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Studies were conducted on the flavonoids (myr icet in , quercet in , kaempferol, lu teolin , and apigenin)
contents of 62 edible t ropica l plants. The highest tota l flavonoids content was in onion leaves (1497.5
mg/kg quercet in , 391.0 mg/kg lu teolin , and 832.0 mg/kg kaempferol), followed by Semambu leaves
(2041.0 mg/kg), bird chili (1663.0 mg/kg), black tea (1491.0 mg/kg), papaya shoots (1264.0 mg/kg),
and guava (1128.5 mg/kg). The major flavonoid in these plan t ext ract s is quercet in , followed by
myricet in and kaempferol. Luteolin could be detected only in broccoli (74.5 mg/kg dry weight ), green
chili (33.0 mg/kg), bird chili (1035.0 mg/kg), on ion leaves (391.0 mg/kg), belimbi fru it (202.0 mg/kg),
belimbi leaves (464.5 mg/kg), French bean (11.0 mg/kg), car rot (37.5 mg/kg), white radish (9.0 mg/
kg), loca l celery (80.5 mg/kg), limau puru t leaves (30.5 mg/kg), and dr ied asam gelugur (107.5 mg/
kg). Apigenin was found only in Chinese cabbage (187.0 mg/kg), bell pepper (272.0 mg/kg), gar lic
(217.0 mg/kg), belimbi fru it (458.0 mg/kg), French peas (176.0 mg/kg), snake gourd (42.4 mg/kg),
guava (579.0 mg/kg), wolfber ry leaves (547.0 mg/kg), loca l celery (338.5 mg/kg), daun tur i (39.5
mg/kg), and kadok (34.5 mg/kg). In vegetables, quercet in glycosides predomina te, bu t glycosides of
kaempferol, lu teolin , and apigenin are a lso present . Fru it s conta in a lmost exclusively quercet in
glycosides, whereas kaempferol and myr icet in glycosides are found only in t race quant it ies.
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INTRODUCTION

Flavonoids demonst ra te a wide range of biochemica l
and pharmacologica l effect s including ant i-oxida t ion ,
ant i-inflammation, ant i-pla telet , ant i-thrombotic act ion,
and ant i-a llergic effects (1-4). They can inhibit enzymes
such as prostaglandin synthase, lypoxygenase, and
cyclooxygenase, closely rela ted to tumor igenesis (5, 6),
and induce detoxifying enzyme systems such as glu-
ta thione S-transferase (7). Quercet in inhibited oxidat ion
and cytotoxicity of low-density lipoprotein in vit ro (8),
and can reduce r isk for coronary hear t disease or cancer
(9). An in vit ro oxida t ion model showed quercet in ,
myr icet in , and ru t in being more powerfu l an t ioxidants
than the t radit iona l vitamins (10). F lavonols and fla -
vones possess an t ioxidant and free radica l scavenging
act ivity in foods (11), and have significan t vitamin C
sparing act ivity (3), with myricet in being one of the most
act ive (12). In vegetables, quercet in glycosides predomi-
na te, bu t glycosides of kaempferol, lu teolin , and apige-
n in are a lso present . Fru it s a lmost exclusively conta in
quercet in glycosides, whereas kaempferol and myricet in
glycosides are found only in t race quant it ies (13).
F lavonoids are polyphenols with diphenylpropanes

(C6C3C6) skeletons. The four major classes are the 4-oxo-
flavonoids (flavones, flavonols, etc.), anthocyanins, isofla-
vones, and the flavan-3-ol der iva t ives (ca tech in and
tannins) (14). Flavonoids are a large family of over 4000
secondary plan t metabolites, many being present as
sugar conjuga tes. Epidemiologica l studies have indi-
ca ted a rela t ionship between a diet r ich in flavonols and
a reduced incidence of hear t disease (15).

The object ive of th is study was to determine three
major flavonols (kaempferol, quercet in , and myr icet in)
and two major flavones (lu teolin and apigenin) in 62
types of edible t ropica l plan ts.

MATERIALS AND METHODS

Materia ls . Raw mater ia ls used in th is study were belimbi
fru it s (Averrhoa belim bi), belimbi leaves (Averrhoa belim bi),
guava (Psidium guajava), Chinese cabbage (Brassica oleracea),
cabbage (Brassica oleracea), broccoli (Brassica oleracea), cau-
liflower (Brassica oleracea), ka i lan (Brassica alboglabra),
winged bean (Psophocarpus tetragonolobus), F rench beans
(Phaseolus vulgaris), French peas (Pisum sativum ), lady
fingers (Hibiscus esculentus), st r ing beans (Vigna sinensis), bell
pepper (Capsicum annum ), bird chili (Capsicum fru tescens),
green chili (Capsicum annum ), red chili (Capsicum annum ),
carrot (Daucus carota), white radish (Raphanus sativus), gar lic
(Allium sativum ), lemongrass (Cymbopogon citratus), pandan
leaves (Pandanus odorus), semambu leaves (Calamus scipron-
um ), betel leaves (Piper betle), kesom leaves (Polygonum
m inus), Chinese chives leaves (Allium odorum ), on ion leaves
(Allium fistulosum ), drumst ick leaves (Moringa oleifera), wolf-
ber ry leaves (Lycium chinense), limau puru t leaves (Citrus
hystrix), r ed spinach (Amaranthus gangeticus), bayam dur i
(Amaranthus spinosus), kangkung (Ipom oea aquatica), sweet
pota to shoot (Ipom oea batatas), t apioca shoots (Manihot u ti-
lissim a), cashew shoots (Anacardium occidentale), fern shoots
(Diplazium esculen tum ), papaya shoots (Carica papaya), yam
sta lks (Colocasia esculen tum ), cekur manis (S auropus an-
drogynus), daun tur i (S esbania grandifolia), kadok (Piper
sarm entosum ), loca l celery (Apium graveolens), maman
(Gynandropsis gynandra), pegaga (Hydrocotyle asiatica), selom
(Oenanthe javanica), br in ja l (S olanum m elongena), angula r
loofah (Luffa acutangula), pumpkin (Cucurbita m axim a),
sengkuang (Pachyrrhizus erosus), snake gourd (Trichosanthes
anguina), mung bean sprou ts (Phaseolus aureus), soy bean
sprouts (Glycine m ax), min t (Mentha arvensis), oyster mush-
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rooms (Pleurotus sajor-caju ), per ia (Momordica charantia),
peta i (Park ia speciosa), asam gelugur (Garcin ia atrovirid is),
fermented black tea (Cam ellia chinensis), tu rmer ic (Curcum a
longa), pla in ta in flower (Musa sapientum ), and bunga kantan
(Phaeom eria speciosa). All these mater ia ls were obta ined from
the wet market near the University, or direct ly from the plants
on three occasions, and combined to composites pr ior to
ana lysis. All the samples were ana lyzed with in three months
after acquisit ion .
The following chemica ls were used for determina t ion of

flavonoids: methanol HPLC grade and ana la r grade (BDH
Chemica l, Poole, England); hydrochlor ic acid ana la r grade
(BDH Chemica l, Poole, England); t r ifluoroacet ic acid (Fluka
Chemica). Myr icet in , quercet in , kaempferol, lu teolin , and
apigenin standards were purchased from Sigma Chemicals (St .
Louis, MO).
P lan t Extraction and Hydrolys is . Five major food fla -

vonoids, viz quercet in , kaempferol, myr icet in , apigenin , and
luteolin , were determined in dr ied plant samples after ext rac-
t ion and hydrolysis of the flavonoid glycosides. The plants were
cleaned, oven-dr ied a t 40 °C, and ground, and 62.5% aqueous
methanol conta in ing 2 g/L TBHQ was added. To every 20 mL
of aqueous methanol used was added 5 mL of 6M HCl.
Extract ion solut ion thus obtained consisted of 1.2M HCl in 50%
aqueous methanol, v/v. These were carefu lly mixed and
refluxed at 90 °C for 2 h. The extract was cooled, filtered using
a Büchner filt er , made to 50 mL with methanol, and filt ered
again with 0.45 µm Whatman membrane filter before inject ion
in to the HPLC. The ext ract s were kept in a ir t igh t amber
bot t les and stored in the freezer unt il ana lyzed (16).
Analys is of Crude Extract. The resu ltan t flavonoid ag-

lycons were quant ified by using reversed-phase HPLC on a
Nova-Pak C18 (Waters Associa tes, Milford, MA) column (3.9
× 150 mm, 4 µm) using methanol/water (50:50 v/v, pH 2.5 with
t r ifluoroacet ic acid) as mobile phase and UV detect ion (365
nm) a t the flowra te of 1 mL/min . Chromatograms were
compared with the chromatograms of standards to get the
resu lt s. All the determina t ions were car r ied out in duplica te.
Exper imenta l da ta were ana lyzed by the ana lysis of var i-

ance (ANOVA) and the sign ifican t differences among means
were determined by Duncan’s mult iple range test (DMRT)
using the Sta t ist ica l Analysis System (SAS, 1987) comput ing
program (SAS, Cary, NC).

RESULTS AND DISCUSSION

Screen ing of Flavonoid Conten t. The conten ts of
five types of flavonoids, namely myr icet in , quercet in ,
luteolin , kaempferol, and apigenin, in methanol extracts
of 62 Malaysian edible plan ts a re shown in Table 1.
Among the 62 plan t ext ract s tested, a ll the species
showed significan t amounts of flavonoids except sweet
pota to shoots, winged bean , st r ing bean , peta i, per ia ,
bayam dur i, betel leaves, pla in ta in flower , and oyster
mushroom. The resu lt s clear ly indica ted tha t some of
the tested plants were r ich in these natura l ant ioxidant
flavonoids, and the qua lit ies and quant it ies of the
flavonoids in these plan ts seemed to be very differen t
among the kinds of samples used.
The flavonoid conten ts of most of the plan t ext ract s

tested in th is research have not been repor ted in
previous litera ture. Her tog et a l. (17) studied the
flavonoid conten t of methanol ext ract s of 28 vegetables
and 9 fruit s, and they repor ted tha t the quercet in levels
in the edible par t s of most vegetables were genera lly
below 10 mg/kg except for onion (486 mg/kg), ka le (110
mg/kg), broccoli (30 mg/kg), French bean (32-45 mg/
kg) and slicing bean (28-30 mg/kg) (Table 2). The
contents of myricet in , lu teolin , and apigenin were below
the limit of detect ion (<1 mg/kg) except for fresh broad
beans (25 mg myr icet in /kg) and red bell pepper (13-31
mg lu teolin /kg) (Table 2).

The major flavonoid tha t was found in these plan t
ext racts is the flavonol quercet in , followed by myricet in
and kaempferol. Luteolin could be detected only in
broccoli (74.5 mg/kg dry weight ), green chili (33.0 mg/
kg), bird chili (1035.0 mg/kg), on ion leaves (391.0 mg/
kg), belimbi fru it (202.0 mg/kg), belimbi leaves (464.5
mg/kg), French bean (11.0 mg/kg), car rot (37.5 mg/kg),
white radish (9.0 mg/kg), local celery (80.5 mg/kg), limau
puru t leaves (30.5 mg/kg), and dr ied asam gelugur
(107.5 mg/kg). Apigenin was found only in Chinese
cabbage (187.0 mg/kg), bell pepper (272.0 mg/kg), gar lic
(217.0 mg/kg), belimbi fru it (458.0 mg/kg), French peas
(176.0 mg/kg), snake gourd (42.4 mg/kg), guava (579.0
mg/kg), wolfber ry leaves (547.0 mg/kg), loca l celery
(338.5 mg/kg), daun tur i (39.5 mg/kg), and kadok (34.5
mg/kg).
Her tog et a l. (17) repor ted tha t none of the 28

vegetables and 9 fru it s previously tested conta ined
quercet in and lu teolin together . However , 10 of the
samples tested in th is study ( broccoli, green chili, bird
chili, on ion leaves, belimbi leaves, French bean , car rot ,
white radish , limau puru t leaves, and dr ied asam
gelugur) conta ined these two compounds together .
Total Flavonoid Conten t. The highest tota l fla -

vonoids conten t was found in onion leaves, which
conta ined 1497.5 mg/kg quercet in , 391.0 mg/kg luteolin ,
and 832.0 mg/kg kaempferol. Onion leaves, like onions,
have the potency to become the major dieta ry source of
flavonoids. Onion is one of the impor tan t sources of
dietery flavonoids, and it conta ins a range of quercet in ,
isorhamnet in , and kaempferol conjuga tes (18, 19). Se-
mambu leaves (2041.0 mg/kg) showed the second high-
est tota l flavonoids conten t . Semambu leaves have
medicina l and ant isept ic proper t ies (20). Bird chili
(1663.0 mg/kg) showed the th ird h ighest conten t of
flavonoid, followed by black tea (1491.0 mg/kg), papaya
shoots (1264.0 mg/kg), and guava (1128.5 mg/kg).
Only t race quant it ies (less than 100 mg/kg) of tota l

flavonoids could be detected in turmer ic (92.5 mg/kg),
green chili (83.5 mg/kg), soybean sprout (78.5 mg/kg),
snake gourd (73.9 mg/kg), limau puru t leaves (72.0 mg/
kg), white radish (65.0 mg/kg), mint (48.5 mg/kg), selom
(45.5 mg/kg), sengkuang (37.0 mg/kg), red spinach (29.5
mg/kg), and ka ilan (14.5 mg/kg) (Table 1).
Flavonoids in Black Tea. Black tea is an important

dieta ry source of flavonoids. No apigenin or lu teolin
could be detected in black tea . Quercet in was in genera l
the most impor tan t flavonoid found in tea (21). The
black tea sample used in this study conta ined 303.0 mg/
kg myr icet in , 1070.0 mg/kg quercet in , and 118.0 mg/kg
kaempferol. F iesch i et a l. (22) determined the tota l
flavonoid glycoside and aglycon conten ts of differen t
types of black tea infusions using paper chromatography
followed by spect rophotomet r ic measurements. Tota l
flavonoids conten t var ied from 46 to 86 mg/L, and the
conten t of flavonoid aglycons var ied from 0.8 to 1.1 mg/
L. According to Vinson et a l. (10), flavonols found in tea
are the most powerfu l na tura l an t ioxidants and it was
20 t imes more poten t than the best vitamin ascorbic
acid. Tea is considered one of the main dieta ry sources
of flavonoids for adult s in the UK but it s limited use by
young people is declin ing in favor of carbona ted dr inks
and coffee, which are rela t ively low in flavonoids (23).
Unfermented/green tea is especia lly r ich in polyphenol,
flavonols, and ca techins, whereas fermented black tea
conta ins lesser amounts. In black tea infusions, quer -



cet in (10-25 mg/L), kaempferol (7-17 mg/L), and
myr icet in (2-5 mg/L) were detected. Because flavonol
glycosides are not affected by polyphenoloxidase as with
ca tech ins, their conten t in black tea is a t near ly the
same level as in the green leaves. F lavonol glycosides
are one of the most impor tan t groups of polyphenols in
tea . They are of in terest because of their physiologica l
act ivity, in par t icu la r the so-ca lled vitamin P effect
(regula t ion of capillary permeability) and the hyper ten-
sive effect (24).

Flavonoids in Bra ssica spp. Among the five types
of Brassica spp. used in th is study, none of the samples
conta ined kaempferol. The major flavonoids in Brassica
spp. a re myr icet in and quercet in . Three types of fla -
vonoids were found in broccoli (62.5 mg/kg myr icet in ,
60.0 mg/kg quercet in , and 74.5 mg/kg luteolin), and two
were found in Chinese cabbage (31 mg/kg myricet in and
187.0 mg/kg apigenin). In genera l, the va lues found in
th is study are somewhat h igher than va lues repor ted
ear lier by Her tog et a l (17). In their study, none of the

Table 1. Flavonoid Conten t in 62 Malays ian Edible P lan ts
conten t , mg/kg of dry weight a

sample scien t ific name
tota l

flavonoid myr icet in quercet in lu teolin kaempferol apigenin

1 broccoli Brassica oleracea 197.0 62.5 ( 0.06ef 60.0 ( 0.10c 74.5 ( 0.05c ND ND
2 cauliflower Brassica oleracea 219.0 ND 219.0 ( 0.03c ND ND ND
3 cabbage Brassica oleracea 147.5 147.5 ( 0.05ef ND ND ND ND
4 Chinese cabbage Brassica oleracea 218.0 31.0 ( 0.10ef ND ND ND 187.0 ( 0.05bc
5 ka ilan Brassica alboglabra 14.5 ND 14.5 ( 0.03c ND ND ND
6. green chili Capsicum annum 83.5 11.5 ( 0.02f ND 33.0 ( 0.20c 39.0 ( 0.03e ND
7 red chili Capsicum annum 829.0 29.5 ( 0.04ef 799.5 ( 0.03ab ND ND ND
8 bell pepper Capsicum annum 892.0 171.5 ( 0.02ef 448.5 ( 0.05bc ND ND 272.0 ( 0.02b
9 bird chili Capsicum fru tescens 1663.0 236.0( 0.03def 392.0 ( 0.02bc 1035.0 ( 0.03a ND ND
10 Chinese chives Allium odorum 160.0 ND 160.0( 0.03c ND ND ND
11 onion leaves Allium fistu losum 2720.5 ND 1497.5 ( 0.01a 391.0 ( 0.05b 832.0 ( 0.05a ND
12 gar lic Allium sativum 957.0 693.0 ( 0.05ab 47.0 ( 0.01c ND ND 217.0 ( 0.02ab
13 belimbi fru it Averrhoa belim bi 806.0 146.0 ( 0.02ef ND 202.0 ( 0.05bc ND 458.0 ( 0.04a
14 belimbi leaves Averrhoa belim bi 532.0 27.0 ( 0.03ef 40.5 ( 0.05c 464.5 ( 0.05b ND ND
15 yam sta lk Colocasia esculen tum 133.5 133.5 ( 0.05ef ND ND ND ND
16 tapioca shoots Manihot u tilissim a 512.0 ND 512.0 ( 0.07bc ND ND ND
17 sweet pota to shoots Ipom oea batatas ND ND ND ND ND ND
18 papaya shoots Carica papaya 1264.0 ND 811.0 ( 0.06ab ND 453.0 ( 0.07b ND
19 cashew shoots Anacardium occidentale 450.5 188.0 ( 0.01ef 262.5 ( 0.05c ND ND ND
20 fern shoots Diplazium esculen tum 213.0 ND 213.0 ( 0.02c ND ND ND
21 soybean sprout Glycine m ax 78.5 ND 78.5 ( 0.05c ND ND ND
22 mungbean sprout Phaseolus aureus 268.0 60.0 ( 0.02ef 208.0 ( 0.05c ND ND ND
23 lady’s fingers Hibiscus esculen tus 260.0 54.5 ( 0.05ef 205.5 ( 0.05c ND ND ND
24 winged bean Psophocarpus tetragonolobus ND ND ND ND ND ND
25 French bean Phaseolus vulgaris 172.5 47.0 ( 0.04ef 114.5 ( 0.05c 11.0 ( 0.07c ND ND
26 French peas Pisum sativum 361.0 48.5 ( 0.01ef 136.5 ( 0.05c ND ND 176.0 ( 0.01bc
27 st r ing bean Vigna sinensis ND ND ND ND ND ND
28 peta i Park ia speciosa ND ND ND ND ND ND
29 per ia Momordica charantia ND ND ND ND ND ND
30 br in ja l S olanum m elongena 219.5 39.5 ( 0.05ef ND ND 80.0( 0.05cde ND
31 angular loofah Luffa acutangula 675.5 433.5 ( 0.04cd 242.0 ( 0.03c ND ND ND
32 snake gourd Trichosanthes anguina 73.9 31.5 ( 0.05ef ND ND ND 42.4 ( 0.01c
33 pumpkin Cucurbita m axim a 371.0 ND ND ND 371.0( 0.03bc ND
34 sengkuang Pachyrrh izus erosus 37.0 ND ND ND 37.0 ( 0.01e ND
35 guava Psid ium guajava 1128.5 549.5 ( 0.05bc ND ND ND 579.0 ( 0.02a
36 car rot Daucus carota 232.5 ND 55.0 ( 0.05c 37.5 ( 0.05c 140.0 ( 0.06cde ND
37 white radish Raphanus sativus 65.0 ND 17.5 ( 0.05c 9.0 ( 0.07c 38.5 ( 0.05e ND
38 red spinach Amaranthus gangeticus 29.5 ND 29.5 ( 0.05c ND ND ND
39 bayam dur i Amaranthus spinosus ND ND ND ND ND ND
40 Kangkung Ipom oea aquatica 205.0 ND 205.0 ( 0.06 c ND ND ND
41 wolfber ry leaves Lycium chinense 678.5 ND 131.5 ( 0.05c ND ND 547.0 ( 0.07a
42 drumst ick leaves Moringa oleifera 232.5 ND 232.5 ( 0.02c ND ND ND
43 loca l celery Apium graveolens 419.0 ND ND 80.5 ( 0.05c ND 338.5 ( 0.04a
44 limau puru t leaves Citrus hystrix 72.0 ND 41.5 ( 0.05c 30.5 ( 0.05c ND ND
45 daun tur i S esbania grandifolia 306.0 27.0 ( 0.01ef 18.5 ( 0.05c ND 21.0 ( 0.03bcde 39.5 ( 0.04c
46 betel leaves Piper betel ND ND ND ND ND ND
47 pandan leaves Pandanus odorus 123.5 ND 123.5 ( 0.02c ND ND ND
48 lemon grass Cymbopogon citratus 178.0 ND ND ND 178.0 ( 0.07cde ND
49 semambu leaves Calam us scipronum 2041.0 853.0 ( 0.06a 1188.0 ( 0.05a ND ND ND
50 kesom leaves Polygonum m inus 308.5 126.5 ( 0.02ef 182.0 ( 0.07c ND ND ND
51 maman Gynandropsis gynandra 357.5 129.0 ( 0.09ef 228.5 ( 0.03c ND ND ND
52 Kadok Piper sarm entosum 120.5 55.5 ( 0.07ef 30.5 ( 0.06c ND ND 34.5 ( 0.05c
53 cekur manis S auropus androgynus 785.0 ND 461.5 ( 0.05bc ND 323.5 ( 0.01bcd ND
54 selom Oenanthe javanica 45.5 ND 45.5 ( 0.02c ND ND ND
55 pegaga Hydrocotyle asiatica 444.0 ND 423.5 ( 0.07bc ND 20.5 ( 0.05e ND
56 bunga kantan Phaeom eria speciosa 307.0 ND 21.0 ( 0.07c ND 286.0 ( 0.05b ND
57 pla in ta in flower Musa sapien tum ND ND ND ND ND ND
58 asam gelugor Garcin ia atroviridus 292.5 77.0 ( 0.07ef 108.0 ( 0.07c 107.5 ( 0.05c ND ND
59 turmer ic Curcum a longa 92.5 ND 92.5 ( 0.03c ND ND ND
60 mint Mentha arvensis 48.5 ND 48.5 ( 0.08c ND ND ND
61 oyster mushroom Pleurotus sajor-caju ND ND ND ND ND ND
62 black tea Cam ellia chinensis 1491 303.0 ( 0.02de 1070.0 ( 0.09a ND 118.0 ( 0.02ed ND

a Each value is the mean (mg/kg of dry weight ) of two replica t ions ( standard devia t ion ; ND ) not detectable. Means in each column
with simila r let ters a re not sign ifican t ly differen t (R ) 0.05).



flavonoids invest iga ted could be found in the Brassicas
tested except broccoli (30.0 mg/kg quercet in and 72.0
mg/kg kaempferol), ka le (110.0 mg/kg quercet in and
211.0 mg/kg kaempferol), and turn ip tops (7.3 mg/kg
quercet in and 48.0 mg/kg kaempferol). Nielson et al. (25)
found kaempferol and quercet in glycosides present in
cabbage leaves. Mono-, di- and triglycosides of kaempfer-
ol, quercet in, and isorhamnetin also have been identified
from broccoli and other Brassica spp.
Flavonoid in Capsicums. The major flavonoids in

capsicums are myr icet in and quercet in . Quercet in was
not detected in green chili. Bird chili conta ined the
highest level of lu teolin (1035.0 mg/kg) among all the
samples tested. Therefore, consumption of bird chili may
reduce risk of tumorigenesis because luteolin was shown
to be a poten t inh ibitor to enzyme lipoxygenase and
prostaglandin synthetase (12). Conten ts of flavonoids
and other phenolics, including capsaicinoid, in bird chili
vary with fru it matura t ion (26). Bell pepper conta ined
171.5 mg/kg myricet in, 448.5 mg/kg quercet in, and 272.0
mg/kg apigenin . Lee et a l. (27) found tha t a fter acid
hydrolysis, quercet in and lu teolin were the major fla -
vonoids in bell pepper . No lu teolin was detected in the
bell pepper used in th is study.
Capsicums are genera lly spices of commercia l va lue

as they are used in the manufacture of sauces, cur ry
powders, and pickles. They contain capsaicin , a phenolic
compound closely rela ted to vanillin , which gives the
pungency to the capsicums and shows a significan t
an t ioxida t ive effect (28). Sukrasno and Yeoman (26)

found that flavonoids were present as both flavones and
flavonone glycoside conjuga tes in C. fru tescens.
Bell peppers are a good source of vitamins A and C,

which are impor tan t dieta ry ant ioxidants. The major
pepper flavonoids were quercet in and lu teolin , which
were present in conjuga te forms. Lee et a l. (27) found
tha t tota l flavonoids var ied from non detectable to 800
mg/kg after hydrolysis. All yellow pepper fruit contained
high levels of flavonoids. Quercet in was 2-12 t imes
higher than lu teolin in the 12 cult ivars of the peppers
they studied, and lu teolin had the highest an t ioxidant
act ivity,followed by capsa icin and quercet in on an
equiva len t basis.
Flavonoids in Allium Vege table s . Allium veg-

etables (onion leaves, Chinese chives leaves, and gar lic)
conta ined quite h igh levels of flavonoids. The tota l
flavonoids in onion leaves is the highest among all the
samples tested. Garlic contained 639.0 mg/kg myricet in ,
47.0 mg/kg quercet in , and 217.0 mg/kg apigenin . Cao
et a l. (29) found tha t gar lic had the highest an t ioxidant
act ivity against peroxyl radical among the samples they
tested. Only 160.0 mg/kg of quercet in could be detected
in Chinese chives leaves. Allium spp. a re repor ted to
conta in h igh levels of quercet in and it s der iva t ives (16,
18, 30) such as isorhamnet in , which is one of the most
biologica lly act ive and common dieta ry flavonols (31).
Dieta ry in take of the flavonoids quercet in and it s
glycosides ranges between 23 and 500 mg per day
(32, 33).
Leighton et a l. (18) found tha t flavonols levels in the

edible por t ion of Allium vegetables (leeks, sha llot s,
green onions, gar lic, and onions) range from less than
0.03 to 1 g/kg of vegetables. White onions conta ined no
detectable flavonols but 20 cult ivars of yellow and red
onions contained between 60 mg/kg and more than 1000
mg/kg. F lavonols ident ified in onions were 3 quercet in
diglucosides, quercet in 4ʹ-glucoside, quercet in aglycone,
and in some cases, isorhamnet in monoglucosides or
kaempferol monoglucosides.
Flavonoids in Some Locally Consumed P lan ts .

Some of the loca lly consumed plan ts such as semambu
leaves, papaya shoot , cekur manis, tapioca shoot , be-
limbi leaves, cashew shoot , pegaga , maman, kesom
leaves, bunga kantan , and daun tur i a re found to be
r ich in flavonoid conten t .
Piper betel (P iperaceae) leaves are chewed alone or

with other plan t mater ia ls including the areca nut ,
Areca catechu L. (34). Seven phenols were ident ified in
P. betel flowers. Safrole was the major phenol, followed
by hydroxychavicol, eugenol, methyl eugenol, isoeu-
genol, flavone, and quercet in (35).
F lavonoids such as isorhamnet in , hyperoside, and

persicar in were isola ted from Oenanthe javanica (36).
The fruits and leaves of box thorn or Wolfberry leaves

(Lycium chinense, family Solanaceae) have been used
as foods, tea , and medicine in the or ien t . Box thorn
leaves are known to be capable of reducing the r isk of
cer ta in diseases such as ar ter iosclerosis, essent ia l ar te-
r ia l hypertension, diabetes, and nightblindness (37). Box
thorn leaves repor tedly conta in the ant i-aging ascorbic
acid and tocopherols (38). Mizobuchi et a l. (39) repor ted
tha t box thorn leaves conta ined ru t in (1.1-2.7% dry
weight basis), a prevent ive phytochemical for hyper ten-
sion and st roke.
Rhizomes of Curcum a spp., such as C. longa are used

in tradit ional medicine in China, J apan, and southeast -
ern Asia . The rh izomes of C. longa Salisb are a lso used

Table 2. Comparison of Flavonoid Leve ls in Edible
P lan ts Found in the P re sen t Study and Leve ls Reported
in P revious Studie s

sample compound

present
study
(mg/kg)

previous
study
(mg/kg) reference

1. broccoli myr icet in 62.5 NAa NA
quercet in 60.0 30.0 17

6.0 30
0.092 47

lu teolin 74.5 NA NA
kaempferol NDb 72.0 17

30.0 30
2. cauliflower quercet in 219.0 < 1.0 17

30.0 30
kaempferol ND < 2.0 17

270.0 30
3. bell pepper myr icet in 171.5 <1.0 17

quercet in 448.5 NA NA
luteolin ND 13-31 17
apigenin 272.0 NA NA

4. french bean myr icet in 47.0 NA NA
quercet in 114.5 32-45 17
lu teolin 11.0 NA NA
kaempferol ND <2-14 17

5. car rot myr icet in ND <1.0 17
quercet in 55.0 <1.0
lu teolin 37.5 <1.4
kaempferol 140.0 <1.0

6. Chinese cabbage myr icet in 31.0 NA NA
quercet in ND 3.0 30
kaempferol ND 11.0
apigenin 187.0 NA NA

7. black tea myr icet in 303.0 200-500 21
quercet in 1070.0 1000-2500
kaempferol 118.0 700-1700

8. gar lic myr icet in 693.0 NA NA
quercet in 47.0 0.08 47
apigenin 217.0 NA NA

9. soybean sprout quercet in 78.5 0.042 47
a NA ) no data ava ilable. b ND ) non-detectable.



as a yellow color ing addit ive for food because it conta ins
curcuminoids (40).
Sudheesh et a l. (41) found tha t flavonoid ext racted

from the fru it s of S olanum m elongena ora lly adminis-
tered a t a dose of 1 mg/100 g body weight /day showed
hypolidemic act ion in normal and cholesterol-fed ra t s.
Th is provides in format ion on the poten t ia l beneficia l
act ion of flavonoid from br in ja l in normal as well as
cholesterol-fed animals.
Flavonols in the P lan ts Tested . Yoshida et a l. (9)

suggest tha t quercet in is a poten t an t icancer agent in
man. Myricet in , with its three adjacent hydroxyl groups
was one of the most act ive ant ioxidants (12). Myr icet in
is not only a good ant ioxidant , bu t a lso been shown to
be a potent ant icarcinogen and ant imutagen (42). Quer-
cet in is a lso a st rong ant ioxidant tha t can cont r ibu te to
the preven t ion of a therosclerosis (11). Quercet in is a
suppressing chemoprevent ive and chemotherapeut ic
agent tha t can relieve loca l pa in caused by inflamma-
t ion , headache, ora l surgery, and stomach ulcer (1).
Recent ly, quercet in has been shown to reduce the
carcinogenic act ivity of severa l cooked food mutagens,
enhance the ant iprolifera t ive act ivity of an t icancer
agents, and inhibit the growth of t ransformed tumor i-
genic cells (18). Curren t ly, kaempferol is in in terest
because of it s an t ioxidant (10, 12), an t itumor , an t iin -
flammatory, and ant iu lcer act ivity (43), and it s inh ibi-
tory act ivity of HIV protease (44). The flavones had the
poorest an t ioxidant act ivity because of lack of o-dihy-
droxy groups. Kaempferol and it s der iva t ive have been
ident ified in var ious vegetables, fru it s, and beverages
such as French beans (45), on ions (31), t eas (21), and
honey (46).
In general, flavonoid levels reported in this study were

higher than va lues repor ted ear lier by Herrmann (30),
Her tog et a l. (16, 21), and Mizuno et a l. (47) (Table 2).
The procedura l differences of the studies, as well as the
character ist ics of the var iet ies examined, may expla in
th is difference. The thin-layer chromatographic method
with spect rophotometr ic measurement applied by Her-
rmann (30) may lack precision and accuracy. In th is
study only the edible plant parts were analyzed, whereas
Herrmann (30) genera lly ana lyzed the whole plan t .
Discrepancies may also be due to cult ivars or var ieta l
differences. Crozier et a l. (23) found tha t there was
var ia t ion in the levels of quercet in in cher ry tomatoes
purchased a t differen t t imes.The concent ra t ions of
flavones and flavonols, like those of a ll secondary plan t
metabolites, vary with in cer ta in limits and are depend-
ent on a number of factors: for example, growing
condit ion , degree of r ipeness, size of the fru it , and
var iety.
Cao et al. (48) reported that consumption of controlled

diet s h igh in fru it s and vegetables increased signifi-
can t ly the ant ioxidant capacity of plasma, and the
increase could not be expla ined by the increase in the
plasma R-tocopherol or carotenoid concent ra t ion . On a
milligram-per -day basis, the in take of the ant ioxidant
flavonoids st ill exceeds tha t of the ant ioxidant !-caro-
tene and vitamin E. Thus, flavonoids represent an
impor tan t source of an t ioxidant act ivity in the human
diet (33). Supplementat ion of these natural ant ioxidants
through a ba lanced diet could be much more effect ive
and economica l than supplementa t ion of an individua l
an t ioxidant , such as ascorbic acid or R-tocopherol, in
protect ing the body aga inst var ious oxida t ive st resses.

Polyphenols are effect ive hydrogen donors, par t icu-
la r ly flavonols such as quercet in (49). Studies on the
na tura l an t ioxidants flavonoids and phenolics com-
pounds in tempera te edible plants are quite established
(50). These foods include tea , a lliums, tomatoes, let tuce,
and celery (14, 23); apples, 28 vegetables, 9 fruits, cit rus
fru it ju ices such as fresh orange, grapefru it , and lemon
ju ices (21); beer , coffee, chocola te milk, white wine, tea
infusion, and red wine (51, 52); apple juice, tomato juice,
grape ju ice, orange ju ice, grapefru it ju ice and lemon
juice, cauliflower, radish, pea, broccoli, Chinese cabbage,
and car rot (30); sixteen leafy vegetables and fru it s such
as Colocasia, cabbage, and Hibiscus sabdariffa (53);
let tuce, ka le, ch ive, gar lic ch ive, leek, horseradish , red
radish , and red cabbage t issues (54); soybean sprouts,
J apanese radish , grapefru it , and burdock root (47);
cit rus fru it s (30, 55); ju ices of orange, apple, pineapple,
peach , apr icot , pear , and grape (56).
Hermann (30) and Balest ier i et a l. (55) repor ted tha t

cit rus fru it s conta in a lmost exclusively flavanones.
Quercet in was a lso found in some of the cit rus fru it
ju ices such as fresh orange, grapefruit , and lemon juices
(21). F lavanones, flavones, and flavonols are the fla -
vonoids present in cit rus. However , flavones and fla -
vonols were in low concent ra t ion in cit rus t issues in
rela t ionsh ip to flavanones. These types of compounds
have been shown to be powerfu l an t ioxidants and free
radica l scavengers. (57).
Effe ct of Drying Temperature on Flavonoid

Conten t. Phenolic compounds are usua lly suscept ible
to differen t factors (eg., acidic solu t ion and high tem-
pera ture) dur ing the ext ract ion process. Drying a t
tempera tures below 50 °C yields the highest amount of
tota l phenolics (58). Drying a t room tempera ture may
enhance the enzymat ic degrada t ion and thus lower the
amount of phenolics in the samples. Increasing the
tempera ture above 60 °C lowered the phenolic amount
considerably. At h igh tempera tures, cer ta in phenolics
may decompose/combine with the other plan t compo-
nents. Cooking lowered the quercet in conten t of both
tomatoes and onions, with grea ter reduct ion being
detected following microwaving and boiling than after
frying (23). This could be due to flavonoid breakdown
dur ing cooking and/or conjuga ted quercet in being ex-
t racted from the tomato and onion t issues by hot water
more effect ively than with hot oil used in the study.
Pr ice et a l. (59) found tha t there are only lit t le gross
changes in either the overa ll level or the composit ion of
quercet in glucosides dur ing normal commercia l storage.
Boiling and frying do not resu lt in gross changes in
glucosides composit ion , a lthough an overa ll loss of up
to 25% is found for both processes, in the former by
leaching in to the cooking water and in the la t ter by
thermal degrada t ion in to products.
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