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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. It 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. It
may also enable marketing and procurement of sweet
potatoes with objectively stated flavor characteristics.

Registry No. Diacetyl, 431-03-8; hexane, 110-54-3; 2,3-pen-

tanedione, 600-14-6; 2-methyltetrahydrofuran-3-one, 3188-00-9;
furfuraldehyde, 98-01-1; xylene, 1330-20-7; isobutyronitrile 2-
pyrone, 78-82-0; 2-furyl methy! ketone, 1192-62-7; benzaldehyde,
100-52-7; 5-methyl-2-furaldehyde, 620-02-0; mesitylene, 25551-13-7;
octanal, 124-13-0; 2-pentylfuran, 3777-69-3; phenylacetaldehyde,
122-78-1; nonanal, 124-19-6; linalool, 78-70-6; decanal, 112-31-2;
B-ionone, 79-77-6; 2-pyrone, 504-31-4.

LITERATURE CITED

Constantin, R. J.; Hernandez, T. P.; Miller, J. C. Proc. Am. Soc.
Hortic. Sci. 1966, 88, 498.

Fitzgerald, F. K. Ecol. Food Nutr. 1976, 5, 107.

Galinat, W. C.; Everett, H. L. Agron. J. 1949, 4, 443.

Giri, N. C. “multivariate statistical inference”; Academic Press:
New York, 1977.

Hamann, D. D.; Miller, N. C.; Purcell, A. E. J. Food Sci. 1980,
45, 992,

Hammett, H. L. “Processing Report”; LA State University: Baton
Rouge, LA, 1980; National Sweet Potato Collaboratores Group
Progress Report.

Hanson, H. L,; Kline, L.; Linweave, H. Food Technol. (Chicago)
1951, 5, 9.

Henry, D. R,; Block, J. H. J. Med. Chem. 1979, 22, 465.

Isphording, W. C.; Flowers, G. C. J. Sediment. Petrol. 1980, 50,
31.

Kays, S. J.; Horvat, R. J., 5th International Symposium of Tropical
Root and Tuber Crops, Lima, Peru, 1973.

Klecka, W. R. “Statistical package for the social sciences”;
McGraw-Hill: New York, 1975; p 435.

Law, J. M. La. Agric. Exp. Stn., Bull. 1977, No. 706.

Marquardt, R. A.; Pearson, A. M,; Larzelere, G. H.; Grieg, W. S.
J. Food Sci. 1963, 28, 421.

Purcell, A. E.; Later, D. W.; Lee, M. L. J. Agric. Food Chem. 1980,
28, 939.

Tiuy, C. S. M.S. Thesis, Department of Food Science and Nutrition,
Brigham Young University, Provo, UT, 1981.

USDA. “Agricultural statistics”; U.S. Printing Office: Washington,
DC, 1979.

Wilson, L. G.; Averre, C. W.; Baird, J. W.; Sorenson, K. A.; Beasley,
E. O.; Skroch, W. A. N.C. Agric. Ext. Serv. Publ. 1980, No.
AG-09.

Received for review February 21, 1984. Revised manuscript
received June 4, 1984. Accepted October 15, 1984.

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 quercetin/kg, 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 kaempferol/kg 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

Eastern Regional Research Center, Agricultural Re-
search Service, U.S. Department of Agriculture, Phila-
delphia, Pennsylvania 19118,

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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Table II. Quercetin and Kaempferol Contents of Head
Lettuce Varieties

Bilyk and Sapers

Table III. Quercetin and Kaempferol Contents of Various
Vegetables :

flavonol content, mg/kg

of fresh wt®
variety portion® quercetin kaempferol
Augusta A (37.9) ND ND
B (25.2) ND ND
C (36.9) ND <1 £ 0.00
Buttercrunch A (30.6) 2 £ 0.08 1+0.03
B (35.5) ND < +0.13
C (33.9) <1 + 0.05 ND
Minneto A (28.9) 1+0.26 2+ 0.31
B (35.4) ND <1 £ 0.02
C (35.8) ND ND
Summer Bibb A (36.0) 10 = 0.02 1+ 0.04
B (31.1) 2 % 0.02 ND
C (32.9) 8 + 0.09 ND
Tom Thumb A (40.7) 38 £ 0.46 ND
B (39.8) 9 + 0.65 ND
C (19.4) 12 £ 0.75 ND
Barcarolle whole 9+ 048 ND
Burpee Bibb whole 28 + 0.33 ND
Fordhook whole 17 £ 0.18 ND

Paris White whole 1+043 ND

@A = outer leaves; B = inner leaves; C = apical leaves. Values in
parentheses are percentages by weight. ®Mean for triplicate de-
terminations + standard deviation; ND = not detectable.

of flavonol determination was based on separation by
HPLC, while Wéldecke 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
ITII. 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
grimner 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.

flavonol content,®

mg/kg of fresh wt
kaemp-
vegetable portion® quercetin ferol
chive green (50.0) 9£042 55+ 0.52
white (50.0) ND 16 = 0.10
garlic chive green (31.0) 4£002 6%0.02
white (69.0) ND 28 £+ 0.21
leek green (32.1) ND 20 + 0.01
white (67.9) ND ND
kale, Dwarf Siberian whole 7 +£0.05 30 £ 0.08
kale, Vates Blue whole 20044 13x0.16
Curled Dwarf
red cabbage whole 2+£0.09 ND
horseradish whole ND 6 + 0.01
red radish whole ND 4+ 062

®Values in parentheses are percentages by weight. ®Mean for
triplicate determinations  standard deviation; ND = not detect-
able.
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Registry No. Quercetin, 117-39-5; kaempferol, 520-18-3.
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