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SUMMARY. Because of potential ben-
efi ts on human health, the content of 
quercetin, the major fl avonol found in 
onion (Allium cepa), could become a 
selection trait in breeding programs. 
Total fl avonol concentration in onion 
was examined by spectrophotometric 
analysis at 374 nm in three long-day 
hybrid cultivars grown at three loca-
tions (Parma, Idaho; Grand Rapids, 
Mich; Elba, N.Y.), and in three short-
day hybrid cultivars grown at one 
location in Georgia in three different 
fi elds. Mean total fl avonol concentra-
tions for long-day hybrids ranged 
from 176 to 232 mg·kg–1 (ppm) fresh 
weight and 110 to 173 mg·kg–1 fresh 
weight among short-day cultivars. 
No signifi cant effect of location (state 
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or fi eld) was detected (P > 0.05). 
A signifi cant (P > 0.05) cultivar by 
fi eld interaction was detected in the 
short-day experiment, with the hybrid 
‘Sweet Vidalia’ showing signifi cant 
differences among fi elds. Overall, 
our results suggest that quercetin 
content in onion, as expressed by the 
total fl avonol content, does not vary 
depending on the growing origin, and 
therefore could be evaluated effective-
ly in breeding or commercial material.

Flavonoids are a specifi c class of 
phenolic phytochemicals repre-
sented by over 5000 compounds, 

which are subdivided into 13 categories 
including anthocyanidins, catechins, 
and fl avonols (Croft, 1998; Gennaro et 
al., 2002). In regards to human health, 
the fl avonol quercetin has received 
much attention. Quercetin has been 
reported to reduce the risk of devel-
oping cardiovascular disease (Hertog 
and Hollman, 1996; Keli et al., 1996; 
Knekt et al., 1996) and certain types of 
cancer (Knekt et al., 1997; Leighton et 
al., 1992;). Health benefi ts of quercetin 
have been attributed largely to reported 
antioxidant properties and the ability 
to scavenge free radicals (Gennaro et 
al., 2002; Rock et al., 1996; Vinson, 
1998). 

Onion possesses phytochemicals 
with health benefi ts beyond nutrition, 
promoting interest in the relationship 
between food and well-being (Gold-
man, 2003). In onion, the preponder-
ant fl avonols are glucose derivates of 
quercetin: quercetin-3,4´-O-diglu-
coside and quercetin 4´-O-glucoside 
(Leighton et al., 1992; Lombard et al., 
2002; Price and Rhodes, 1997). Onion 
ranked highest for quercetin concen-
tration (347 mg·kg–1 fresh weight) 
in a survey of 28 vegetables and nine 
fruits (Hertog et al., 1992). Patil et al. 
(1995a) found quercetin content high-
est in red and yellow onions, ranging 
from 54 to 286 and from 117 to 202 
mg·kg–1 fresh weight respectively, to 
virtually nondetectable in white onions 
(<1 mg·kg–1 fresh weight). Within the 
edible part of the bulb, quercetin is 

found in greater concentrations toward 
the outer portion: 0.64 to 72 mg·kg–1 
fresh weight in the innermost rings, 1 to 
101 mg·kg–1 fresh weight in the middle 
5–6 rings, and 1 to 324 mg·kg–1 fresh 
weight in the outer 1–3 rings (Bilyk et 
al., 1984; Patil and Pike, 1995). Ad-
ditionally, Hirota et al. (1998) found 
higher quercetin concentrations at the 
top of bulbs than in middle and basal 
portions.

Due to the potential health ben-
efi ts of quercetin, its importance in 
onion, and variability within cultivar, 
quercetin could become a selection 
trait in onion breeding programs. For 
this reason, it is important to under-
stand how environmental, edaphic, 
or geographic factors may infl uence 
the phenotypic expression of quer-
cetin concentrations. In the fi rst of 
two experiments, Patil et al. (1995b) 
observed signifi cant differences in 
quercetin concentrations in four out 
of seven onion genotypes (‘1607B’, 
‘1613B’, ‘1627B’, and ‘Texas Grano 
502’) grown at two locations 3.2 km (2 
miles) apart. However, in their second 
experiment, they reported that ‘Texas 
Grano 1015Y’ onion grown on two 
different soil types within the same fi eld 
(sandy loam and clay) showed similar 
quercetin content when measured at 
different maturity stages, and con-
cluded that soil type posed less of an 
environmental infl uence on quercetin 
concentration than did location.

In this study, we assessed the 
degree to which quercetin content 
(refl ected by total fl avonol content) 
in onion is affected by the growing 
location. We performed a preliminary 
survey of: 1) three long-day cultivars 
grown in Idaho, Michigan, and New 
York; and 2) three short-day cultivars 
grown in three locations in Georgia.

Materials and methods 
Three yellow, long-day, hard 

globe experimental hybrid onion 
cultivars (10734, 10761, and 11391) 
were grown in each of three locations: 
Parma, Idaho; Grand Rapids, Mich.; 
and Elba, N.Y. According to the Ameri-
can Horticultural Society (AHS) Heat 
Zone Map (Cathey, 1997), Parma is 
in zones 6–7, receiving 45–90 average 
d/year above 30 °C (86.0 °F), while 
Grand Rapids, Mich., and Elba, N.Y., 
are in zone 4, receiving 14–30 aver-
age d/year above 30 °C. Soil types 
were broadly classifi ed for each loca-
tion according to the USDA Natural 
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Resources Conservation Service 
(NRCS) County Soil Survey Maps as 
silt loam soil for Idaho and organically 
rich muck soil for Michigan and New 
York. Sowing and harvesting occurred 
in late March and mid-September, 
respectively, for all long-day growing 
locations. A yellow, short-day granex-
type onion cultivar (Sweet Vidalia) and 
two experimental cultivars (1027 and 
1919) were all grown in three separate 
fi elds in the Vidalia growing region of 
Georgia. Soil types are characterized 
as sandy loams according to USDA 
NRCS County Soil Survey Maps. 
This region is classifi ed as zone 9 on 
the AHS Heat Zone Map receiving 
an average of 120–150 d/year above 
30 °C. For both experiments, cultural 
practices followed standard commercial 
onion production. All onions used 
in this experiment were provided by 
Rio Colorado Seed Co. [Bakersfi eld, 
Calif. (now SunSeeds, Parma, Idaho)]. 
Mature onions were harvested and 
sent promptly to our laboratory for 
analysis.

Outermost, inedible portions 
from each bulb were removed. Onions 
were quartered and one, randomly 
selected quarter-section was removed 
and frozen in liquid nitrogen. Using 
a coffee grinder, frozen tissue was 
ground to a fi ne powder. Flavonols 
were extracted from 20 g of ground 
onion powder in 80 mL of 80% ethyl 
alcohol (Patil et al., 1995a) by fi ltering 
twice: fi rst through number 8 (particle 
retention 20–25 µM; Fisher Scientifi c, 
Houston, Texas); then the fi ltrate was 
collected and passed through grade 42 
Whatman fi lter paper (particle reten-
tion 2.5 µM; Clifton, N.J.). Ethanolic 
extracts were vortexed and diluted 10:1 
with 80% ethyl alcohol to a total of 5 
mL for spectrophotometer readings 
(Spectronic Genesys 5 spectropho-
tometer, Waltham, Mass.).

Forms of quercetin represent as 
much as 93% of total fl avonols (Price 
and Rhodes, 1997), and we have 
shown a high correlation (r2 = 0.97; 

P < 0.01) between quercetin concen-
trations by high performance liquid 
chromatography (HPLC) analysis and 
total fl avonol content (TF) obtained by 
spectrophotometer readings (Lombard 
et al., 2002). Therefore, in this study, 
we undertook rapid quercetin quantifi -
cation by spectral analysis as described 
previously (Lombard et al., 2002) with 
the slight modifi cation of monitoring 
at a wavelength of 374 nm.

Total fl avonol quantifi cation for 
each cultivar/location combination 
was performed on an average of 10 
individual bulbs randomly chosen from 
each plot/state, for a total of 90 ob-
servations per experiment. Analysis of 
variance (ANOVA) was performed on 
the results of each experiment based on 
a randomized complete-block design, 
in which the fi rst factor was cultivar and 
the second factor was location (state 
or fi eld). ANOVA was performed with 
SAS (Cary, N.C.) using general linear 
model (Proc GLM). Treatment means 
were separated by Fisher’s protected 
least signifi cant difference test (P < 
0.05).

Results and discussion
EFFECT OF GROWING ENVIRON-

NMENT. Differences in TF content 
were nonsignifi cant among long-day 
onion cultivars and location (Table 1). 
While higher amounts of total fl avonol 
content were observed in onions grown 
in Idaho on silt loam (pooled mean = 
207 mg·kg–1 fresh weight), when com-
pared to onions grown on muck soils 
in Michigan and New York (pooled 

means of 199 and 188 mg·kg–1 fresh 
weight, respectively), these differences 
were nonsignifi cant.

While no signifi cant effect was 
detected for fi eld and cultivar in the 
short-day experiment, a signifi cant fi eld 
× cultivar interaction was found and, 
as such, inferences on pooled means to 
compare the main effect of fi eld could 
not be made. Signifi cant differences in 
TF were observed among fi elds only 
for the short-day cultivar Sweet Vida-
lia (Table 2). ‘Sweet Vidalia’ onions 
from fi eld 2 had the highest TF with a 
mean (±SE) of 187 ± 19 mg·kg–1 fresh 
weight compared to the lowest mean 
concentration of 135 ± 14 mg·kg–1 fresh 
weight in fi eld 3. It remains to be shown 
if particular cultural practices or soil 
type can explain such an effect, shown 
to affect other traits in onions grown 
in Georgia (Randle, 1997). Patil et 
al. (1995b) acknowledged that differ-
ences in planting times could confound 
results in determining if differences in 
quercetin concentrations are the result 
of genotype alone or infl uenced by the 
growing site. This cannot explain why 
‘Sweet Vidalia’ differed in TF between 
fi elds in Georgia, as all ‘Sweet Vidalia’ 
onions were reportedly planted and 
harvested at the same time.

DIFFERENCES BETWEEN SHORT- 
AND LONG-DAY ONIONS. Short-day 
onions had on average lower TF than 
long-day onions (150 and 198 mg·kg–1 
fresh weight, respectively). Confi rmed 
by studies on other yellow onion culti-
vars, this result suggests that long-day 
onions are characterized by higher 

Table 2. Total fl avonol content (TF) of short-day onion cultivars grown in three 
fi elds in the Vidalia area of Georgia.

 Short-day cultivars
 TF [mg·kg–1 (ppm) fresh wt]z Analysis of variance
Location 1027 1919 Sweet Vidalia Source P
Field 1  115 a ± 12.5 153 a ± 17.3 147 ab ± 11.4 Cultivar 0.151
Field 2 109 a ± 18.5 157 a ± 19.5 187 a ± 19.2 Field 0.428
Field 3 173 a ± 29.9 166 a ± 13.7 134 b ± 14.2 Cultivar × fi eld 0.042
zMean ± SE based on 10 bulbs. TF quantifi ed by spectrophotometer absorbing at 374 nm. Means compared in 
columns with the same letter are not signifi cantly different via Fisher’s protected least signifi cant difference test 
(P < 0.05).

Table 1. Total fl avonol content (TF) of long-day onion cultivars grown in Idaho, Michigan, and New York.

 Long-day cultivars
 TF [mg·kg–1 (ppm) fresh wt]z Analysis of variance
Location 10734 10761 11391 Meany Source P
Idaho  197 a ± 10.9 190 a ± 21.2 231 a ± 14.5 206 a ± 9.57 Cultivar 0.223
Michigan 205 a ± 16.2 184 a ± 13.3 207 a ± 29.8 199 a ± 11.86 Location 0.432
New York 201 a ± 18.0 176 a ± 17.3 185 a ± 10.9 187 a ± 8.98 Cultivar × location 0.725
zMean ± SE based on 10 bulbs. TF quantifi ed by spectrophotometer absorbing at 374 nm. Means compared in columns with the same letter are not signifi cantly different via 
Fisher’s protected least signifi cant difference test (P < 0.05).
yPooled means of all cultivars at a location. 
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content of quercetin than short-day 
onions (Bilyk et al., 1984; Lombard et 
al., 2002; Patil et al., 1995a). Bark and 
Havey (1995) suggested that short- 
and long-day onions do not represent 
distinct germplasm, but that long-day 
storage onions are a derivative group 
selected for production at northern 
latitudes. Quercetin content could 
refl ect adaptation to higher latitudes. 
While the reason for this is not clearly 
understood, perhaps the longer pho-
toperiod required for long-day onions 
to mature physiologically results in 
increased exposure to solar ultraviolet 
light and greater promotion of fl avonol 
synthesis (Salisbury and Ross, 1992). 
Additionally, long-day onions are com-
monly grown in regions where cooler 
night temperatures predominate, 
resulting in decreased respiration and 
an increase in net photosynthesis. Shü 
et al. (2001) recently reported that 
anthocyanin content in wax apple 
(Syzygium samarangense) fruit skins 
was enhanced by light yet reduced as 
temperatures rose, and that low tem-
perature favored anthocyanin synthesis. 
Further research is justifi ed.

Variation between bulbs within 
cultivars was observed for both long- 
and short-day experiments regardless 
of location or environment. Similar 
results were observed by Patil et al. 
(1995a). This observation could 
refl ect the genetics of quercetin con-
tent as an unselected trait in onion in 
an otherwise intensely selected crop, 
for which characteristics such as bulb 
shape, size, color, and single centers 
are chosen by breeders (Rabinowitch 
and Brewster, 1990). We addressed the 
issue of variation between bulbs within 
cultivars by increasing the number of 
bulbs sampled per cultivar over what 
other research groups have reported 
as their sample size, stressing the need 
to sample enough bulbs to evaluate a 
cultivar. Further work is also warranted 
on possible environmental effects of 
bulb-within-cultivar variability. The use 
of clones or inbred lines also could be 
useful to answer this question. 

Furthermore, additional study of 
location effect on red- and brown-pig-
mented cultivars should be undertaken 
to confi rm the results of this study. 
Exact soil series classifi cations and 
fertility levels were not determined 
in this study and therefore should be 
investigated in further studies. As a 
beginning study, however, these results 

seem to indicate that quercetin content 
in onions does not vary depending on 
the growing location. 

Conclusion 
Only one of six cultivars showed 

signifi cant differences in total fl avonols 
due to growing location. Long-day 
cultivars showed no signifi cant differ-
ences in total fl avonol concentrations 
despite being grown in three widely 
separated locations. Only one cultivar 
out of three was affected by fi eld lo-
cation in Georgia. Just as the market 
demands uniformity in traits such as 
bulb size, shape, and color, uniformity 
of quercetin concentration will need to 
be considered if the objective is to breed 
onions for increased phytochemical 
value. The results of this initial study 
indicated that quercetin content in 
onions does not vary depending on 
the growing location—whether it is 
between fi elds located very close to one 
another or onions grown in fi elds lo-
cated in different states, with differing 
environmental or edaphic infl uences. 
Through a genetic study, it would 
be useful to evaluate the heritability 
level of this trait, which is important 
if quercetin is to be used as a selection 
criterion by breeders.
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