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Flavonoids as bioactive compounds in vegetable foods have been the subject of numerous research projects.
Quercetin, with its powerful antioxidant activity, has also been and is currently in the focus of studies on plant species
identification, and on its role in healthy nutrition. The current literature sources provide diverse information on its
content in particular plant species but there are almost no data on its ratios to other flavonoids representatives. The aim
of this survey was to provide information about quercetin analysis and content as a major flavonols representative and
quercetin ratios to total flavonols, expressed as a sum of myricetin, quercetin and kaempferol and to total flavonoids in
Bulgarian fruits and vegetables. The survey covered 17 fruit and 13 vegetable samples, complying with the current
sampling requirements, with a view to food composition assessment. Quercetin and other flavonols analysis by High
Performance Liquid Chromatography (HPLC) method; Total flavonoid content was determined by the aluminum
chloride colorimetric assay. Evidence is presented on quercetin content in fruits and vegetables and on its ratio to total
flavonols and total flavonoids content. The results demonstrate that quercetin is most frequently the major flavonol
representative in the majority of the analyzed samples. There is, though, an interesting exception, presented by the
representatives of the Cruciferae family - broccoli and Brussels sprouts - where the quercetin ratio to total flavonoids is
very high, reaching up to almost 50%. In fruits, quercetin in strawberries is only 44.0% of the total flavonols, thus
demonstrating once again the need for a complex approach in the analysis of the data for flavonoids content. The
supplementation of the flavonoids composition and content data with evidence about their ratios will enable more
correct identification of the biodiversity and will allow to compensate, though to only a certain extent, the effect of the
biological variation on the accuracy of the analysis, and will enrich the information needed to build up a data base for
flavonoids in foods.
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INTRODUCTION most comprehensively studied flavonoid of the

flavonols group and all data bases for this class of

The Food Composition Tables are an
indispensable part of the food information system
that, together with the criteria for the biological role
of the food and its nutrients, is involved in the
building up and establishment of the food policy.
Food, as a basic environmental compartment sets
the need of knowledge on its composition to enable
its nutritional value and safety. Currently there are
huge data arrays containing information about
macro- and micronutrients and on the bioactive
compounds content in foods as well. An example in
this aspect is supplied by the US Department of
Agriculture that has developed data bases for
phytonutrients, carotenoids, flavonoids,
isoflavonoids, anthocyanines in addition to the
major food composition data base [1]. The present
survey was focused on the content of the flavonoid
quercetin in foods, because of its confirmed
bioactivity in the prevention of oxidative stress in
the organism [2, 3], as well as against the
development of a number of degenerative diseases
[4-6]. Quercetin attracted our attention as it is the
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polyphenolic compounds contain any information
on it.

Criteria for judging the quality of food
composition data and databases have long been
established. In 2002 those criteria have been
formalized by Holden et al. [7] assessing food data
quality. Whether generating new analytical data or
assessing existing data, quality criteria are
fundamentally related to the following stages: the
number of food samples collected, the number of
samples prepared for analysis, the number of
discrete samples analyzed, the number of analytical
replicates, the number that represents the best value
and the variability and the quality of analytical
procedure used [8].

In this relation, in spite of the variety of data on
flavonoids content in foods, they either do not
comply with the requirements for a database or the
biovariety of the selected plant species is very
large, or no relationships have been searched for
between the particular representatives in the
flavonoids groups. Striving for stability of the
results for flavonoids content in plant species used
for food purposes, we support that it is appropriate
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to analyze not only the real numerical value of the
guantity of the individual representatives of
flavonoids classes per unit of plant tissue but also to
establish the ratio between the compounds
themselves, building up the content of each
individual plant species. The aim of this survey was
to provide information for analysis and content of
quercetin as a major flavonols representative and
guercetin ratios to total flavonols expressed as a
sum of myricetin, quercetin and kaempferol and to
total flavonoids in Bulgarian fruits and vegetables.

MATERIALS AND METHODS
Sampling plan

This survey covered the analysis of 17 fruit and
13 vegetable samples. Each analyzed individual
sample of fresh fruits and vegetables was an
aggregate sample of three single samples purchased
at three different premises in one and the same day.
The amount of the purchased single samples was as
follows: not less than 0.5 kg for berries
(raspberries, blueberries, blackberries), not less
than 1 kg for the other fruits and vegetables and
three pieces for vegetables that are sold either in
pieces (cabbage) or bunches (leeks) (BNS ISO 874:
1996) [9]. A sampling protocol was elaborated for
each single sample, describing its origin. The single
samples were aggregated in a common sample
(aggregate sample). After a careful check fruits and
vegetables with infringed integrity and freshness
were pulled out of the aggregate sample. A
subsample was made of the aggregate sample,
through random selection of fruits and vegetables,
that was lyophilized. It was weighed before and
after the sublimation drying with the task to
determine its dry fraction that was necessary for the
precise calculation of the results. When preparing
the subsample all non-edible parts of the fruits and
vegetables were removed. The lyophilized
subsample was stored in hermetically vacuum
sealed packs at temperature of 4°C until the time of
the analysis. Before the analysis the lyophilized
subsample was ground, sieved through a sieve with
pore size 0.5 mm and homogenized. Part of the
lyophilized subsample was taken, representing the
analytical sample [10].

Methods for determination of flavonols in fruits
and vegetables
Extraction and hydrolysis

The lyophilized subsamples were ground to fine
powder. The analytical sample was weighed in a
200 ml Erlenmeyer flask with ground glass joints
and water, solution of tertiary butylhydroquinone

(TBHQ) (2 mg/ml MeOH), and hydrochloric acid
(10 M) were added to it as follows (Table 1):

Table 1 Sample preparation for flavones and
flavonols analysis

Weight ~ TBHQ H:0  HCI
Sample

P (9) (m  (ml)  (m)
Lyophilizate 0.500—1.500 25 19 6

Each analytical sample was completed with 500
ul internal standard morin in a way that the final
morin concentration in the sample would reach 2.5
ug/ml.

The extraction and hydrolysis of the sample in
this survey was performed at 1.2 M HCI in 50%
MeOH in a water bath at 90°C for 2 h under a
reverse condenser. After the hydrolysis period had
expired, the sample was allowed to cool down for
about 5 min, and after that 1 ml solution of ascorbic
acid was added to it (1 mg/ml). The sample was
transferred to a 100 ml graduated flask and the
marked volume was made up by adding methanol.
The sample was subjected to an ultrasound bath for
3 min and, after that, if necessary, the volume was
again adjusted to the mark. The extract was
homogenized and an aliquot part of it was
ultracentrifuged for 5 min at 14000 rpm. The
supernatant was filtered through a membrane filter
(HV-Millipore) with pore diameter 0.45 um.

High performance liquid chromatographic analysis

The separation was performed by an Alltima
column (100 x 4.6 mm i.d., 3 um) C18, Alltima
Associates, Inc., connected to a pre column packed
with the same filling. The elution was isocratic with
¢ 28 % acetonitrile in 2% acetic acid (Eluent I). The
flow rate was 0.9 ml/min, with working pressure
11.5-12 MPa.

The amount of flavonols and flavones in the
samples was determined by the method of the
internal standard. For this purpose a linear
correlation equation of the relationship between the
ratio of the signals of the standard solutions to the
internal standard and the concentration of the
determinable compounds in the calibration standard
solutions was constructed. The results were listed in
mg/100 g fresh weight.

Since by the present HPLC analysis only 3
individual flavonols may be determined, we have
decided to refer the quercetin content, as their main
representative, to total flavonoids load in fruits and
vegetables.

Total flavonoids assay

Total flavonoid content was determined by the
aluminum chloride assay [11]. All samples were
analyzed in duplicates. In brief an aliquot of 1 ml of
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extracts or standard solution of catechin (20-100
mg/l) was added to 10 ml volumetric flask
containing 4 ml H.0, and after that 0.3 ml 5%
NaNO, was added. After 5 min, 0.3 ml 10% AICl3
was added and at 6" min, 2 ml 1M NaOH was
added and the total volume was made up to 10 ml
with Hy0. The absorbance of the solution was
measured against the reagent blank at 510 nm.
Total flavonoids content was expressed as mg
catechin equivalents CE/100 g fresh mass [12].

RESULTS AND DISCUSSION

The results for quercetin and total flavonols
content (expressed as a sum of myricetin, quercetin
and kaempferol) in Bulgarian fruits, determined by
HPLC method were presented in Table 2 in mg/100
g fresh weight. All results complied with the
requirements for food data representativeness as
they were a mean value of duplicate analyses of a
pool of 3 market samples. In addition, each value
was an average result of at least three aggregated
(pool) samples, which meant at least 9 individual
samples. In this relation, the presented data were
among the most precise data, available in the
literature sources, concerning the sampling plan
[13, 14].

The table also contains the quercetin ratios to
total flavonols (sum of myricetin, quercetin and
kaempferol) determined by HPLC method, and to
total flavonoids determined by a colorimetric
method, expressed in percents (%).The results
shown in Table 2 revealed that the data obtained by
HPLC analytical methods were normally lower
than those provided by non-specific colorimetric
spectrophotometry and, in some cases, for example
with sour cherries, only 1% of the total flavonoids
were on the account of the flavonol quercetin. This
could be explained by the fact that the total
flavonoids assay reported also other classes of
phenolic compounds which, in fruits, were most
frequently anthocyanins, catechins and their forms
associated with gallic acid.

In all cases it should be taken into account that it
was possible that the colorimetric method for
analysis of total flavonoids and other phenolic
compounds, and even some tannins would provide
positive results. That was the cause for the
inclusion in data bases for flavonoid content in
foods only of results from chromatographic
quantitative analysis.

The results showed that most often quercetin
was the major flavonol representative and in many
fruit samples it was the only representative of this
flavonoids class. Generally the content of the other
two flavonols representatives - myricetin and

Table 2. Quercetin content in fruits and ratios to total
flavonols and total flavonoids

Quercetin/ Quercetin/

Eruit Quercetin - Total Total
mg/100g Flavonols Flavonoids?
% %

Apple, red (peeled) 0.0 0.0 0.0
Apple, red (unpeeled) 1.59 100.0 3.0
Apple, green (peeled) 0.0 0.0 0.0
Apple, green (unpeeled)  1.39 100.0 1.0
Blackberry 2.70 84.4 5.0
Blueberry 9.92 72.9 5.0
Cherry 2.52 100.0 13.0
Fig 0.87 100.0 4.0
Grape, black 2.32 91.3 3.0
Grape, white 1.56 85.7 4.0
Peach 341 100.0 23.0
Pear (peeled) 0.0 0.0 0.0
Pear (unpeeled) 0.59 100.0 1.0
Plum 2.34 100.0 2.0
Raspberry 1.60 100.0 6.0
Sour cherry 1.08 100.0 1.0
Strawberry 1.02 44.0 1.0

Total flavonols as sum of myricetin, quercetin and
kaempferol, determined by HPLC analysis;

2 Total Flavonoids, determined by AICIs colorimetric assay
and expressed as mg catechin equivalents CE/100g fresh
weight; determined by HPLC methods and expressed as
mg/100 g fresh weight

kaempferol - was very small and was detected only
in samples of grapes, blackberries and blueberries.

There was, though, a notable exception of the
general rule — in strawberries quercetin was only
44.0% of the total flavonols that once again
emphasized the need of a complex approach to
analysis of data for flavonoids content.

The data also showed that the highest ratio
quercetin/total flavonoids belonged to peaches —
23%, followed by cherries — 13.0% and raspberries
- 6.0%.

The results for quercetin content in samples of
Bulgarian vegetables, presented in mg/100 g fresh
weight as well as the ratio quercetin/total flavonols
and quercetin/total flavonoids (%) were listed in
Table 3.

It is obvious that quercetin is the main flavonol
in Bulgarian vegetables. Our previous studies have
shown that myricetin was not detected in vegetable
samples and kaempferol did not exceed amounts of
0.8 mg/100 g. In this sense quercetin ratio to total
flavonoids in vegetables was not a surprise and the
results were equal or close to 100 % in many of the
tested samples. An interesting exception, though,
were the results of the representatives of the
Cruciferae family — broccoli and Brussels sprouts.
Only those two vegetable species had a very high
quercetin to total flavonoids ratio, reaching up to
almost 50% in Brussels sprouts.
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Table 3. Content of quercetin in Bulgarian
vegetables and its ratio to total flavonols and total
flavonoids

Quercetin/  Quercetin/
Quercetin  Total Total
Vegetable mg/100g Flavonols! Flavonoids?,
% %
Okra 20.03 100.0 41.0
Tomato 1.42 88.2 11.0
Red pepper 1.49 100.0 11.0
Green pepper 10.27 100.0 37.0
Lettuce 15.39 100.0 16.0
Brussels sprouts  2.63 49.8 8.0
Broccoli 2.94 36.6 16.0
Red onion 45.25 100.0 (241.9)
White onion 20.41 100.0 -
Spring onion 10.32 87.60 65.0
Leek 0.0 0.0 0.0
Beans green 2.13 100.0 52.0
Beans yellow 2.29 100.0 28.0

Total flavonols as a sum of myricetin, quercetin and
kaempferol, determined by HPLC analysis;

2Total Flavonoids, determined by AICIz colorimetric assay and
expressed as mg catechin equivalents CE/100g fresh weight;
determined by HPLC methods and expressed as mg/100 g fresh
weight

The results for quercetin content and its ratio to
total flavonols in samples of representatives of the
family Liliaceae — leeks, spring, red and white
onions showed that quercetin was not detected in
leeks which complied with literature evidence [15].
The data for spring and mature onions were
interesting, demonstrating the importance of
botanical maturity for the quercetin/flavonols ratio
in vegetables. For example, in fresh spring onions
guercetin was 87.6 %, while in the mature white
and red onions it was 100% of the studied amount
of total flavonols. In this group of samples the
results for the ratio quercetin/total flavonoids was
also interesting. It was established that in spring
onions quercetin accounted for 65% of all
flavonoids — the highest determined value.
Unfortunately we could not provide data for
guercetin/total flavonoids ratio in white onions as
total flavonoids were not determined for those
samples. The results for red onions were startling —
formally they were 241.9%, which was an unreal
value. That was the only sample we tested where
guercetin, determined by HPLC methods exceeded
the total amount of flavonoids, determined by
spectrophotometry. This result could be explained
by the excessively high biological variation of
flavonoids in food samples or by an analytical
mistake in the determination of high amounts of
total flavonoids by spectrophotometric methods.
This once again supports the importance of a good
sampling plan and assessment of the data quality

and emphasizes on critical interpretation of results
obtained from analysis of single food samples.

The importance of the presented quercetin/total
flavonoids ratios to the greatest extent was outlined
by the results for green and yellow beans. The data
showed that, while quercetin content in the two
types of foods was very close, its percentage rate in
green beans was about two times higher than that in
yellow beans.

CONCLUSION

The rich plant biodiversity requires a broad
spectrum of indicators for its identification. The
analysis implemented in this survey showed that the
inclusion  of  ratios  between individual
representatives of the flavonols group provided a
more comprehensive and reliable assessment of the
flavonols representation in the target plant species
and could predict a value for their bioactivity that
was closer to the real one. The completion of the
data for composition and content of flavonoids with
their ratios values will enable more correct
identification of the biodiversity and compensation,
though to a certain extent, for the effect of
biological variation on the accuracy of the analysis
and will enrich the information necessary for
building up data bases for flavonoids in foods.
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CbABPXAHUE HA KBEPLHIETVH 1 CbOTHOIUEHUATA MY KbM OBILIUTE
OJIABOHOJIN 1 OBIIUTE ®JIABOHOKU/IN B BBJI'APCKH IIDIOJOBE U 3EJIEHY YL
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draBoHOMIHUTE, KaTO OMOAKTHBHHM CHEIUHEHUS B PACTUTEIHHUTE XpaHH, ca OOCKT Ha rojsaMm Opol micmensanus. C
MOIIIHATA CH aHTHOKCH/IAHTHA aKTHBHOCT KBEPIETHHBT € BbB (DOKyca Ha M3CIIEABAHUATA BBPXY HICHTU(DHUIHPAHETO HA
PAcCTUTEHUTE BUIOBE U POJIATa My B 3IPaBOCIOBHOTO XpaHeHe. B nmreparypara mma pasHooOpasHa MHGpOpMAaIus
OTHOCHO CHIBPKAHHETO MY B PA3IMYHHATE BUIOBE PACTEHHS, HO IOYTH HAMA JAHHHU 3a CHOTHOIUCHHUATA MY C APYTH
npencTaBuTeNH Ha (GuaBoHouaute. Llenta Ha HacToAIMA Hperiieq € xa ce chbepe HHGOpPMaUUs OTHOCHO aHAIM3a Ha
KBEPLETHH, ChIBPKAHHETO My KAaTO OCHOBEH IPEICTaBUTEN Ha (DIaBOHONUTE M CHOTHOIICHHETO MY KBbM OOLIHTE
(1aBOHONH, M3pa3eHU KATO CyMa OT MHUPHWIETHH, KBEPLUETHH M KeMIihepos, KakTo M KbM o0mure (raBoHOWIN B
OBIrapcKH TUIOJI0BE U 3eNIeHUyLH. B mperiena ca BkiIroueH: mpobu ot 17 miomose u 13 3eneHuyd, B3€TH B ChIIIacHe
ChC ChBPEMECHHHTE U3HCKBAHUS 3a MPOOOIIOArOTOBKA C OIJIE] OL[CHKA Ha ChCTaBa UM. AHAIU3BT HA KBEPLETHH U IPYTH
(y1aBOHONIM € M3BBPIIEH C BUCOKOS(EKTHBHA TeYHa XpoMaTorpadusi; TOTAIHOTO ChABPXKAaHUE Ha (HIAaBOHOMIM €
OIIPEJEICHO Ype3 KOJIOPUMETPHYEH METOA C alyMHUHHEB xyopuj. OmpeaencHo € ChAbPKAHHETO Ha KBEPLETHH B
IUIOJIOBE M 3€JICHYYIM M CHOTHOLIEHHETO MY KbM oOmuTe (uaBoHONM M obmmre (iaaBonouau. [lokasaHo e, ue
KBEPILIETHHBT € OCHOBHUSAT MPEACTABUTEI HA (DIABOHONUTE B MOBEYETO OT U3CICABAHUTE MPpoOH. iMa eTHO HHHTEPECHO
W3KIIIOUCHUE TIpH npencraBuTenuTe Ha ceM. Cruciferae — Opokonn U OpIOKCENCKO 3eje, KbIETO CHOTHOLICHHETO Ha
KBEPLETHH KbM 00LIUTE (DIIABOHOMAM € MHOTO BUCOKO — oyt 50%. B mionoBere, HanpuMep B ATOHUTE, KBEPLUETUHBT
e camo 44% ot obwmure ¢raBoHOMM. OT MONXYYCHUTE PE3YNITATH CIIENBA, Y€ € Hy)KEH KOMIUIEKCEH ITOX0 IPU aHAIH3a
Ha JaHHUTE 33 ChABPKAHUETO Ha (1aBoHOMIH. [lOIBIBAHETO HA JaHHUTE 33 ChCTaBa U ChIBPIKAHMETO Ha (DIaBOHOUIH
¢ JIaHHU 32 TEXHUTE CHOTHOLICHUS ILE JaJie BB3AMOXKHOCT 3a I0-KOPEKTHA WACHTH(UKALUS Ha OHOpa3HOOOpa3ueTo, 3a
KOMIICHCAIlMs, MaKap W 4acTHYHA, Ha BIUSHHETO HA OMOJIOrMYHATA BapHalys BHPXY TOYHOCTTA HAa aHaiW3a U LIe
oOoratu nHpopMalusaTa, He0OXO0IMMa 32 Ch3/laBaHe Ha 0a3a JaHHU 32 (HIIABOHOUIN B XPaHH.
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