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Flavonoids in Baby Spinach (  Spinacia oleracea L.): Changes
during Plant Growth and Storage
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The variation in flavonoid concentration and composition was investigated in baby spinach (Spinacia
oleracea L.) cv. Emilia sown on three occasions, each harvested at three growth stages at 6-day
intervals. After harvest, leaves were stored in polypropylene bags at 2 or 10 °C. Flavonoids were
analyzed by reversed phase HPLC. Twelve flavonoid peaks were detected. The main flavonoid, making
up on average 43% of the total flavonoid concentration, was identified as 5,3',4'-trihydroxy-3-methoxy-
6:7-methylenedioxyflavone-4'-glucuronide. Four other flavonoids each contributed 7—12% of the total
flavonoid content. Total flavonoid content was relatively stable during normal retail storage conditions,
although some of the individual flavonoid compounds showed considerable variation. The youngest
plants had the highest flavonoid concentration, indicating that by harvesting the baby spinach a few
days earlier than the current commercial stage of harvest, the flavonoid concentration in the product
may be increased and the content of potentially health-promoting compounds enhanced.
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INTRODUCTION Spinach is a leafy vegetable that is provided fresh, frozen, or
A diet rich in fruits and vegetables has a positive effect on canned to the consumer. Spinach harvested after a shorter growth
human health, playing a role in the prevention of a number of period than normal is Ca”ed. ba_1by Spina.Ch and is marketed fresh
chronic diseases. This protective effect has been attributed to {asogiggorgglﬁgsr:;sﬁéI;hgysc’)éigrrier:attrlm\:eelgars]?\:‘\:av?/r?/ggg t(q%t)
wide range of compounds present in fruits and vegetables, . . :
including those with antioxidant action, such as ascorbic acid, The Eecommended storage temperature for fresh splnach is close
carotenoids, tocopherols, glutathione, phenolic acids, and fla-t0 0°C (16), although the actual storage temperafure is often
) e L ' e higher (L7). The differences in storage temperature and handlin
vonoids (, 2). Epidemiological research on flavonoids indicated cgnditigng between baby spinachgand frgsh spinach intendegd

that a high dietary intake is associated with a lower risk of f ki th hand. and f d spinach
coronary heart diseas8, ), dementiag), and some forms of o' COOKINgG, 0N € one hand, and Irozen or canned spinach, on
the other, have a considerable impact on product shelf life and

cancer (6). Consequently, the content of flavonoids and other tenti f nutrient d phvtochemicals (18
phytochemicals in fruits and vegetables has been the subject of €t€ntion of nutrients and phytochemicais .( ): .
The postharvest stability of some antioxidant compounds in

much research. X ;
N ._fresh leaves has previously been reported to differ between
The content of flavonoids in vegetables and other plants varies . . .
leaves of different agel@), possibly related to metabolic rates

with factors such as genotype, environmental growing condi- . . i
tions, growth stage, postharvest handling, and storage conditions(zo)' Gil et al. 1) reported the flavonoid content of fresh-cut

(7—9). These factors affect both total flavonoid concentration spinach to be rath er stable during storage...However, we hgve
o L . found no comparisons of postharvest stability of flavonoids in
and the composition of flavonoids in the plant. Environmental

. . ; leaves of different age in the literature.
growing conditions generally vary considerably over the year, . . ! . L
. . . . The aim of this research was to investigate the quantitative
which may result in a fluctuating flavonoid conterg, (L0).

Flavonoid concentration and composition may also change and qualitative variation in flavonoids with sowing time and
during plant growth (11—14). Furthermore, environmental growth stage of baby spinach. In addition, the postharvest

conditions may affect the rate of plant growth and development, stability of baby spinach flavonoids was studied during 9 days
. . . . of storage at different temperatures.
thereby influencing flavonoid content indirectly.

MATERIALS AND METHODS
* Author to whom correspondence should be addressed (telephé&e

40 415376; fax+46 40 462166; e-mail sara.bergquist@vv.slu.se). Plant Material and Field Experiment Design. Spinach cv. Emilia
t Swedish University of Agricultural Sciences. was grown in a commercial production system ifié@, southern

* Danish Institute for Food and Veterinary Research. Sweden (5623'N, 12°43' E). Seeds were sown on three occasions,
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Table 1. Temperature and Light Conditions during Field Growth of aglycones, produced by in-source fragmentation, were further subjected
Baby Spinach at Different Sowing Times? to MS/MS for identification purposes (22). _
Statistical Analysis. The mean of the three laboratory replicates
sowing time within each plot and treatment was calculated before statistical analyses.
parameter Aug 2002 June 2003 July 2003 Data were statistically evaluated using arjalysis of varjance (GLM).
. Tukey's test was used for post-hoc comparisons. All statistical analyses
gﬁwapnegm:rr%z ((°(C:)) ﬁlﬂ s %63;024 ) igg 276 were performed using the statistical software MINITAB 14 (Minitab
u 4-27. .3-24. .2-217. P o
mean photoperiod? (hmin)  15:10 19:44 1658 Inc., State College, PA). A significance level of 5% was used.
photoperiod range (h:min) 13:59-16:23  19:37-19:53  15:44-18:12
mean global radiation 42 5.1 5.0 RESULTS AND DISCUSSION
(Wm~=2day1) . .
total radiation (W m-?) 125 159 153 The total flavonoid content of baby spinach was found to pe
13—-23 mg/g of dry weight in the fresh leaves. Twelve flavonoid
aValues are from sowing until harvest at growth stage Ill.  Civil twilight to civil peaks were detecteéigure 1): peak 1, patuletin-3-glucosyl-
twilight. (1—6)[apiosyl(1—2)]-glucosidan/z787; peak 2, spinacetin-3-

glucosyl-(1—6)[apiosyl(1—2)]-glucosiden/z 801, including a
Aug 18, 2002, June 8, 2003, and July 27, 2003. Temperature and P2tUletin glycoside, tentatively identified as peak 1 plus cou-
radiation conditions are given ffable 1. For each sowing date, leaves ~Maric acidm'z933; peak 3, patuletin-3-gentiobioside/z 655,
were harvested at three growth stages, I, II, and Ill, at 6-day intervals, including a patuletin glycoside, tentatively identified as peak 1
starting 17—18 days after sowing for growth stage I. Stage Il plus coumaric acidy/z 933; peak 4, patuletin-3-(2feroylglu-
corresponded to the normal harvest stage in commercial production of cosyl)(1—6)[apiosyl(1-2)]-glucoside mz 963; peak 5, spinace-
baby spinach. The stages were thus defined by time from sowing to tin-3-(2'-feroylglucosyl)(16)[apiosyl(3-2)]-glucosidem/z 977,
harvest, and the spinach at growth stage | was harvested 6 days priopeak 6, spinacetin-3-gentiobioside/z 669, including a com-

to the expected normal harvest (stage Il). The design of the field trial pound probably consisting of patuletin with gentiobioside and
was completely randomized, with four plots for each of the three growth rhamnoside,miz 801; peak 7, a patuletin-3-gentiobioside

stages. The spinach was cut manually using sharp knives, at a petiole - . . .
length of approximately three-fourths of the leaf blade length. Harvested substituted with feroylz 831; peak 8, a compound tentatively

leaves were placed under black plastic and transferred to dark cool'dent'f'ed as pat.uletm W'th gentiobioside and rhamnosm@
rooms at a temperature of4 °C within 1 h after harvest. 801; peak 9, spinacetin-3+(Zeroylglucosyl)(1—6)-glucoside,

Postharvest Treatments.After a few hours of cooling, 12 sub- ~ V2845; peak 10, spinatoside-glucuronidey/z521; peak 11,
samples from each plot were placed in unperforated oriented polypro- 9,3 ,4"-trihydroxy-3-methoxy-6:7-methylene-dioxyflavone-4
pylene (OPP) bags, using an industrial packing machine. Each bagglucuronidenyz519; and peak 12, Sihydroxy-3,3-dimethoxy-
contained~100 g and was stored for 5 or 9 days in a climate chamber 6:7-methylenedioxyflavone~glucuronide m/z533. Some ma-
at 10 or 2°C (only 2003), simulating practical commercial conditions.  jor peaks were not identified (e.dr ~ 13.7~17.1 min,Figure
Thus, three bags per plot were subjected to each storage regime (1), but as estimated from their UV and mass spectra, they were
4). To determine the fresh weight loss during storage, the OPP bagspot helieved to be flavonoids. The identified flavonoids cor-
including leaves were weighed before storage, and the leaves Wereresponded in large part to those reported by Ferreres @3}, (
weighed after storage. After storage, the three subsamples were The major flavonoid compound, 5,3',4'-trihydroxy-3-meth-
combined to one sample within each plot and storage regimen. ; - P

Sample Preparation and Extraction.On the harvest day or after oxy-6:7-methylene-dioxyflavone-glucuronide (peak 11), made

i up on average 43% of the total flavonoid contenhalfle 2).

storage, the spinach was frozen-e80 °C. An aliquot of the material . . .
from each plot and treatment was freeze-dried, ground into a fine Patuletin-3-glucosyl-(16)[apiosyl(1-2)]-glucoside (peak 1),

powder, and stored in a desiccator until extraction. Samples were Patuletin-3-(2-feroylglucosyl)(t-6)[apiosyl(t-2)]-glucoside
extracted in triplicate under dim green light. Each sample, consisting (P€ak 4), spinatoside-4'-glucuronide (peak 10), and patuletin-
of 60 mg of freeze-dried material, was extracted with 5 mL of 40% 3-gentiobioside including a patuletin glycoside (unseparated,
methanol. The samples were shaken for 20 h@ 4nd 150 rpmand ~ peak 3) each made up-12% of the total flavonoid content
then centrifuged at 100QCat 4°C for 10 min. Extracts were stored at  when averaged between treatments. The other flavonoids were
—80°C until analysis by HPLC. minor compounds, each contributieg%. It has been proposed
HPLC Analysis of Flavonoids. Flavonoids were analyzed by  that the position and degree of hydroxylation is fundamental to
reversed phase HPLC on an Agilent 1100 series system (Agilent the antioxidant activity of flavonoids, especially the ortho-
Technologies, Waldbronn, Germany). The mobile phase was agradie”tdihydroxylation of the B ring, the carbonyl at position 4, and

of (A) water/methanol/formic acid (69:30:1 v/v) and (B) methanol. The o .
gradient was as follows: 0—18 min, 15—45% eluent B; 18—23 min the free hydroxyl group at positions 3 and/or 5 in the C and A

45—100% B: 23-27 min 100% B. Flow rate was 0.7 mL/min. The '1NGS: respect|verZ4). Accordlng to this structureactivity
flavonoids were separated using a Phenomenex Luna Phenyl-hexyl"élationship, the 5;34-trihydroxy-3-methoxy-6:7-methylene-
column (250 x 4.6 mm, 5um), with a security guard column,  dioxyflavone-4'-glucuronide (peak 11) and the patuletin gly-
Phenomenex  ODS (4 x 3.0 mm). The absorbance was recorded at cosides (peaks 1, 3, 4, and 7) would all exhibit high antioxidant
340 nm using a diode array detector (Waters, Milford, MA). Sample activity, whereas the spinacetin glycosides (peaks 2, 5, 6, and
injection volume was 1@L. Flavonoid content was quantified using  9) and spinatoside-4'-glucuronide (peak 10) would have com-
an external spiraeoside standard (Extrasynthese, Lyon, France).  parably lower, but still relatively high, antioxidant activity. In
LC-MS Analysis. Flavonoids were identified by LC-MS/MS.  addition, the physiological activity of the individual flavonoids
Identification of each compound was done by combining UV spectra may also be determined by their ability to affect enzyme activity
and data from MS, MS/MS, and retention times. The HPLC analyses (25) and their bioavailability, which has been proposed to vary

were carried out using an Alliance 2695 system and a diode array |, - -
detector 996 (Waters). The MS instrument was a Quattro LC triple W!dEIy (26). Howeygr, no data are a"".""ab'? for these parameters
with regard to individual flavonoids in spinach.

guadrupole (Micromass, Cheshire, U.K.), equipped with a Z-spray API . . . .
source using the ESI inlet. The molecular weights of the glycosylated 1 he flavonoid content of fresh baby spinach found in this
flavonoids, separated by HPLC, were established by MS scan (negativeStudy corresponded to a concentration of-0l&b g/kg of fresh
mode,m/z100—1000, cone= 30 V), and the molecular weights of the ~ weight, which is in accordance with what has previously been
matching aglycones by MS/MS (collision energy23—35 V). The reported in spinach2@). A screening study of 28 vegetables
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Figure 1. HPLC chromatogram of baby spinach flavonoids at 340 nm. Flavonoids peaks: 1, patuletin-3-glucosyl-(1—6)[apiosyl(1-2)]-glucoside; 2, spinacetin-
3-glucosyl-(1-6)[apiosyl(1-2)]-glucoside including a tentatively identified patuletin glycoside; 3, patuletin-3-gentiobioside including a tentatively identified
patuletin glycoside; 4, patuletin-3-(2"'-feroylglucosyl)(1-6)[apiosyl(1-2)]-glucoside; 5, spinacetin-3-(2"'-feroylglucosyl)(1-6)[apiosyl(1-2)]-glucoside; 6,
spinacetin-3-gentiobioside including a compound probably of patuletin with gentiobioside and rhamnoside; 7, a patuletin-3-gentiobioside substituted with
feroyl; 8, probably a compound of patuletin with gentiobioside and rhamnoside; 9, spinacetin-3-(2"'-feroylglucosyl)(1-6)-glucoside; 10, spinatoside-4'-
glucuronide; 11, 5,3',4'-trihydroxy-3-methoxy-6:7-methylene-dioxyflavone-4'-glucuronide; 12, 5,4'-dihydroxy-3,3'-dimethoxy-6:7-methylenedioxyflavone-4'-
glucuronide.

Table 2. Flavonoid Content (Milligrams per Gram of Dry Weight) in Baby Spinach Cv. Emilia Sown at Different Times, Harvested at Growth Stage |,
II, or Ill, and Stored at Different Times and Temperatures?

Aug 2002 sowing June 2003 sowing July 2003 sowing
storage | Il n I Il n I I Il

total flavonoids at harvest 212+22 184+12 206%06 192+09 149+08 162+13 218+06 165+08 15714

5days,10°C  21.6+0.7 19.0+09 23.0+10 220+10 145+14 143+09 166+20 162+18

9days,10°C 227+09 176+07 20427 228+08 126+20 128+20 234+09 16707 12714

9 days, 2 °C 162+10 17.7+16 171+28 168+19
patuletin-3-glucosyl- at harvest 222+029 186+0.13 243+012 195+008 169+0.13 175+011 286+0.07 206014 198+0.18
(1-6)[apiosyl(1-2)]- 5days, 10°C  1.84+0.10 160+0.10 239+024 156+004 1.07+015 116+0.12 158+031 1.57+0.37
glucoside (peak 1) 9days,10°C 168+0.15 119+0.06 183+045 1.08+0.16 079+0.10 068+027 221+022 125+009 0.73+0.28
9 days, 2 °C 156+0.11 1.65+0.20 1.85+0.37 196+0.32
patuletin-3-gentiobioside at harvest 202+032 145+017 255+013 148+0.07 120+005 164+0.10 183+0.07 120+0.08 1.60+0.16
including another 5days,10°C 180+0.15 124+13 248+029 141+008 0.70+0.09 0.94+0.11 0.87+0.13 1.13+0.31
patuletin glycoside 9days,10°C 1.81+0.18 105+0.07 185+047 131+017 056+005 056+028 159+0.17 0.72+008 0.52+0.19
(peak 3) 9 days, 2 °C 1.08+0.08 1.47+0.21 1.07+022 1.53+0.29
patuletin-3-(2"'-feroylglucosyl)-  at harvest 147+015 157+011 157+0.06 114+0.08 108+0.08 131+014 186+0.06 1.27+008 1.14+0.13
(1-6)[apiosyl(1-2)]- 5days, 10°C  2.03+0.07 197+0.18 204+004 206+013 117+015 118+0.11 166+026 1.37+0.23
glucoside (peak 4) 9days,10°C 245+0.10 183+0.07 186+025 244+023 132+005 103+025 294+0.14 182+010 091+0.26
9 days, 2 °C 138+0.10 1.60+0.14 159+030 140+0.18
spinatoside-4'-glucuronide at harvest 227+030 201+015 1.84+005 265+009 182+009 148013 262+0.11 219+023 183+0.04
(peak 10) 5days,10°C 2.25+0.07 195+0.14 208+0.07 295+0.12 195+0.12 139+0.07 230+0.22 191+0.10
9days,10°C 228+0.19 184+005 190+0.13 3.02+0.06 164+035 134+015 270+0.10 234+017 1.76+0.07
9 days, 2 °C 207+010 156+0.15 228+039 1.91+0.18
5,3'4'-trihydroxy-3-methoxy-  at harvest 822+0.65 753+059 6.74+027 894+047 652+054 6.61+056 8.72+027 6.98+0.23 6.35+0.55
6:7-methylenedioxy- 5days, 10°C 829+0.26 7.94+023 7.65+005 1015+049 7.10+0.74 6.49+044 735090 7.17+0.72
flavone-4'-glucuronide 9days, 10°C  892+0.15 7.72+047 7.15+051 11.01+017 620+134 656+066 9.79+0.17 7.56+047 6.56+0.42
(peak 11) 9 days, 2 °C 7.16+0.71 7.49+050 7.32+099 6.64+0.80
minor flavonoids? at harvest 501+£049 401+020 544020 3.06£020 259+0.09 343+027 388x+014 278+0.19 2.80+0.40
5days,10°C 536+0.27 429+020 6.40+032 3.86+021 250+023 3.13+021 2.86+0.29 3.06+0.39
9days,10°C 552+0.17 399+0.15 579+091 395+038 211+023 267+061 4.12+022 304+015 224+0.28
9 days, 2 °C 299+0.15 3.90+042 295+054 331+0.38

2 Values are mean + standard deviation of four field plots, each determined as the mean of three replicates. Flavonoids expressed as spiraeoside equivalents. ?Spinacetin-

3-glucosyl-(1-6)[apiosyl(1-2)]-glucoside, a compound tentatively identified as patuletin glycoside; spinacetin-3-(2""feroylglucosyl)(1-6)[apiosyl(1-2)]-glucoside and spinacetin-
3-gentiobioside, two compounds tentatively identified as patuletin + gentiobioside + rhamnoside; patuletin-3-gentiobioside substituted with a feroyl; spinacetin-3-
(2"feroylglucosyl)(1-6)-glucoside; and 5,4'-dihydroxy-3,3'-dimethoxy-6:7-methylenedioxyflavone-4'-glucuronide.

and 9 fruits classified spinach as a low-flavonoid vegeta®ig ( retention times with known standards at a single wavelength.
However, contrary to many other vegetables, spinach lacks orNo comparisons were made of absorption spectra or mass
contains very low levels of the flavonoids quercetin, kaempferol, spectra, and it is therefore possible that the identification of the
myricetin, luteolin, and apigenin, which are usually analyzed individual flavonoids was incorrect.

in screening studies. The total flavonoid content found in this  In the present study, the younger baby spinach leaves (growth
study and by Gil et al.41) would position spinach among the stage I) had the highest concentration of total flavonoids. The
very-high-flavonoid vegetables. Previous research on flavonoids concentration was significantly lower at the later stages (Il and
in spinach has identified rather rare flavonoid glycosides that Ill) in June and July. Thus, the changes in total flavonoid content
are not commonly found in other vegetable4 23, 28—32). during leaf growth differed somewhat among sowing times.
A few screening studies have reported that spinach containsSimilar results have been found Rosmarinus officinalis, in
quercetin, luteolin, kaempferol, and myricet88(34). However, which flavonoid concentration peaked in young leavi®)(In
those studies identified compounds only by comparison of Cistus laurifolius leaves, however, the flavonoid glycoside
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w
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)

content was relatively low in the young leaves and accumulated
during leaf development. (). Flavonoid content of cereal leaves

has been observed to decrease as the leaves approach senescence
(13, 35). The spinach leaves in the present study did not show
any signs of senescence at harvest. Baby spinach is harvested
after a shorter growth period than normal spinach, and even
when harvested at growth stage Il the baby spinach leaves were
younger than those of normal spinach.

Dissimilar patterns were found among the individual fla-
vonoid compounds. The content of patuletin-3-gentiobioside
including a patuletin glycoside (unseparated, peak 3) was high
at stage |, decreased to stage Il, and then increased again to ) 3 . s 3 o
stage Il (Table 2). Spinatoside-4glucuronide (peak 10) and
5,3,4'-trihydroxy-3-methoxy-6:7-methylene-dioxyflavoné-4 30+ June 2003
glucuronide (peak 11) contents decreased significantly from
stage | to stage Il at all sowing times. In addition, in 2003, the 254

spinatoside-4glucuronide (peak 10) content decreased signifi- §/f—’——"§
cantly from each growth stage to the next, and the, 53 201
154 g—‘ﬂ

trihydroxy-3-methoxy-6:7-methylene-dioxyflavoné-glucu-
104

August 2002

[
wn
I

Ny
o
1

=y
(&)
2

Flavonoid content (mg/g dw)
o

wn
A

(=}

ronide (peak 11) content was significantly higher at stage | than
at the other two stages. Hence, although the same flavonoid
compounds were found at all growth stages and sowing times,
the relative amounts of the individual flavonoids changed. As

bioavailability and antioxidant activity differ among individual

Flavonoid content (mg/g dw)

flavonoid compounds24, 26, 36), an alteration of the flavonoid 04+— T r T r ,
composition may affect the flavonoid bioactivity and potential 6 2 4 6 &8 10
health benefits of the vegetable in the diet, even though the 30-

total flavonoid concentration may be the same. Changing leaf July 2003

flavonoid composition during the ontogenic cycle has previously 25

been observed in several plantgl], but to our knowledge not
yet in leafy vegetables (11,2, 37).

To discern between effects of leaf growth and season
progression, the study on changes during leaf growth was
repeated three times during the field season, at increasing, close
to maximum, and decreasing day length, respectively. Under
natural conditions in the field, seasonal changes in light and
temperature conditions unavoidably occur concurrently as the

204

"
15{ *

10

Flavonoid content (mg/g dw)

leaves develop. By repeating the leaf growth study several times, 04— . r T T ,
the effects of season progression and changing environmental 0 2 4 6 8 10
conditions may be distinguished from the effects of leaf growth Storage (days)

and development. Growth stages —— | —0— Il —A— Il

In the present study, sowing time had some effect on Figure 2. Flavonoid content in baby spinach sown in August 2002, June
flavonoid concentration and composition. Total flavonoid 2003, or July 2003, harvested at different growth stages and stored at 10
content was highest in August and lowest in June, when °C in unperforated polypropylene bags. Flavonoid content is expressed
comparisons were made at growth stage Il (current commercialas milligrams of spiracoside equivalents per gram of dry weight, n = 4.
stage of harvesgigure 2). Total flavonoid content varied up
to 31% among sowing times when comparisons were made Total flavonoid content changed somewhat during storage,
within each growth stage. The individual flavonoids varied up but the pattern varied among treatmerfg(re 2; Table 2).
to 91% (Table 2), which is little compared to the reported 91- There was an increase during storage at growth stage |, although
fold variation in the isorhamnetin-3-rutinoside content of not significant in August. In some cases (stages Il and Ill in
Diplotaxis tenuifolia between spring (March) and summer June and stage Ill in July) a decreasing tendency was observed
(September) harvesting (10). The field season for cv. Emilia during storage at 1€C, but this was only statistically significant
spinach in southern Sweden is from May to September, andat stage Ill. During the 2C storage, however, total flavonoid
differences might have been greater if the whole growing seasoncontent increased slightly, although not significantly.
had been monitored in this investigation. Annual fluctuations  The rather stable total flavonoid content during storage is in
in radiation, temperature, and other environmental parameters,accordance with what has previously been reported in spinach
as well as time of season, are likely to affect these changes.(21). The flavonoid content of spinach also appears to be
Howard et al. ) found a higher total phenolic content in spinach relatively stable compared to that of some other leafy vegetables.
harvested in spring than in fall. However, the spinach they Nine of 11 lettuce and endive varieties studied by DuPont et
harvested in spring was overwintered. Thus, plant age wasal. (8) showed a decreased flavonoid glycoside content during
different between the two harvests, a fact that may also havestorage at TC for 7 days; one was not significantly affected,
had an effect on the phenolic content, again showing the and one showed an increase.
difficulty of distinguishing between seasonal variation and  Some of the individual flavonoid compounds changed
ontogenic changes. considerably during storage at 2Q for 9 days. The contents



Flavonoids in Baby Spinach J. Agric. Food Chem., Vol. 53, No. 24, 2005 9463

of patuletin-3-glucosyl-(6)[apiosyl(1-2)]-glucoside (peak 1) (8) DuPont, M. S.; Mondin, Z.; Williamson, G.; Price, K. R. Effect
and patuletin-3-gentiobioside (peak 3) decreased significantly, of variety, processing, and storage on the flavonoid glycoside
whereas most of the other flavonoids remained rather stable or content and composition of lettuce and endiyeAgric. Food
showed inconsistent responses to storage. The content of Chem.2000,48, 3957—-3964.
patuletin-3-[2feroylglucosyl)(-6)[apiosyl(t-2)]-glucoside (peak (9) Howard, L. R.; Pandjaitan, N.; Morelock, T.; Gil, M. I
4) increased during storage at stages | and II, the increase being ~ Antioxidant capacity and phenolic content of spinach as affected
more marked at stage |. Changes were smaller°a than at by genetics and growing seasah.Agric. Food Chem2002,

10 °C. Although we found no case of individual flavonoids 50, 5891—-5896.

disappearing altogether during storage, the changes in individual (10) DiVenere, N.; Calabrese, N.; Linsalata, V.; Cardinali, A.; Bianco,
flavonoids found in this study are similar to those found by V. V. Influence of sowing time on phenolic composition of
DuPont et al. §), who observed that some doubled in content rocket. Acta Hortic. 2000,533, 343—349.

and others disappeared. (11) Fico, G.; Bilia, A. R.; Morelli, I.; Tome, F. Flavonoid distribution

in Pyracantha coccinegplants at different growth phases.
Biochem. Syst. Eco2000,28, 673—678.

(12) del Bafio, M. J.; Lorente, J.; Castillo, J.; Benavente-Garcia, O.;
Piedad Marin, M.; del Rio, J. A.; Ortufio, A.; Ibarra, |. Flavonoid
distribution during the development of leaves, flowers, stems,
and roots oRosmarinus officinalis. Postulation of a biosynthetic
pathway.J. Agric. Food Chem2004,52, 4987—4992.

(13) Estiarte, M.; Pefiuelas, J.; Kimball, B. A.; Hendrix, D. L.; Pinter,
P. J.; Wall, G. W.; Lamorte, R. L.; Hunsaker, D. J. Free-ain,CO
enrichment of wheat: leaf flavonoid concentration throughout
the growth cyclePhysiol. Plant.1999,105, 423—433.

The flavonoid content is one of the many factors that
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