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positively weighted by the second function while Centen- 
nial, which was rated better by the sensory panel, had more 
of the volatiles that were negatively weighted. These data 
suggest that volatiles 17,22,9,3, and 7 contribute to good 
sweet potato flavor while excess amounts of 5,18,12,19, 
26, 14, and 2 may cause undesirable flavor. Volatiles 25, 
4, 21, and 13, which are negatively weighted in the first 
function and positively weighted in the second function, 
may either increase or decrease flavor while increased 
amounts of 8, 20, and 24, which change from positive to 
negative, would probably detract from flavor because of 
the greater importance of the first function. 

Lack of association with either a good- or a bad-flavored 
cultivar does not mean that a compound is not important 
to sweet potato flavor. If a compound that is very im- 
portant to sweet potato flavor is present in adequate 
amounts in all sweet potatoes, there would be no correla- 
tion with sensory score and the amount of that compound. 
Some compounds that were correlated with sensory flavor 
scores may not contribute much but may be incidentally 
present with other compounds that do. If the unidentified 
components of sweet potato aroma can be identified, a few 
of the 27 constituents might be blended to produce good 
sweet potato flavor. Such a step would simplify both 
classification of cultivars by aroma profiles and selection 
of better flavored cultivars by chemical analysis. The 
quality of sweet potatoes is genetically controlled (Con- 
stantin et al., 1966). Many volatiles associated with the 
aroma of baked sweet potato are probably not present in 
raw sweet potatoes but are formed by baking. I t  is prob- 
able that the precursors of desirable aroma are genetically 
controlled and the amounts might be manipulated by 
breeding to improve the flavor of sweet potato. This study 
suggests the possibility of specifying baked sweet potato 
aroma on the basis of a few volatile compounds, thus en- 
abling selection of cultivars on the basis of specific chemical 
content in an attempt to improve sweet potato flavor. I t  
may also enable marketing and procurement of sweet 
potatoes with objectively stated flavor characteristics. 
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Distribution of Quercetin and Kaempferol in Lettuce, Kale, Chive, Garlic Chive, 
Leek, Horseradish, Red Radish, and Red Cabbage Tissues 

Alexander Bilyk* and Gerald M. Sapers 

The quercetin and kaempferol contents of 13 varieties of lettuce were determined. Leaf lettuce varieties 
contained 2-54 mg of quercetinlkg, while head lettuce varieties contained 1-28 mg/kg, more in the outer 
leaves than in the inner leaves. These samples also contained 0-2 mg of kaempferol/kg. Chives contained 
55 mg of kaempferol and 9 mg of quercetin per kg in green portions and lesser amounts in white portions, 
while leek contained 20 mg of kaempferollkg in green portions and no detectable quercetin in either 
portion. Two varieties of kale contained 7-20 mg of quercetin and 13-30 mg of kaempferol per kg. Other 
vegetables examined contained lesser amounts of these flavonols. No myricetin was detected in these 
samples. 

Certain flavonols that are widely distributed in fruits 
and vegetables (Herrmann, 1976) have been shown to be 

mutagenic by the Ames test (Bjeldanes and Chang, 1977; 
Hardigree and Epler, 1978; MacGregor and Jurd, 1978) as 
well as by other assays for mutagenicity (Meltz and 
MacGregor, 1981; Watson, 1982). Evidence for the car- 
cinogenicity of the mutagenic flavonols has been obtained 
by Pamukcu et al. (1980) and Hatcher et al. (1983) but not 
by Fukuoka et al. (1980), Morino et al. (1982), or Taka- 
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nashi et al. (1983). The mutagenicity of flavonoids has 
been reviewed by Brown (1980) and Horowitz (1981). 

Because of the possibility that mutagenic flavonols 
might have adverse effects on human health and that as 
a consequence, information on important dietary sources 
of these compounds would he useful, we have investigated 
varietal differences in the distribution of quercetin, ka- 
empferol, and myricetin in various fruits and vegetables 
consumed in the United States and reported to contain 
high concentrations of these compounds. Previously, we 
reported that several varieties of sweet Spanish onions 
contained greater concentrations of quercetin than did 
other varieties of onions examined (Bilyk et al., 1984). In 
the present study, we report varietal differences in the 
distribution of quercetin and kaempferol in the edible 
portions of various flavonol-rich vegetables. 

EXPERIMENTAL SECTION 
Lettuce, kale, chive, and garlic chive samples were oh- 

tained from the experiment station of the W. Atlee Burpee 
Co. in Doylestom, PA. Four varieties of leaf lettuce were 
examined whole: Crispy Sweet, Green Ice, Ruby, and 
Salad Bowl. Samples of five head lettuce varieties (Au- 
gusta, Buttercrunch, Minneto, Summer Bibb, and Tom 
Thumb) were separated into outer leaf, inner leaf, and 
apical leaf portions, each of which was examined individ- 
ually. Samples of Barcarolle, Burpee Bihh, Fordhook, and 
Paris White head lettuce were examined without separa- 
tion. Two varieties of kale, Dwarf Siberian and Vatm Blue 
Curled Dwarf, were examined whole. Chives and garlic 
chives were separated into green and white portions before 
analysis. In addition, samples of horseradish, leek, red 
cabbage, and red radish (varieties not known) were ob- 
tained from local food stores. The leeks were subdivided 
into green and white portions while the other vegetables 
were examined whole. 

Flavonol isolation, purification, identification, and 
quantitation were performed according to procedures de- 
scribed previously (Bilyk et al., 1984). The chopped veg- 
etable samples were extracted with absolute methanol at  
a 1:5 ratio (fresh weight/volume). Extracts were treated 
with activated carbon to remove chlorophyll and waxy 
materials. After solvent removal, the extracted flavonol 
glycosides were hydrolyzed to aglycons with 2 N HCI. 
Aglycons were separated by thin-layer chromatography 
(TLC) on silica gel plates with benzene-pyridine-formic 
acid (652510) as the developing solvent and by reverse- 
phase high-performance liquid chromatography (HPLC) 
on an octadecyl bonded silica packing with methanol- 
water-acetic acid (50428) as the mobile phase. Quanti- 
tative analyses for quercetin and kaempferol in vegetable 
extracts were performed in triplicate by HPLC, using 
purified flavonols as external standards. The standards 
were prepared from quercetin and kaempferol (Sigma 
Chemical Co., St Louis, MO) by preparative TLC as de- 
scribed above, extraction of the separated bands with 
methanol, fdtration, and evaporation of the solvent at room 
temperature in vacuo. The standards were more than 99% 
pure by HPLC analysis. Calibration was carried out 
weekly or whenever a column was replaced by analysis in 
duplicate or triplicate of 10 pL of standard solution con- 
taining 0.05% each of freshly purified quercetin and ka- 
empferol in methanol. Flavonol recovery was determined 
by 'spiking" methanolic extracts of chopped lettuce with 
quercetin and rutin and measuring losses during carbon 
treatment, solvent removal, acid hydrolysis, and hydroly- 
sate extraction by HPLC analysis. The completeness of 
the extraction procedures was confirmed independently 
by HPLC analysis of successive extracts of vegetable 
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Figure 1. TLC separation of quercetin (Qu) and kaempferol (K) 
in extracts of Vates Blue Curled Dwarf kale (A), chives (B), and 
Ruby lettuce (C). 

Table I. Quercetin and Kaempferol Contents of Leaf 
Lettuce Varieties 

flavonol content. mg/kg of 
fresh wt' 

variety quercetin kaempferol 
Crisnv Sweet 2 j: 0.13 ND 
Gre& lee 54 + 0.32 ND 
Ruby 31 + 0.39 2 0.41 
Salad Bowl 10 + 0.35 ND 

'Mean for triplicate determinations * standard deviation: ND = 
not detectable. 

samples and hydrolysates. UV absorption spectra were 
obtained with methanol solutions of separated TLC hands 
and standards. 

RESULTS AND DISCUSSION 
Quercetin and kaempferol but not myricetin were de- 

tected in extracts of the vegetables examined in this study. 
Identifications were based on comparisons of TLC R, 
values (Figure l ) ,  HPLC retention times, and UV ab- 
sorption spectra for unknowns and standards, as described 
previously (Bilyk et  al., 1984). Variability in HPLC re- 
tention times, due to column aging and variation in 
chromatographic conditions, was small, typical retention 
time values for quercetin and kaempferol (means of 14 
successive calibration runs) being 7.52 f 0.13 and 11.04 
f 0.28 min, respectively. Coefficients of variation for the 
calibration factors used in flavonol quantitation (deter- 
mined for 14 successive calibration runs) were 20.4% and 
16.5% for quercetin and kaempferol, respectively. Spiking 
experiments demonstrated that the recovery of quercetin, 
added to the lettuce extract as the aglycon or as rutin and 
carried through the analytical procedure was quantitative, 
losses being less than 2%. 

Samples of representative leaf and head lettuce varieties 
contained as much as 54 mg of quercetin/kg of fresh 
weight but only traces ( 2 2  mg/kg) of kaempferol (Tables 
I and 11). Varietal differences were great, the quercetin 
content of leaf lettuce varying between 2 and 54 mg/kg 
for four varieties of leaf lettuce and between 0 and 28 
mg/kg for nine varieties of head lettuce. With the latter, 
more quercetin was found in the outer and apical leaves 
than in the inner leaves. Our values for the quercetin and 
kaempferol contents of lettuce varieties available in the 
United States were lower than the quantities reported 
previously by Woldecke and Herrmann (1974) for three 
European varieties, i.e., 31,98, and 276 mg of quercetin/kg 
for Blanco, Apollo, and Valentine varieties, respectively. 
These varieties also contained more quercetin in the outer 
leaves than in the inner leaves and much more quercetin 
than kaempferol. It should be pointed out that our method 
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Table 11. Quercetin and Kaempferol Contents of Head 
Lettuce Varieties 

flavonol content, mg/kg 
of fresh wtb 

varietv portion" auercetin kaempferol 
Augusta A (37.9) ND ND 

B (25.2) ND ND 
C (36.9) ND <1 f 0.00 

Buttercrunch A (30.6) 2 f 0.08 1 f 0.03 
B (35.5) ND < f 0.13 
C (33.9) <1 f 0.05 ND 

Minneto A (28.9) 1 f 0.26 2 f 0.31 
B (35.4) ND <1 f 0.02 
C (35.6) ND ND 

B (31.1) 2 f 0.02 ND 
C (32.9) 8 f 0.09 ND 

Tom Thumb A (40.7) 38 f 0.46 ND 
B (39.8) 9 f 0.65 ND 
C (19.4) 1 2  f 0.75 ND 

Barcarolle whole 9 f 0.48 ND 
Burpee Bibb whole 28 f 0.33 ND 
Fordhook whole 17 h 0.18 ND 
Paris White whole 1 f 0.43 ND 

Summer Bibb A (36.0) 10 f 0.02 1 f 0.04 

"A = outer leaves; B = inner leaves; C = apical leaves. Values in 
parentheses are percentages by weight. bMean for triplicate de- 
terminations f standard deviation; ND = not detectable. 

of flavonol determination was based on separation by 
HPLC, while Woldecke and Herrmann carried out pho- 
tometric analyses of bands separated by TLC (Wildanger 
and Herrmann, 1973a). This procedural difference as well 
as the characteristics of the varieties examined may explain 
the difference between our results and those reported by 
Herrmann and co-workers. 

Quantities of quercetin and kaempferol found in samples 
of chives, garlic chives, leek, red cabbage, horseradish, and 
red radish and in two varieties of kale are given in Table 
111. These vegetables generally contained more kaemp- 
ferol than quercetin. With both chives and leek, we found 
higher flavonol levels in the green leaves than in the white 
leaf portion. Starke and Herrmann (1976) also reported 
more kaempferol than quercetin in leek, flavonol contents 
being greater in green leaves than in white leaves and in 
outer leaves than in inner leaves. However, in contrast to 
our results they reported more quercetin than kaempferol 
in chives. Both quercetin and kaempferol were present 
in kale leaves, Dwarf Siberian containing more of the latter 
flavonol and Vates Blue Curled Dwarf containing more of 
the former. Herrmann (1976) reported more kaempferol 
than quercetin in a German variety of kale, "Halbhoher 
griiner extra-krauser". Quercetin and kaempferol levels 
reported in this study generally were less than those found 
by Herrmann and co-workers (Wildanger and Herrmann, 
1973b; Eloesser and Herrmann, 1975; Starke and Herrm- 
ann, 1976). 

Van der Hoeven et al. (1983) detected mutagenic prop- 
erties in extracts of lettuce and other vegetables by means 
of the Ames test. They reported a 7-fold difference in 
mutagenic response among the five varieties compared. 
Whether such mutagenic responses are relevant to human 
health remains to be seen. Horowitz (1981) considers the 
risks associated with flavonol ingestion to be minimal. 
Our results suggest that a large reduction in the quer- 

cetin content of leaf and head lettuce could be achieved 
by breeding, should such a goal become desirable. Any 
effort in this direction should include an assessment of 
maturation and environmental effects on the flavonol 
composition of the commodity in question. 

Table 111. Quercetin and Kaempferol Contents of Various 
Vegetables 

flavonol content,* 
mg/kg of fresh wt 

kaemp- 
vegetable portion" auercetin ferol 

chive green (50.0) 9 f 0.42 55 f 0.52 
white (50.0) ND 16 i 0.10 

garlic chive green (31.0) 4 f 0.02 6 f 0.02 
white (69.0) ND 28 f 0.21 

white (67.9) ND ND 
leek green (32.1) ND 20 f 0.01 

kale, Dwarf Siberian whole 7 f 0.05 30 f 0.08 
kale, Vates Blue whole 20 f 0.44 13 f 0.16 

red cabbage whole 2 f 0.09 ND 
horseradish whole ND 6 f 0.01 
red radish whole ND 4 f 0.62 

"Values in parentheses are percentages by weight. bMean for 
triplicate determinations f standard deviation; ND = not detect- 
able. 

Curled Dwarf 
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