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Changes of Cyanogenic Glucosides in White Clover (Trifolium
repens L.) during the Growing Season

Anna Stochmal and Wieslaw Oleszek*

Department of Biochemistry, Institute of Soil Science and Plant Cultivation, ul. Czartoryskich 8,
24-100 Pulawy, Poland

Cyanogenic glucosides have been determined in eight white clover cultivars during three growing
seasons. Differences in total cyanogen content were found for different cultivars and also for the
time of sampling during the vegetation season. A direct correlation was found between the total
cyanogen content and mean air temperature for four days before sampling. At temperatures below
15 °C all varieties contained the highest cyanogen content; an increase in temperature during the
summer time resulted in a drastic decrease in cyanogen synthesis. The linamarin/lotaustralin ratio
ranged from 0.4 to 0.8 and was correlated with the total cyanogen content; cultivars with higher
cyanogen level had a lower lin/lot ratio. It was concluded that white clover can be a good example
of a plant species having a mechanism which can switch between growth-dominated and
differentiation-dominated plant types depending on to the environmental conditions.
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INTRODUCTION

Cyanogenic glucosides are the group of nitrogenous
secondary compounds which during enzymatic hydroly-
sis release glucose, HCN, and appropriate lactones or
aldehydes. These degradation products are toxic to
animals, and the lethal dose for HCN ranges between
0.5 and 3.5 mg/kg of body weight (Montgomery, 1980;
Solomonson, 1981). Prolonged feeding of animals with
the diet containing many cyanogenic plants may influ-
ence the nervous system (Rosling, 1987; Howlett et al.,
1990) or may disturb the selenium metabolism (Beil-
stein and Whanger, 1984; Elzubeir and Davis, 1988).
Thus, high levels of cyanogens severely restrict the
amount of such meals in animal rations. In Switzer-
land, white clover varieties which release on hydrolysis
more than 370 mg of HCN/kg of dry matter are not
recommended to be used as a component of pasture
swards (Lehmann et al., 1990). In Eastern European
countries, including Poland, until recently there was no
problem with cyanogenesis in white clover as all variet-
ies were bred from the local populations which are low
in cyanogenic compounds. This low frequency was
thought to be correlated to the January isotherm (Jones,
1972). However, breeders looking for better, pest
resistant varieties often use breeding stocks containing
genes responsible for high levels of cyanogen synthesis,
and some varieties of this region are high in cyanogen
content (Stochmal and Oleszek, 1995).

Cyanogen concentration in white clover population/
varieties has been related to a number of environmental
factors including altitude, temperature, water stress,
low light intensity, plant age, and phosphorus fertiliza-
tion (Daday, 1954a,b; Foulds and Grime, 1972; De
Araujo, 1976; Baker and Williams, 1987; Vickery et al.,
1987; Pederson et al.,, 1996). To the best of our
knowledge no research so far has been performed on
the seasonal patterns of cyanogen concentration in
white clover plants. Thus, the aim of the present work
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was to trace the patterns of cyanide changes in eight
white clover varieties during one vegetation season and
to correlate these changes with the temperature. More-
over, the presented data is the first report on the
determination of cyanogenic compounds in white clover
with analytical liquid chromatography.

MATERIALS AND METHODS

Plant Material. Seven Polish registered varieties of white
clover, including Anda, Armena, Astra, Podkowa, Rema,
Romena, and Santa, as well as reference variety Milkanova,
seeds of which were obtained from Dr. Lehmann from Ei-
dgendssische Forschungsanstalt fir landwirtschaftlichen Pflan-
zenbau, ZUrich, Swizerland, were planted on the 1.5 x 1.5 m
plots in 1993 at Pulawy, Poland. Samples of the clovers (leaves
and stems) were collected every week during three growing
seasons 1993—1995. Collected samples were friezed at the
field at —18 °C, lyophilized, powdered, and then stored at —15
°C until analyses were performed.

Extraction. Powdered samples (1 g) were extracted using
70% MeOH (10 mL) by blending in a Ultra-Turrax T25 (IKA,
Labortechnik, Germany) blender, followed by sonication (20
min) at room temperature. The extracts were concentrated
in vacuo (40 °C) until almost all of the MeOH was removed,
and the resulting solution was passed through the precondi-
tioned Sep-Pak C18 (Waters Associates, Milford, MA) car-
tridge, which was then washed with 20% MeOH (5 mL). The
eluates were combined, freeze-dried, dissolved in 0.5 mL of
HPLC mobile phase, and used for determination.

High-Performance Liquid Chromatography. The puri-
fied clover samples were analyzed according to procedure
previously described (Stochmal and Oleszek, 1994). Samples
(20 uL) were analyzed using an HPLC unit (Knauer, Berlin,
Germany) equipped with a computer system to monitor
chromatographic parameters and to process the data, and a
differential refractometer detector. A Eurospher RP18 (Sau-
lentechnik, Homburg, Germany) column (25 cm x 4.6 mm i.d.,
5 um particle size) was used with H,O:MeOH:H3PO, (85:15:
0.05) as the mobile phase. The system was operating isocrati-
cally at a flow rate of 1 mL/min. Glucosides were identified
by comparing their retention times with those of authentic
linamarin and lotaustralin standards (Stochmal and Oleszek,
1994). Quantification was based on an external standard
method.

Statistical Analyses. Analyses of regression were per-
formed with IBM Statgraphics program.
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Table 1. Lowest and Highest Concentrations of
Cyanogenic Glycosides in White Clover Varieties during
the Vegetation Season

lowest concentration highest concentration

mg of HCN/ mg of HCN/
mg/g of kg of dry mg/g of kg of dry

variety  dry matter matter dry matter matter
Anda 2.573 267 9.428 996
Armena 2.337 245 11.462 1204
Santa 2.169 229 7.620 804
Romena 1.708 181 6.754 716
Astra 0.847 90 5.161 547
Rema 0.846 89 4.276 453
Milkanova 0.522 56 4.156 440
Podkowa traces traces traces traces

RESULTS AND DISCUSSION

Preliminary studies of cyanogenic glucosides content
in white clover samples showed pronounced differences
between samples collected during different seasonal
periods. The most distinct differences were observed
during the season of 1994 when plants were at the
second year of full utilization and at best physiological
status. Thus, the data presented in this paper cover
the full season of 1994 when samples were taken every
week. Table 1 shows the lowest and the highest
cyanogen concentrations registered for all varieties
during the season. Only the oldest variety, Podkowa,
selected from the local Polish populations, showed traces
of cyanogens, which were below the detection limit of
HPLC. Milkanova, which had in Swiss conditions 370
mg of HCN/kg (Lehmann et al., 1990), showed in the
present studies the lowest concentration of 56 and the
highest of 440 mg of HCN/kg of dry matter. Six other
Polish varieties during the period favorable for low
synthesis could be recognized as a low or intermediate
cyanogenic, if we accept the Swiss level of 370 mg of
HCN/kg of dry matter (Lehmann et al.,, 1990). But
during the periods favorable for highest accumulation
(spring and autumn), none of the tested varieties,
including Milkanova, could be recognized as low or
intermediate. All of them could be classified as high
cyanogenic varieties. These data clearly show the
impact of the season on the rate of cyanogen synthesis
and also how important for the evaluation of these
compounds is a period of sample collection. The results
are generally in agreement with the data of Vickery et
al. (1987), showing that variation in a HCN of 200—
520 mg/kg of DM is possible for the range between
winter and late spring for unfertilized white clover.

Detailed changes in the concentration of total cyano-
gen content (linamarin + lotaustralin) during the grow-
ing season are presented in Figures 1 and 2. The seven
varieties accumulated cyanogens in a similar pattern.
Highest concentration was observed during the spring
months (May—June) with a rapid decrease in July and
gradual increase during August to the spring level in
autumn (September—October). This seems to support
the view expressed by Baker and Williams (1987) that
cyanogen concentration increases at the periods with
low temperatures.

In the present study regressions relating cyanogen
content to the air temperature (Figure 3) were calcu-
lated for seven cultivars. The highest correlation coef-
ficients (P < 0.01) between cyanogen level and temper-
ature were found for the case when temperature pre-
sented a mean value for four days preceding sampling
(Table 2). These coefficients had the values of —0.63,
—0.60, —0.72, —0.54, —0.57, —0.74, and —0.66 for Anda,
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Figure 1. Seasonal changes (1994) in cyanogenic glucoside
content in white clover cv. Milkanova, Santa, Anda, and Astra.
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Figure 2. Seasonal changes (1994) in cyanogenic glucoside
content in white clover cv. Rema, Armena, and Romena.
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Figure 3. Mean air temperature (1994) for four days preced-
ing clover sampling.

Armena, Astra, Rema, Romena, Santa, and Milkanova,
respectively; when temperature went up for four days,
plants reacted by decreasing the biosynthesis of cyano-
gens. Comparison of the curve corresponding to the
mean temperature for four days (Figure 3) with the
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Table 2. Linear Correlation Coefficients of Cyanogen
Concentration with Average Surface Daily Air
Temperature (P < 0.01)

sample?2 Anda Armena Astra Rema Romena Santa Milkanova

0.55 0.48 0.64 0.44 0.48 0.66 0.60
0.60 0.53 0.68 0.49 0.53 0.70 0.62
0.61 0.57 0.69 0.50 0.53 0.71 0.59
. . 0.53 0.56 0.74 0.64
0.63 0.60 0.72 054 0.57 0.74 0.66
0.52 0.49 0.61 0.42 0.41 0.64 0.57
0.56 0.51 0.69 0.41 0.49 0.65 0.62
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a (1) Average temperature for the sampling day. (2) Average
temperature for the sampling and one preceding day. (3) Average
temperature for the sampling and two preceding days. (4) Average
temperature for the sampling and three preceding days. (5)
Average temperature for the sampling and four preceding days.
(6) Average temperature for the sampling and five preceding days.
(7) Average temperature for the sampling and six preceding days.
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Figure 4. Linamarin/lotaustralin ratio in seven white clover
varieties.

curves (Figures 1 and 2) presenting cyanogen changes
shows that when the mean temperature was dropping
down below 15 °C, the concentration of cyanogens was
the highest. Increase of temperature above 15 °C
resulted in a gradual decrease of cyanogen concentration
to the minimal value obtained at the highest tempera-
ture of the season which was 23—24 °C. Plants reacted
to the temperature changes in a similar manner in a
different periods of the growing season. It was evident
that even short warming in the middle of September
resulted in drastic decrease in cyanogen concentration.
Fluctuations in temperature at the range of 5—15 °C
had no impact on cyanogen level.

Application of the analytical HPLC procedure for the
determination of linamarin and lotaustarlin made it
possible to determine their ratio (lin/lot) in different
cultivars. Literature data which were so far based on
the extraction efficiency indicated that lin/lot ratio may
range between 0.50 and 0.67 (Butler, 1965), and in some
cultivars lotaustralin can make up to 80% of total
cyanogens (Blaim, 1965). Present findings fully support
these data. The lin/lot ratio ranged from 0.4 (Armena)
up to 0.8 (Romena) in a number of tested cultivars. Some
regularity could be observed, however, in the presented
data (Figure 4). Cultivars having high total cyanogen
concentration (Anda, Armena, Santa) showed lower
values of lin/lot ratio in comparison to the varieties with
intermediate levels of total cyanogens (Astra, Rema,
Romena, Milkanova). This means that high cyanogen
varieties more preferably synthesize lotaustralin than
linamarin.
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The exact function of cyanogenic glucosides in plants
has not been fully understood. However, there are
many indications that HCN, acetone, and 2-butanone
released during cyanogen hydrolysis are important
factors of plant defense systems against herbivores
(Jones, 1978; Nahrstedt, 1985, 1988; Selmar et al.,
1988). But plant by itself has to solve the economic
problem “to grow” or “to defend” (Herms and Mattson,
1992). The growth-differentiation balance (GDB) hy-
pothesis has as its fundamental premise the existence
of physiological trade-off between growth and dif-
ferentiation, the later term including secondary me-
tabolites synthesis (Tuomi et al., 1990). Two groups of
plants can be recognized under this theory: growth-
dominated with rapid growth and poor chemical defense
and differentiation-dominated plants with a slow growth
rate and good defense with high levels of toxins (Herms
and Mattson, 1992; Harborne, 1992). The data obtained
in the present research for white clover may indicate
that one plant species can possess both mechanisms,
switching between growth and differentiation type
according to environmental conditions. During the
periods when temperature is below 15 °C and vegetative
growth is very slow, clover plants seem to defend
themselves against herbivores by a drastic increase in
synthesis of cyanogens. When environmental conditions
for rapid regrowth improve and grazing creates little
hazard for the plant, the synthesis of cyanogens is
strongly reduced. To shed more light on to this hypoth-
esis, more research is needed to study the rate of
cyanogen synthesis in white clover under some other
conditions not favorable for rapid regrowth.

LITERATURE CITED

Baker, M. J.; Williams, W. M. White clover; A. A. B. Interna-
tional: Aberystwyth, 1987.

Beilstein, M.; Whanger, P. Effects of cyanide on selenium
metabolism in rats. J. Nutr. 1984, 114, 929—-937.

Blaim, K. Secondary metabolites of crop plants; PWRIL:
Warsaw, 1965.

Butler, G. W. The distribution of cyanoglucosides linamarin
and lotaustralin in higher plants. Phytochemistry 1965, 4,
127-131.

Daday, H. Gene frequencies in wild populations of Trifolium
repens. |. Distribution by latitude. Heredity 1954a, 8, 61—
78.

Daday, H. Gene frequencies in wild populations of Trifolium
repens. 1. Distribution by altitude. Heredity 1954b, 8, 377—
384.

De Araujo, A. M. The relationship between altitude and
cyanogenesis in white clover (Trifolium repens L.). Heredity
1976, 37, 291—-291.

Elzubeir, E.; Davis, R. Effect of dietary sodium nitro-prusside
as a source of cyanide on the selenium status of chicks given
diets of varying selenium concentration. Br. Poultry Sci.
1988, 29, 769—777.

Foulds, W.; Grime, J. P. The response of cyanogenic and
acyanogenic phenotypes of Trifolium repens to soil moisture
supply. Heredity 1972, 28, 181—187.

Harborne, J. B. Introduction to Ecological Biochemistry;
Academic Press: London, 1992.

Herms, D.; Mattson, W. J. The dilemma of plants: To grow or
defend. Q. Rev. Biol. 1992, 67, 283—335.

Howlett, W. P.; Brubaker, G. R.; Mlingi, N.; Rosling, H. Konzo,
an epidemic upper motor neuron disease studied in Tanza-
nia. Brain 1990, 113, 223—235.

Jones, D. A. Cyanogenic glycosides and their function. In
Phytochemical ecology; Harborne, J. B., Ed.; Academic
Press: London, 1972; pp 103—124.



4336 J. Agric. Food Chem., Vol. 45, No. 11, 1997

Lehmann, J.; Meister, E.; Gutzwiller, A.; Jans, F.; Charles, J.
P.; Blum, J. Sollen stark blausalurehaltige Weisskleesorten
in Gras-Weissklee-Mischungen eingesetzt werden? Land-
wirtsch. Schweiz Band. 1990, 3, 559—565.

Montgomery, R. D. Cyanogens. In Toxic Constituents of Plant
Foodstuff; Liener, I. E., Ed.; Academic Press: New York,
1980; pp 143—160.

Nahrstedt, A. Cyanogenic compounds as protecting agents for
organisms. Plant Syst. Evol. 1985, 150, 35—47.

Nahrstedt, A. Cyanogenesis and the role of cyanogenic com-
pounds in insects. In Cyanide Compounds in Biology; CIBA
Foundation, Ed.; Wiley: Chichester, U.K., 1988; pp 131—
145.

Pederson, G. A,; Fairbrother, T. E.; Greene, S. L. Cyanogenesis
and climatic relationships in U.S. white clover germplasm
collection and core subset. Crop Sci. 1996, 36, 427—
433.

Rosling, H. Cassava Toxicity and Food Security; Tryck Kon-
takt: Uppsala, Sweden, 1987.

Selmar, D.; Lieberei, R.; Biehl, B. Mobilization and utilization
of cyanogenic glycosides. Plant Physiol. 1988, 86, 711—
716.

Solomonson, L. P. Cyanide as metabolic inhibitor. In Cyanide
in Biology; Vennesland, B., Conn, E. E., Knowles, C. J.,

Stochmal and Oleszek

Westley, J., Wissing, F., Eds.; Academic Press: London,
1981; pp 11-28.

Stochmal, A.; Oleszek, W. Determination of cyanogenic glu-
cosides in white clover (Trifolium repens L.) by high
performance liquid chromatography. Phytochem. Anal. 1994,
5, 271-272.

Stochmal, A.; Oleszek W. Application of liquid chromatography
for the determination of cyanogenic glucosides in Polish
varieties of white clover (Trifolium repens L.). Pam. Pul.
1995, 106, 119—130.

Tuomi, J.; Niemela, P.; Sirén, S. The panglossian paradigm
and delayed inducible accumulation of foliar phenolics in
mountain birch. OIKOS 1990, 59, 399—410.

Vickery, P. J.; Wheeler, J. L.; Mulcahy, C. Factors affecting
the hydrogen cyanide potential of white clover (Trifolium
repens L.). Aust. J. Agric. Res. 1987, 38, 1053—1059.

Received for review May 23, 1997. Revised manuscript
received September 2, 1997. Accepted September 11, 1997.®

JF970435E

® Abstract published in Advance ACS Abstracts, No-
vember 1, 1997.



