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Red clover (Trifolium pratense L.) contains isoflavones that are of interest because of their benefits
for human health as well as their adverse effects on the fertility of farm animals. A series of field
experiments was conducted in Sainte-Anne-de-Bellevue, QC, Canada, to determine the effects of
the environment, cultivar, plant maturity, plant part, and preservation method on the concentration of
the two predominant isoflavones in red clover, formononetin and biochanin A. In a multi-year, multisite
trial, the total isoflavone concentration in 10 cultivars ranged between 8923 and 12 753 ug g—* of
DM averaged across sites, harvests, and years. Despite strong environmental effects, the cultivar
“Start” consistently had the lowest isoflavone concentrations, with few differences observed among
other cultivars. Across stages of maturity, leaves were found to have the highest isoflavone
concentration followed by stems and inflorescences (11 970, 4896, and 3297 ug g ! of DM,
respectively). Changes in isoflavone concentrations with increasing maturity varied depending on
the plant part. Overall, highest isoflavone concentrations were found in leaves and stems during the
vegetative stages, with the formononetin concentration declining until plants initiated flowering,
especially in stems, with concentrations then stabilized in both parts. Upon initiation, inflorescences
contained similar isoflavone concentrations than leaves, but concentrations decreased rapidly during
flower development to fall even below those observed in stems. Inflorescences then had isoflavone
concentrations that were as much as 11 times lower than leaves. Fresh herbage contained higher
formononetin and total isoflavone concentrations than did silage and hay (14 464, 12 200, and 11 604
ug g1 of DM, respectively). The isoflavone concentration in field-grown red clover is thus high but
can be affected by a range of agronomic factors.

KEYWORDS: Red clover; Trifolium pratense L.; isoflavone; phytoestrogens; biochanin A; formononetin;
cultivars; maturity

INTRODUCTION slaughter. Finishing lambs fed red clover with high levels of
Studies have shown that isoflavones may lower blood the isoflavone formonone’lun gain weight more quickly than
cholesterol levels1( 2) and be useful in the prevention and '2mbs fed low formononetin red clover or ryegrag8)
treatment of canceB}, bone loss4), and symptoms associated Isof_lavone concentration in legumes is controllled by both
with menopauses). Red clover is a legume species that contain 9€netic and environmental factors. Early studies reported
the isoflavones daidzein, genistein, formononetin, and biochanin différences  in isoflavone concentration among red clover
A, with the latter two being found in especially high concentra- Cultivars (6,14). Dedio and Clarkq) reported 2.7- and 2-fold
tions (6-9). The isoflavone concentration in red clover herbage Variation in formononetin and biochanin A, respectively, among
has been reported to be-20 times more than in soybean seeds 16 field-grown cultivars sampled at a single date. Environmental
the more common source of isoflavondg)( Products contain- factors have also been reported to affect red clover isoflavone
ing extracts or powered red clover material are thus currently concentration. In a greenhouse experiment, formononetin con-
being sold as nonprescription food supplements. centration in expanded leaves was reported to be 28% higher
Isoflavones are also of interest because of their biological N red clover plants grown in a 17/T& temperature regimen
activity in farm animals. Consumption of forages with high &S Opposed to 23/1%C (7). .
isoflavone concentrations has been demonstrated to cause Management may also affect red clover isoflavone concentra-
reproductive problems in sheep and coi (L2). Alternatively, tion (7). It was observed that when the first harvest was delayed

isoflavones may have some desirable effects on animals forPy 21 days, the formononetin concentration decreased by 39%.
For the second harvest, the plots that were allowed the shortest

*To whom correspondence should be addressed. Telephone: 1-514-f€growth had the highest formgnonetin ancentration: Differ-
398-7855. Fax: 1-514-398-7897. E-mail: philippe.seguin@mcgill.ca. ences between harvest dates might be attributable to differences
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in plant maturity at harvest. A decrease of 57% in the 21,2004. Atthe time of harvest, 30 g samples of mixed, chopped fresh
formononetin concentration was reported between the late plant material were frozen immediately on dry ice and stored2Q

Vegetat“/e and the dylng inﬂorescence Stages in greenhouseoc for Subsequent isoflavone extraction in the IaboratOI’y. Representative
grown plants (7). samples of harvested herbage were also obtained from each plot, dried

Isoflavones do not exist in uniform concentrations throughout In a forced-air oven at 60C for 48 h, and weighted to determine the
dry matter (DM) content.

the plant. It has been reported that stems and petioles contain . . . “ "
lower concentrations of formononetin and biochanin A than Maturity and Plant Parts Experiment, Two culivars, “Azur” and

) . . . “Start”, were seeded on May 12, 2003 in field C. Each cultivar was
leaves when sampled various times during the growing seasofygpjicated 4 times in a randomized complete block design. Beginning
(6). Wu et al. (9) reported that, when averaged over red clover in May 2004, plants were harvested by hand at specific growth stages
plants collected in four different environments at one point in described in Ohlsson and Wedint9j, ranging from early vegetative
time, total isoflavones were greatest in leaves, intermediate inthrough late flowering. Plant samples were collected at 8 stages as
stems, and lowest in flowers. However, it has also been reportedfollows: stage 1 (vegetative plants with three trifoliate leaves), 2
that flowers contain the highest total isoflavone concentration, (vegetative plants with four trifoliate leaves), 3 (vegetative plants with
followed by leaves and stems, when measured at a singleﬁve trifoliate leaves), 4 (inflorescence of main stem palpable), 5 (single
sampling date §. It is not known how the isoflavone buds on main stem discernible), 6 (at least one open flower on
concentration evolves with maturity in inflorescences, which inflorescence of main stem), 7 (inflorescence of main stem at least

th t | d part b t tical fact halfway past flower), and 8 (inflorescence of main stem past flower
are the most commontly used part by nutraceutical manuracturers;y, sepals still green). At each sampling, samples were further divided

(15)_- ) into leaves, stems, and inflorescences fractions. Subsamples (30 g) from
Finally, preservation and storage may have an effect on the each part were finely chopped and placed on dry ice and storedt

isoflavone concentration in red clover. This is especially relevant °C until isoflavone extraction. At each sampling, representative samples

for herbage to be used as animal feed. Red clover silage haswere also dried in a forced-air oven at 80 for 48 h and weighted to

been reported to contain an 18% higher isoflavone concentrationdetermine the DM content.

than nonensiled wilted herbadkg). Also, in subterranean clover Preservation Method Experiment.Plots of the cultivar “Concorde”

(Trifolium subterraneunt..), it was observed that isoflavone ~ Were established on May 12, 2003 in field D. On July 21, 2004, at the

concentrations in dried samples were up to 50% lower than in second harvest of the post-seeding year, herbage was harvested using
fresh or frozen material (17) a flail forage harvester (Swift Machine and Welding, Swift Current,

Despite the current importance of red clover as a source of SK, Canada) as previously described and received one of three
P P v u preservation treatments: (i) as hay after 2 days of field-curing to a

isoflavone for the nutraceutical !ndustry, as well as its wide- )y content of 90%, (i) as silage after ensiling wilted herbage (40%
spread use as a feed for farm animals, there has been to date Ng) in mini-silos for 50 days as described by Seguin and Mustafa
comprehensive study looking at factors affecting isoflavone (20), or (iii) none (fresh herbage). Upon treatment, 30 g subsamples
concentration in field-grown red clover. We thus designed a were kept frozen at20 °C until isoflavone extraction. Each treatment
set of three field experiments to determine how the environment, was replicated 4 times. Dry matter content of each sample was
cultivar, plant maturity, plant part, and storage method affect determined by drying representative samples in a forced-air oven at
red clover isoflavone concentration. 60 °C for 48 h.

Isoflavone Extraction. Sample extraction was performed using a
slightly modified version of the protocol of Petterson and Kiessling
(21). Briefly, 1 g ofplant material was ground with sand with a mortar

General Site Description and Management.Three different and pestle, mixed with 2 mL of distilled water, and incubated atG7
experiments were conducted in four red clover fields established in for 30 min in a water bath. A total of 16 mL of ethanol and 2 mL of
either 2002 (field A) or 2003 (fields B, C, and D) in Sainte-Anne-de- 3 M HCI were added, and samples were mixed and then heated to
Bellevue, QC, Canada (45°25'4B!, 73°56'00"'W). Soil types were boiling. Extracts were allowed to cool, and then 2 mL of extract was
as follows: field A, a Chicot fine sandy loam; field B, a Bearbrook removed and centrifuged at 8000 rpm for 8 min. The supernatant was
clay; field C, a Chateauguay clay loam; and field D, a St. Bernard clay loaded onto SepPak C-18 cartridges (Waters Canada, Mississauga, ON,
loam. All plots (5x 1.35 m) were seeded in early May at a rate of 10 Canada) as follows: cartridges were first equilibrated with 5 mL of
kg ha! using a disk drill (Fabro, Swift Current, SK, Canada). Seeds methanol and washed with 5 mL of deionized water. A total of 1 mL
were inoculated prior to seeding with a peat-based rhizobial inoculant of extract was then mixed with 3 mL of deionized water and allowed
(Nitragin, Milwaukee, WI). Cultivars of red clover seeded varied to enter the cartridge. Columns were then washed with 2 mL of 20%
depending on the experiment. In the seeding year, all fields received methanol and eluted with 2 mL of 80% methanol. Samples were then
400 kg ha' of 5—20—20 (N—BOs—K;0) fertilizer in May just prior stored at—20 °C until HPLC analysis. Most isoflavones in red clover
to seeding and 225 kg haof 0—15—30 the first week of September.  are glycosylated with only a small percentage present in the aglycone
In post-seeding years, fields received 250 kg'raf 0—15—30 in the form (22, 23). Red clover glucosylated isoflavones are however highly
spring and 250 kg h& of 0—18—36 after the first harvest and in the  unstable. They are thermolabile and are also quickly broken down to
first week of September. Fertilization was done according to local their corresponding aglucones form by natprglucosidases upon the
recommendations for red clover forage production (18). disruption of cell compartmentalization during the extraction process

Cultivar Evaluation Experiment. A total of 10 red clover cultivars (23). It was reported that the present extraction method results in the
recommended for forage production in Québec at the onset of conversion of red clover isoflavones into their corresponding aglucones
experimentation (AC Charlie, Azur, Belle, Concorde, Prima, Ram, (21). Therefore, the quantification of isoflavones in this study represents
Scarlett, Start, Tempus, and Walter) were seeded on May 15, 2002 inthe total isoflavone concentration in red clover, including glucosylated
field A and May 12, 2003 in field B. Each cultivar was replicated 4 and aglucone forms.
times in a randomized complete block design. Cultivars were grown  HPLC Analyses. HPLC analyses were performed on a Waters
for two consecutive years, the seeding year and the first post-seedingchromatograph system (Waters, Milford, MA) consisting of two pumps
year (2002—2003 for field A and 20622004 for field B) and were (model 510), a WISP autosampler (model 712), and a UV absorbance
harvested twice in each year. A 0.6 by 4.4 m area was cut in the centerdetector (model 441). The system was equipped with a C18 reverse-
of each plot at each harvesta 7 cmstubble height using a flail forage  phase column (Bondapak, 1n, 3.9 x 300 mm; Millipore, Milford,
harvester (Swift Machine and Welding, Swift Current, SK, Canada), MA). A total of 100uL of filtered extract was injected for each analysis.
when 10% of the plants produced flowers. Field A was harvested on Separation and elution of isoflavones was achieved with the following
August 2 and October 25, 2002 and June 20 and July 29, 2003. Field gradient method using a flow rate of 1 mL minElution of isoflavones
B was harvested on July 30 and August 29, 2003 and June 11 and Julywas performed using a linear gradient system from 20% methanol and

MATERIALS AND METHODS
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Table 1. Analysis of Variance of the Isoflavone Concentration of Red Table 2. Isoflavone Concentration of 10 Red Clover Cultivars Grown
Clover Cultivars Grown for 2 Consecutive Years at Two Sites in in Sainte-Anne-de-Bellevue, QC, Canada?
Sainte-Anne-de-Bellevue, QC, Canada, in 20022004 and Harvested . . ] .
Twice Per Year? formononetin biochanin A total isoflavone
cultivar (ug g~ of DM) (ug g~ of DM) (ug g~ of DM)
source of formononetin biochanin A total isoflavone AC Charlie 6137 + 1105 4898 + 1007 11035 + 2070
variation (pvalue) (pvalue) (pvalue) Azur 7421+ 1119 5332+ 1213 12754 %2191
site (S) <0.0001 <0.0001 <0.0001 Belle 7070 + 1161 5197 + 1016 12 267 + 2107
stand age (A) 0.0488 0.7662 0.8139 Concorde 7165 +1038 4714 + 909 11879 + 1845
SxA 0.6463 <0.0001 0.0006 Prima 7198 + 1150 5236 + 1222 12 435 + 2206
cultivar (C) 0.0045 0.0251 0.0058 Ram 6811 + 1623 4472 + 1037 11283 + 2601
AxC 0.3638 0.7892 0.6869 Scarlett 6863 + 1165 4834 £ 727 11696 + 1768
SxC 0.0387 0.2918 0.1731 Start 4842 + 753 4081 + 725 8923 + 1269
SxAxC 0.3598 0.4025 0.3641 Tempus 5997 + 846 4356 + 1071 10353 + 1849
harvest (H) 0.4799 0.2807 0.3897 Walter 6585 + 1223 5144 +1333 11729 + 2380
AxH 0.0285 0.1795 0.1161 LSDoos 951 669 1442
SxH 0.0044 0.0787 0.0157
SxAxH 0.7805 0.0232 0.1734 aResults present the cultivar main effect and are the average + SD of two
CxH 0.0594 0.1378 0.0710 harvests done at two sites in 2 consecutive growing seasons for four replicates (1
SxCxH 0.2116 0.1038 0.1578 =3)
AxCxH 0.9716 0.9897 0.8026
SxAXCxH 0.0011 0.0002 0.0002

One cultivar (i.e., “Start”) consistently had the lowest isoflavone
concentrations (4842, 4081, and 8928 g ! of DM for
formononetin, biochanin A, and total isoflavones, respectively)
80% water to 80% methanol and 20% water over the course of 30 r‘?‘”k'”g 9th or 10th in total |§oflavone qoncentratlon in all 8
min, following an initial 5 min of steady elution with 20:80% methanol/ SIIe/stand_ age/harvgst Co_m_blnatlons. D_|fferences be_tween _the
water. Isoflavones were detected at 254 24 25). Purified chemical other cultivars rem_alned Ilmlted_, averaging 23% for biochanin
standards [formononetin and biochanin A, (Sigadddrich, Missis- A and formononetin concentrations.
sauga, ON, Canada)] were used to identify isoflavones and determine  There was a four-way interaction between site, stand age,
their concentrations on a DM basis. The term “total isoflavone” in this  cultivar, and harvest for formononetin, biochanin A, and total
study refers to the sum of formononetin and biochanin A concentrations, isoflavone concentrations. This interaction reflects a three-way
which together constituted approximately 97% of isoflavones detected interaction between site, stand age, and harvest in 3 of the 10
in our studies. cultivars evaluated, namely, AC Charlie (formononetin, bio-
Statistical Analyses All data were subjected to analysis of variance  chanin A, and total isoflavone), Scarlett (biochanin A and total
(ANOV_A) using'thQ_GLM procedure of the stat?stical a_nalysis system isoflavone), and Start (biochanin A). There was no sitage
(26) to identify significant treatment effects and interactions. Data from x cut interaction for the other 7 cultivars evaluated. The only

the cultivar evaluation experiment were analyzed in a combined analysis ‘pther effect implicating cultivars was a cultivarsite interaction
(27), regrouping sites, stand ages, cultivars, and harvests in a combine . - . .
randomized complete block design with strip-plot restriction with observed for formonpnetln. This Interaction reflected that, while
cultivars and harvests as spatial and temporal strips, respecta&ly ( gregter fqrmpnonetln concentratlops were ,Observed for all
Stand ages, cultivars, and harvests were considered fixed effects, whilecultivars in field B compared to field A, differences were
the site was considered random. Approprigtests in each case were  significant only for five cultivars (i.e., AC Charlie, Concorde,
calculated following Mclntosh27). Data from the maturity and plant ~ Prima, Ram, and Start).
parts experiment were analyzed using a randomized complete block Site main effects were observed for all isoflavones. Overall,
design with split-split-plot restriction with cultivars as the main plot, concentrations were 17, 30, and 22% greater in plants grown
plant parts as split plots, and stage of maturity as split-split plots. Finally, in field B than A for formononetin, biochanin A, and total
for the preservation method experiment, data were analyzed using ajsoflavone, respectively. Differences between sites might be
randomized complete block design. In all experiments, differences attributed to inherent differences in soil types and characteristics
between treatments were ascertained using least significant differencegyanyeen the two fields or differences in prevailing environmental
(l‘%%ss)_?ﬂ; ﬁ;ﬁkiggﬁfﬁg‘éfgnﬁns’vzfg;riigggse:ésix"i:g ?eega'pd at conditions during experimentation. Soil fertility levels and
o ' several other abiotic factors including temperature, soil moisture
levels, irradiance, and CQoncentration were all previously
reported to affect isoflavone concentrations of other legumes

Cultivar Evaluation. The total isoflavone concentration (29—31). In addition to this main effect, the site was involved
ranged between 1525 and 16 7§ g~* of DM depending on in interactions with stand age, harvest, and cultivar. Thessite
cultivar, site, stand age, and harvest and averaged 884 stand age interaction for biochanin A and total isoflavone
of DM with overall 55% formononetin. Isoflavone concentra- concentrations is attributable to much greater seeding year
tions were affected by site, stand age, and cultivar main effects concentrations in field B compared to field A. In the seeding
as well as interactions between these factors and havaiste year, plants grown in field B had 72 and 39% greater biochanin
1). Variation across sites, stand ages, and harvests ranged fromA and total isoflavone concentrations, respectively, than those
82 to 248% for specific cultivars. However, results suggest that, grown in field A. No differences were observed between fields
despite environmental effects, differences in the isoflavone in the post-seeding year. A sitg harvest interaction for
concentration between red clover cultivars are generally stableformononetin and total isoflavone concentrations reflected the
across environments and time and remain relatively unaffectedlower concentrations for the second harvest in field A, compared
by other factors evaluated. to all other sitex harvest combinations.

Cultivars had the most effect on isoflavone concentrations.  Stand age overall had limited effects on isoflavone concentra-
Averaged over site, stand age, and harvest, the total isoflavonetions, mainly through interactions with other factors. A stand
concentration in the 10 cultivars evaluated varied by 43% age main affect was observed only for formononetin, with its
ranging between 8923 and 12 758 g ! of DM (Table 2). concentration being 15% higher in the post-seeding year than

@ p values in bold were declared significant (p < 0.05).

RESULTS AND DISCUSSION



6400 J. Agric. Food Chem., Vol. 53, No. 16, 2005 Sivesind and Seguin

15000 'Azur 'Start'
12000
9000

ug gl DM
o
=3
(=3
(=1

Formononetin

3000

10000

8000

6000
4000

Biochanin A
pgg' DM

2000

1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
Stage of Maturity Stage of Maturity

Figure 1. Isoflavone concentration in leaves (@), stems (O), and inflorescences () of two field-grown red clover cultivars (“Azur” and “Start”) sampled
at eight different stages of maturity. Stage 1 (vegetative plants with three trifoliate leaves), 2 (vegetative plants with four trifoliate leaves), 3 (vegetative
plants with five trifoliate leaves), 4 (inflorescence of main stem palpable), 5 (single buds on main stem discernible), 6 (at least one open flower on
inflorescence of main stem), 7 (inflorescence of main stem at least halfway past flower), and 8 (inflorescence of main stem past flower and sepals still
green). Data are the mean of four replicates + SD.

in the seeding year when averaged across cultivars, sites, and17, 25, 32). This underlines the need for further research to
harvests. A stand age harvest interaction for formononetin  understand the impact of specific biotic and abiotic factors on
reflected that differences between harvests differed dependingred clover isoflavone concentration. Furthermore, it points out
on stand age. During the seeding year, across cultivars and siteshe need for nutraceutical manufacturers to regularly test
formononetin concentration dropped by an average of 38% purchased raw material, especially if using raw extracts or
(7571 to 4673ug gt of DM) from the first to the second  powdered plants, and reinforce the need for strict quality control
harvest, while in the post-seeding year, it rose by 11% (6710 practices.
to 7460ug g-* of DM). In addition, a three-way interaction Maturity and Plant Parts. Isoflavone concentrations were
between site, stand age, and harvest affected biochanin Aaffected by the stage of maturity, plant part, and cultivar, as
concentration. The low biochanin A concentration at the first well as interactions between them. These interactions were
harvest of the post-seeding year in field B contributed strongly largely due to changes, which differed depending on the
to this interaction. During the post-seeding year, biochanin A isoflavone, of concentrations in leaves, stems, and inflorescences
concentrations were similar in field A at both harvests (an as plants mature, with the trend of change varying according to
average of 46249 g* of DM) but increased by 79% from the  parts and cultivars. Relationships between plant parts and stage
first to the second harvest in field B. No differences between of maturity were although remarkably constant for both cultivars
harvests were observed at both sites in the seeding year. evaluated; differences in the magnitude of the response gener-
Results suggest that despite strong environmental effectsated interactions implicating cultivar§igure 1). Differences
cultivar choice can impact isoflavone concentrations in red between cultivars were consistent with results of the cultivar
clover. Differences between cultivars will remain relatively evaluation experiment; when “Azur” was compared with “Start”,
constant at different sites, harvest, and for stands of different “Azur” had 69, 44, and 59% greater formononetin, biochanin
age. The cultivar “Start” distinguished itself from other cultivars A, and total isoflavone concentrations, respectively, across stages
containing low concentrations of both formononetin and bio- of maturity and plant parts.
chanin A. While variation was observed among other cultivars,  Across all stages of maturity and cultivars, average isoflavone
differences remained limited. Therefore, “Start” would be a concentrations were greatest in leaves (1123@ * of DM),
cultivar of choice for producers aiming at reducing isoflavone intermediate in stems (4896g g~ of DM), and lowest in
intake of farm animals; options would be greater if red clover inflorescences (3297g g~* of DM). Differences between plant
is to be produced as a source of isoflavone for the nutraceuticalparts, however, varied significantly depending on the stage of
industry. The large site main effects and interactions between maturity Figure 1). Before the onset of flowering (stages3),
factors that we observed suggest that environmental factors will there was little or no difference in leaf and stem formononetin
also have profound impacts on isoflavone concentrations in red concentration for both cultivars. The concentration of biochanin
clover, confirming similar observations made with other species A was none the less-38 times greater in leaves than stems,
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with greater differences observed with “Start”, for which Taple 3. Isoflavone Concentration of Fresh Red Clover (28% DM) or
differences were also reflected in total isoflavone concentrations. Red Clover Preserved as Silage (42% DM) or Hay (90% DM)?
In the earliest stage of flowering (stage 4), leaves and inflo-

rescences had comparable isoflavone concentrations, which were formononetin biochanin A total isoflavone
3 times greater than in stems. However, as flowering progressed, treatment (ug g~* of DM) (ug g " of DM) (ug g™* of DM)
formononetin and total isoflavone concentrations differed in the  fresh 9021 + 366 5443 + 682 14 465 + 1021
three parts, being greatest in leaves, intermediate in stems, and Silage 7221 548 4980 £ 611 12201 + 1154
lowest in inflorescences, with as much as an 11-fold difference E‘?E)OOS 645668; 155 Sﬁsﬁf 286 lll?&foi 402

observed between leaves and inflorescences. The biochanin A
concentrations of stems anq inflorescences were similar and—; Data are the mean of four replicates + SD. ©NS, means are not significantly
were only 9% of that found in leaves. different (p > 0.05)

While change with maturity in isoflavone concentrations of

leaves and stems differed depending on the isoflavone, trends .
for inflorescences were similar for all isoflavondsdure 1). that the results are in sharp contrast, nonetheless, because

Concentrations of formononetin, biochanin A, and total isofla- I!owersflg otﬁrfstudy weret_founz tg har\]/ e r_nuthIO\%er goncintcrja-
vone in inflorescences were high at the onset of flowering but lons of both formononétin and biochanin y In€ imeé buds

decreased sharply by an average of 92% by the next stage, tfre distinctly visible, well before the coloring of flowers has
later stabilize. Leaves and stems had their highest formononetinoccurred' i . )
concentration at early maturity stages, with a gradual decrease 1he low isoflavone concentrations that we observed in
observed until the onset of flowering. At that point, the inflorescences are of importance for the nutraceuncgl industry,
formononetin concentrations in leaves and stems were 75 andoecause manufacturers are currently often only using flowers
32%, respectively, of those observed at the first stage sampledfor the extraction of red clover isoflavond ). This study
Upon the initiation of flowering, formononetin concentrations Suggests that this strategy may be inappropriate and needs to
in leaves and stem stabilized, with no difference observed amongP€ re-evaluated, especially given the difficulty of harvesting
later stages, except for an increase in leaves at the last stagdowers only, which requires manual labor, increasing production
sampled (stage 8, inflorescence of the main stem past flowercosts. The use and harvest of vegetative material would
with sepals still green). The biochanin A concentration was not maximize .the. isoflavone concentration of red plover. Our results,
affected by the stage of maturity in leaves, but in stems, however, indicate that current recommendations for the harvest

concentrations were slightly greater before the onset of flowering Of red clover as a source of forage for ruminants, which are to
than all subsequent stages. harvest herbage at early flowering stages, would minimize
This experiment illustrates that, as plant maturity progresses,'SOﬂaVQHG concentrations. Harvesting red _cIover at this stage
variations in isoflavone concentrations depend on the plant part. May slightly reduce the adverse affect that isoflavones have on
Concentrations of all isoflavones decreased sharply in stemsanimal reproduction.
and flowers, while a smaller decrease, only in formononetin,  Preservation Method. Differences were observed between
was observed in leaves. These differences in trends resulted irpreservation methods evaluated for formononetin and total
leaves having much greater isoflavone concentrations than eitheiisoflavone concentrationsTéble 3). The total isoflavone
flowers or stems by the time flower buds have become visible. concentration was 22% higher in fresh material (14 A§4y*
These results are generally in agreement with the results of aof DM) than either silage or hay (12 200 and 11 G@#g * of
greenhouse experiment reported by McMurray etAl.lI( both DM, respectively), while the formononetin concentration was
studies, formononetin concentration decreased from early highest in fresh material, intermediate in silage, and lowest in
harvests during the vegetative stage through late flower in both hay (9021, 7220, and 6468y g * of DM, respectively). No
leaves and stems. Interestingly, both experiments also observedlifferences were observed between treatments in the biochanin
an increase in formononetin concentration in leaves at ap-Aconcentration. Conversely, Sarelli et dl6f found isoflavone
proximately the onset of flower desiccation. Differences between concentrations to be 18% greater in ensiled red clover than in
studies were observed; for example, we observed that stemgwilted herbage before ensiling. Differences between studies
initially had comparable formononetin concentrations as leaves, could be due to differences in the ensiling process. Ensiling is
while in the first two samplings in the experiment performed a dynamic process, dependent on many factors, including initial
by McMurray et al. 7), leaves had higher concentrations even herbage composition, microbial population, pH, and temperature,
then. It is difficult to accurately compare studies because stagesall of which fluctuate throughout the ensiling proce38)( These
given by McMurray et al. 7) are only vaguely described. Our factors were not measured in our experiment; it is possible that
results are also in accordance with Wu et 8), (vho reported any or all of these factors have an impact on the isoflavone
that, when averaged over red clover plants collected once in concentration in red clover silage. The effect that the preserva-
four different environments, total isoflavones were greatest in tion method has on the red clover isoflavone concentration is
leaves, intermediate in stems, and lowest in flowers. Variation important for producers looking to control isoflavone intake of
was although observed between plants collected in different sheep and cattle. On the basis of our results, feeding hay, rather
environments; these could be explained by the fact that plantsthan fresh herbage, could reduce risks associated with red clover
might have been harvested at different stages of maturity. ~ because hay has a lower formononetin content. In the rumen,
However, the results that we observed are in contrast to thoseformononetin is converted to equol, which is much more
reported by Vetter §), who found that flowers had higher estrogenic, while biochanin A is broken down to nonestrogenic
concentrations of biochanin A and slightly higher concentrations para-ethyl phenol (34). Therefore, lowering the formononetin
of formononetin than did leaves. It is difficult to confidently ~concentration would contribute most in lowering estrogenicity
compare between Vette8) and our study, because the plant Of red clover.
material used for analysis in VetteB)(is simply reported as In conclusion, the present study suggests that environmental
being collected during the “flowering stage” and, as can be seenfactors have a large effect on isoflavone concentrations of red
in the current study, isoflavone levels can vary significantly clover. Cultivars consistently differ in their isoflavone concen-
during the growth of red clover. However, it can be assumed tration, with one of them (“Start”) having especially low




6402 J. Agric. Food Chem., Vol. 53, No. 16, 2005

concentrations. Specific cultivar recommendations could thus

be made depending on if concentrations are to be maximized

or minimized depending on the intended use. The large

differences observed between plant parts and stages of maturity

Sivesind and Seguin

(16) Sarelli, L.; Tuori, M.; Saastamoinen, |.; Syrjala-Qvist, L.;
Saloniemi, H. Phytoestrogen content of birdsfoot trefoil and red
clover: Effects of growth stage and ensiling methadta Agric.
Scand., Sect. R003,53, 58-63.

underline the need to elaborate new recommendations specific (17) Smith, G. R.; Randel, R. D.; Bradshaw, C. Influence of harvest

for the production of red clover used for isoflavone extraction.
The use of foliage from plants before the onset of flowering

should be considered as an alternative to the current predominant

practice of using flowers. In the case of red clover to be fed to

ruminant animals, current recommendations and practices appear

appropriate if producers intend to minimize isoflavone con-

sumption by animals. However, producers may want to consider, ) X )
e (19) Ohlsson, C.; Wedin, W. F. Phenological staging schemes for

when possible, feeding red clover hay rather than fresh herbag
to minimize possible reproductive problems.
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