
Republic. Onions (Allium cepa L.) are one of the world’s oldest cultivated vegetables and are
the second most produced vegetable crop after tomatoes (GrirriTHs et al., 2002). This
vegetable is often classified as medicinal plant and also has significance as spice plant of high
dietary value. From the point of view of the consumers and agricultural producers the most
widespread type of Allium vegetables is onion (Allium cepa L.). The main production areas
are China, Iran, India, and the United States.

Onion (Allium cepa L.) has a great importance in human nutrition and has been
recognized as an important source of valuable phytonutrients as flavonoids, fructo-
oligosaccharides, thiosulphinates and other sulphur compounds (SLiMEsTAD et al., 2007).
Onion is mainly rich in flavonoids. The amount of phenolic compounds significantly changes
during the maturation process. WANG and co-workers (2009) found that amounts of cyanidin-
based anthocyanins increased during fruit ripening, but other polyphenols, such as ellagic
acid, quercetin 3-glucoside, quercetin derivative, and kaempferol 3-glucuronide, significantly
decreased during fruit ripening. The changes in the rutin content are often connected with the
developmental stage of the crop. In common buckwheat the rutin content in leaves increases
with the age of the plant, is at the maximum at the stage of maturity or at the stage of full
flowering in case of dry weather conditions after flowering, and in stems the rutin content
slightly decreases (KaLmova et al., 2006). Flavonoids improve blood circulation, reduce
inflammatory processes and block the development of cancer cells (CHENG et al., 2003;
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Bestwick et al., 2007). In addition to quercetin, onion also contains flavones luteolin and
kempferol (LanzotTi, 2006). Quercetin is the most represented polyphenolic compound of
flavonols. Quercetin (3,37,4°,5,7-pentahydroxyflavon) is found in free and bound form
(RHODES & PRICE, 1996). Quercetin in onions occurs mainly as a mixture of 4’-monoglucoside
and 3,4’-diglucoside and a number of studies indicate that these have a much greater
bioavailability than quercetin from other food sources containing different sugar moieties
(Arts et al., 2004). Mono- and diglucosides quercetin represent 93% of total flavonols in
onion (LoMmBARD et al., 2005). Quercetin was reported to have protective effects in reducing
the risk of cardiovascular disease and to act as anti-cancer and antioxidant agent due to its
antiprostanoid and anti-inflammatory responses and to decrease the rate of DNA degradation
(CrysrTAL et al., 2003).

The aim of the experiment was to study the dynamics of changes in quercetin content
during vegetation and total polyphenols content at the end of the growing season in three
cultivars of onions (Allium cepa L.).

1. Materials and methods

1.1. Plant material

Three cultivars of onions: Kamal F1 (red), Sherpa (yellow), and Stardust (white) were
obtained directly from a producer — PD Madunice, Slovak Republic. The investigated onion
cultivars were conventionally cultivated in the same locality under the same conditions. The
soil type of locality Madunice is fluvisols. Annual average temperature is 9.2 °C, the average
annual rainfall 577 mm. Only NPK fertilization was used for the achievement of favourable
soil macroelements content.

1.2. Chemicals and extraction

Folin-Ciocalteu assay and gallic acid were purchased from Merck (Darmstadt, Germany).

Sodium carbonate, methanol and 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) were
obtained from Sigma-Aldrich (St. Louis, MO, USA).

Methanol extracts were prepared by adding 100 ml of 80% methanol to 10 g milled
sample and was extracted in the Twisselmann apparatus for 12 h. Samples were then filtered
through filter paper (130 g m2, Filtrak, Thermalbad Wiesenbad, Germany) and kept at 8 °C
for further analysis.

1.3. Total polyphenolic content (TPC)

The total polyphenolic content was assessed by the method used by LacumaN and co-workers
(2003) employing the reduction of a phosphowolframate-phosphomolybdate complex to blue
products by phenolic compounds. Briefly, an aliquot of the extract, blank, or standard was
placed in a 50 ml flask, where the Folin-Ciocalteu reagent (2.5 ml) was added and the mixture
was allowed to react for 3 min under continuous stirring, then a solution of sodium carbonate
(7.5 ml) was added and mixed thoroughly. The volume was then made up to 50 ml with
distilled water and left standing at room temperature for 2 h. The absorbance was measured
at 765 nm using Shimadzu UV-1800 spectrophotometer (Japan). Results were expressed as
mg gallic acid equivalents (GAE) per kg fresh weight (FW).
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1.4. Quercetin content

10 g of onion slices were homogenized with 40 ml (62.5%) methanol. To this, 10 ml of 6 M
HCl was added carefully to give a total volume of 50 ml. The extraction mixture was thereafter
heated to 90 °C in a thermostat for 2 h. After cooling, the homogenate was filtered through
red filter paper (125 mm, 84 g m2, Grade 1292). Subsequently, the extract was filtered
through a 0.45-um filter (Frisenette ApS, Denmark).

The filtrate was injected into a high performance liquid chromatography (HPLC) system
that consisted of an Alliance 2695 chromatograph (Waters, Milford, USA), a LiChroCART
Purospher RP C18 column (5 pm, 250%4.6 mm; Merck, Darmstadt, Germany), and a DAD
2996 UV detector (Waters, Milford, USA). The column temperature was 30 °C. A gradient
elution of the mobile phase was used with a flow rate of 1 ml min'. Solvent A was acetonitrile,
and solvent B was 0.1% phosphoric acid. The solvent gradient was as follows: the
concentration of solvent A was 40% for the first 3 min, 5% for the next 5 min, and 5% for an
additional 2 min. The concentration of solvent B was 60% for the first 3 min, 95% for the
next 5 min, and 95% for an additional 2 min. The presence of quercetin was detected at
365 nm, and the content was calculated on the basis of the calibration curve of quercetin
standards (Acros Organics, Waltham, USA) prepared in methanol (gradient elution grade;
Sigma-Aldrich Corporation, St. Louis, MO, USA). Results were expressed as mg kg! FW.

All determinations were realised in six replicates.

1.5. Statistical analysis

Statistical evaluation of all results was carried out in Microsoft Excel using regression and
correlation analysis. Mean comparisons between cultivars were done by the LSD-test,
P<0.05.

2. Results and discussion

Onion has a great importance in human nutrition. It is a source of biologically active
phytosubstances, such as quercetin, phenolic acids, and kaempferol glycosides (SELLAPPAN et
al., 2002).

The process of quercetin content formation was observed in three onion cultivars (red,
yellow, and white) during the vegetation period. The highest content of quercetin was
measured in red cultivar at the beginning of the vegetation period (280.7+1.7 mg kg™'). The
slight decrease in quercetin content against first collection (about 24%) was recorded in
second half of June (213.3+2.1 mg kg'). Generally in June the dynamics of quercetin
formation showed slightly increasing tendency. At the end of the vegetation period the
measured values were 278.3£2.6 mg kg ! (Table 1).

Similar progress in the dynamics of quercetin formation was determined in yellow and
white cultivars, as well. The highest contents of quercetin were measured at the beginning
and in the end of the vegetation period and the lowest in the second decade of June (134.1£3.8
mg kg ! and 52.44+4.28 mg kg, respectively).

The dynamics of quercetin formation during the vegetation period of onion showed
statistically significant (P<0.05) increasing tendency (Figs 1, 2, and 3).
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Table 1. Content of quercetin in three cultivars of onions during vegetation (mg kg™')

Cultivars of onions White Yellow Red

I. sampling 92.13+£3.91 169.09+8.58 280.72+1.72
1I. sampling 81.71£2.17 150.49+10.61 273.95+5.14
III. sampling 68.53+2.89 134.60+6.82 261.47+1.53
IV. sampling 52.44+4.28 134.04+3.81 213.31+2.14
V. sampling 94.67+2.89 164.28+5.01 256.26+4.83
VI. sampling 97.26+2.46 171.64+5.53 280.18+1.59
VIIL sampling 90.33+2.00 170.04+5.12 278.32+2.64
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Fig. 1. Dynamics of quercetin formation in white onion (y=0.0129x?-0.9803x +90.53; R?>=0.38)

190
180
170
160
150_
w| ¢ %}
130 *

120

110 T T T T T T 1
0 14 28 42 56 70 84 98

Date of sampling, d

L 2 4

* 00
>0 o
* o0

Content of quercetin, mg kg

Fig. 2. Dynamics of quercetin formation in yellow onion (y=0.0161x?-1.1886x +165.15; R>=0.537)
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Fig. 3. Dynamics of quercetin formation in red onion (y=0.0236x>-2.0305x +288.6; R?=0.5087)

Our results correspond with those published by HorBowicz and KotLinska (2001).
Authors found the highest content of quercetin in the first vegetation phase followed by its
decrease and before harvest in July again a slight increase. PatiL and co-workers (1995a)
measured various contents of quercetin in particular growth phases, while in the first and final
phases the authors found similar values. The values during the observed period ranged from
54 mg kg ! to 286 mg kg! FW. Higher values of quercetin content in onion from 185 mg kg
to 1917 mg kg™' FW were reported by Wiczkowski and co-workers (2003), which could be
caused by the different cultivars used in the experiment, the different soil composition and
local microclimatic environment. The results obtained in our experiment suggest that the
content of quercetin during the whole vegetation period, mainly in June, was probably
influenced by the intensity of solar radiation. Several studies showed a significant impact of
the intensity of sunlight on quercetin content in selected cultivars of onions (PariL et al.,
1995a; MoGRreN et al., 2007). This fact was also confirmed by our results, as in the second half
of June the highest precipitation amount was recorded, which is reflected in the quercetin
content of the onion during this month.

Another parameter evaluated at the end of the vegetation period was the content of total
polyphenols. The highest value of this parameter was measured in the red cultivar Kamal F1
(60524267 mg kg ). Our results are similar to those published by Lu and co-workers (2011).
PrakasH and co-workers (2007) reported values of polyphenols in onion in the range of
4600-74 100 mg kg'. In this study the content of polyphenols in the yellow cultivar was
4310+536 mg kg!. The lowest content was measured in white cultivar Stardust (2893+327
mg kg ). The presented values show that onion is a rich source of polyphenolic substances
(Table 2).

According to the data obtained from the literature (PatiL et al., 1995b; MarotTTI &
PiccacLia, 2002) the polyphenolic content in onion depends on genetic factors, environmental
conditions (temperature, light, availability of water and nutrients), agrotechnical practice,
and after-harvest conditions. The correlation between total polyphenolic content and
antioxidant activity has been widely studied in different foodstuffs such as fruit and
vegetables. To our knowledge there is lack of evidence in the published data concerning
correlations between total polyphenolic content and content of quercetin. In our study
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increase of total polyphenolic content was followed by a slight increase in the content of
quercetin in all studied onion cultivars, however, without statistical differences (P>0.05). Our
results differ from those published by Nowak and GawLik-Dzik1 (2007), where the authors
found statistically significant positive correlation between quercetin and total flavonols
content. The results of the present study require further experiments to complete the whole
task. The research on the field of antioxidant properties of substances found in onion and
other vegetables and its protection effect will be worthy of further investigation.

Table 2. Total content of polyphenols, mg kg—1, in cv. of onions

Cultivars of onions White Yellow Red
Quercetin 90.33+2.00 170.40+5.12 278.32+2.64
Total polyphenols 2802+328 4139+532 57734230
(except quercetin)

Total polyphenols 2893+327 4310+£536 60524229

3. Conclusions

The present study indicates that onion is a rich source of bioactive components such as
polyphenolic substances. From polyphenols onion contains mainly quercetin that possesses
anticarcinogenic and antioxidant properties. Based on our results, the order of quercetin
content in various cultivars of onion was: red (Kamal F) > yellow (Sherpa) > white (Stardust).
The highest content of quercetin was measured at the beginning and at the end of vegetation
period in all onion cultivars. We conclude that genetic as well as climatic factors (intensity of
sunlight) affect the quercetin content in onions.

The work was supported by scientific grant VEGA 1/0084/12, VEGA 1/0456/12, VEGA 1/0724/12 and by a
producer PD-Madunice.
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