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The occurrence of biologically active compounds identified for the first time in the lipophilic extracts
of yellow birch (Betula alleghaniensis Britt.) foliage led to the quantification of the seasonal variation
of their concentrations. Yellow birch foliage was collected from late June until late September 2003
in two different regions of Quebec. The extraction yields using hexane as a solvent were determined,
and the extracts were analyzed by GC-MS to identify their molecular composition. In terms of both
extraction yields and the concentration of the targeted molecules present in the extracts, mid-
September has been determined as the best time to collect foliage samples. A total of 14 constituents
were identified in these extracts. This is the first report of the presence of all of these constituents in
yellow birch foliage and of some of them in the genus Betula. The most important compounds identified
in yellow birch foliage extracts are triterpene squalene and aliphatic hydrocarbon tetracosan, aliphatic
alcohol phytol, fatty acids hexadecanoic and octadecanoic, pentacyclic triterpenes R- and â-amyrin,
and phytosterol stigmast-5-en-3-ol.
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INTRODUCTION

The announced upcoming global oil crisis will deeply affect
the living habits of industrialized countries. The problems
generated by the future lack of oil will affect not only the motor
but also the plastics, cosmetics, and pharmaceuticals industries.
One of the possibilities to provide bioactive molecules for the
latter two industries would be a complete utilization of forest
resources. Yellow birch is a common tree in North America,
growing from the northern United States to southern Canada.
It is the emblem tree of Quebec and the second most important
hardwood species for its wood industry, which processes nearly
1 200 000 m3 of yellow birch wood annually (data for 2003).
Its forest exploitation generates huge quantities of different types
of residues: bark, small branches, and foliage. Many biologically
active compounds have been identified in the bark of different
birch species (1). Previous work (2-4) has confirmed the
presence of pentacyclic triterpenes with lupane skeletons in
yellow birch (Betula alleghaniensisBritt.) bark. Here we report
the results of a study of the chemical constituents of the
lipophilic extracts of yellow birch foliage as well as their
variation during the growing season and the influence of the
site of sampling. There has been little work done on this subject.
A partial evaluation of the phenolic content of birch foliage
has been conducted by Baldwin et al. (5). They studied the
condensed tannins, total phenolics, and protein binding (astrin-

gency) capacity of the extracts from yellow birch (B. alleh-
ganiensis) and sugar maple (Acer saccharum). They did not
find any significant variation in the composition of these extracts
due to geographical location of the sampling site, but they did
find significant seasonal changes in the chemical composition
of the extracts. Comparable studies have been done on phenolic
concentrations in the foliage of the European birches,Betula
pubescens(6-8) and Betula pendula(7). Many tetracyclic
dammarane-type triterpenes have been identified in birch foliage
as in a study ofBetula mandschuricafoliage (9). Research on
other birch species,B. pendulaand Betula ermanii(10, 12),
Betula kelleriana(11), andBetula nana(12), also confirmed
the presence of dammarane-type triterpenoids in the foliage.

The influence of the time of sampling has been studied
previously for the triterpenoid betulinol in the bark ofB. pendula
and B. pubescens(13), and no significant variation with the
season was found. The seasonal variation of the extractive
composition of foliage has been studied for the hydrolyzable
tannins in the foliage ofB. pubescens(14). The results of that
work showed that the concentration of galloylglucose dropped
with the advancement of the season but that the ellagitannins
seemed to stay constant until the end of July, when they
suddenly increased before dropping again. Nurmi et al. (8)
studied the low molar mass phenolic compounds in the foliage
of the same species. The results of their study showed that the
variation of low molecular weight polyphenols was hardly
noticeable during the green period of the leaves. Salminen et
al. examined the seasonal variation of hydrolyzable tannins in
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the foliage of other Finnish species of birch,B. nana, B. pendula,
and another variety ofB. pubescens(15). Their results confirmed
the significant seasonal variation of some hydrolyzable tannin
concentrations within these species, and they were able to relate
these to the biosynthetic pathways of the targeted compounds.
The seasonal variation of carotene, chlorophyll, and ascorbic
acid in the foliage ofBetula alba, Betula fruticosa, and
B. pendulahas been studied in Russia (16). Molecules such as
ascorbate are present in higher concentrations at the very
beginning and at the end of summer and are at their lowest in
June. Finally, there have been two investigations on the seasonal
variation of chemical components as available carbohydrate,
crude fiber, hemicellulose, holocellulose, lignin, polyphenols,
N, P, ash K, Ca, and Mg in the leaves of yellow birch (17,18).
The main goal of our research was to investigate the effects of
seasonal and geographical variation on the chemical composition
of yellow birch foliage lipophilic extracts. Furthermore, after
the identification of the molecular composition of these lipo-
philic extracts, we were able to evaluate the best time to collect
the foliage to get the optimal concentration of the bioactive
molecules.

MATERIALS AND METHODS

Foliage Sampling.Yellow birch leaves were sampled near the town
of St-Félix d’Otis in the Saguenay Lac-St-Jean region of Quebec during
September 2001. Foliage had been collected from three different trees,
and the ages were determined after felling to be 28, 35, and 47 years,
with corresponding diameters at breast height of 13, 18, and 15 cm,
respectively. Foliage was also sampled weekly near the town of St-
Cyrille de Lessard in the Chaudière-Appalache region of Quebec. The
foliage was collected from late June until late September 2003 from a
single standing tree. The diameter of the tree was 26 cm at breast height.
All samples were immediately placed on ice and then frozen at
-15 °C until extraction in the laboratory.

Extraction and Solvents.Before extraction, the leaves were dried
in an oven at 60°C for 1 week to eliminate volatile compounds. The
samples were then ground to a powder with a laboratory grinder
(Cyclotec 1093 sample mix Tecator) without sieving. Sanples of 5-
10 g of the ground foliage were extracted for 6 h by Soxhlet, using
hexane as a solvent for lipophilic substances. The hexane was of reagent
grade HPLC (Aldrich Inc., Whitby, ON, Canada). The solvent was then
removed under reduced pressure at 40°C. The crude extracts were
then dried in an oven at 60°C for at least 24 h to constant mass, for
extraction yield calculations purposes. The dry extracts were finally
dissolved in 5 mL of pure hexane to perform GC-MS analysis. Five
microliters of each extract was injected into a GC-MS (Hewlett-Packard
Inc.).

Pure Compounds and GC-MS.The GC-MS used in our experi-
ments is a Hewlett-Packard. The GC was a HP5890 model coupled
with a DB-5 column eluted with helium. The column was 30 m long
by 0.25 mm wide and was loaded with a 0.25µm methyl (5% phenyl)
silicone packing film (Chromatographic Spec. Inc.). The mass spec-
trometer was a HP5972 model. The temperature program in the GC
core started at 100°C and then increased at a rate of 25°C/min until
it reached 280°C. It then increased at a rate of 5°C/min until a
temperature of 325°C was reached. The temperature of the injector
was 225°C, and the split value was 1:46. The molecular ionization
was made by electron impact (EI) at 70 eV. The scanning range was
betweenm/z40 and 700, and the temperature source was 162°C. The
chromatographic identifications were performed by comparisons with
the mass spectra of the authenticated compounds or by direct
comparison to literature mass spectra. Comparison to pure compounds
has been made with the previously injected standards at the Laseve
laboratory in Chicoutimi, PQ, Canada. The evaluation of the molecular
concentration was based on surfaces in the MS-TIC chromatograms.

RESULTS

Extraction Yields. Comparison of the results for the extrac-
tion yields obtained from yellow birch leaves collected from

trees of comparable ages from two different geographic loca-
tions, St-Félix d’Otis (48°16′ 24′′,-70° 37′) and St-Cyrille de
Lessard (47°3′ 59′′, -70° 7′ 29′′), at approximately the same
time of year confirmed that no substantial differences in the
amounts of extracts were found (Tables 1and2).

The extraction yields obtained from the foliage collected from
the oldest tree at the St-Félix d’Otis site in September 2001
seemed to match the extraction yields determined from foliage
collected during the same period in September 2003 at the
St-Cyrille de Lessard site (Tables 1and2). Different patterns
of concentration variations were determined for the triterpene
and other lipophilic constituents of extracts of yellow birch
foliage (Figures 2and3).

The concentration ofR-amyrin remained relatively stable
throughout the sampling period and that ofâ-amyrin decreased
steadily to reach zero by the end of the sampling period for the
St-Cyrille site, whereas the concentration of squalene reached
values of 15 and 25% in August and September, respectively,
after which it started to decrease (Figure 3). The concentration
of betulonic aldehyde was very low throughout the sampling
period and then increased abruptly in mid-September to 10%
of the extract (Figure 3). The concentration of 1,10-undecadiene
was∼1% in the extracts of foliage collected in the beginning
of the sampling and slightly increased with progression of time
to drop to zero in the beginning of August (Figure 2). Similar
concentrations were observed for hexadecanoic acid, which
represented nearly 5% of the extracts collected at the beginning
of sampling and then dropped to zero at the beginning of August
and increased again to nearly 2% of the extract by mid-
September (Figure 2). The concentration of phytol increased
from 1% in June to a maximum of 3% at the beginning of

Table 1. Net Hexane Extraction Yields, Temperature, and Amount of
Precipitations for Three Foliage Samples Harvested in St-Félix d’Otis
on September 17, 2001a

age (years)/diameter (cm)
of the specimen temp (°C)/precip (mm)

hexane
extraction
yield (%)

28/13.05 16.2/0.8 1.26
35/17.83 16.2/0.8 1.68
47/14.96 16.2/0.8 2.10

a Total amount of precipitation for the summer of 2001 at this location was
271.8 mm. Maximum temperature was 32.2 °C, and minimum was 0.2 °C.

Table 2. Net Hexane Extraction Yields, Temperature, and Amount of
Precipitation for Foliage Samples Harvested at St-Cyrille de Lessard
Site during the Summer of 2003a

sampling date temp (°C)/precip (mm)
extraction
yield (%)

June 29, 2003 21.9/2.6 1.77
July 5, 2003 21.6/0.6 2.18
July 13, 2003 17.9/1.6 1.66
July 20, 2003 19.4/3.2 1.99
July 31, 2003 20.5/0 0.98
Aug 3, 2003 23.6/0 0.96
Aug 10, 2003 16.8/41.4 1.20
Aug 17, 2003 19.8/0 1.76
Aug 24, 2003 12.8/0 1.01
Sept 1, 2003 15.9/0 1.56
Sept 7, 2003 14.4/0 1.24
Sept 14, 2003 21.1/0 1.75
Sept 19, 2003 17.1/3.2 2.51
Sept 27, 2003 16.1/0 1.97

a Total amount of precipitation for the summer of 2003 at this location was
361.2 mm; maximal temperature recorded was 29.2°C and minimal, 4.2°C.
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September and then dropped to zero (Figure 2). The concentra-
tion of octadecanoic acid varied between 1 and 4% of the
extracts from leaves collected from early June to mid-August
and then disappeared completely from the extracts in the second
week of August (Figure 2). The concentration of tetracosan
remained relatively stable at∼1.5% throughout the sampling
season to decrease by mid-August and the second week of
September.

Hexacosanal was constantly present in the foliage extracts
throughout the sampling period, at concentrations varying from
4 to 6.5% (Figure 2). The concentration of hexacosanoic acid
remained stable, at 1-2% of the extracts, throughout the
sampling period (Figure 3). The squalene concentration in-
creased with progression of the season. We determined the

concentration of squalene at the beginning of the sampling
period to be∼1% of the extract, to increase to almost 25% of
the extract by mid-September, and to decrease again to 10% at
the end of the season (Figure 3). Contrary to what we found
for squalene, the concentration of stigmast-5-en-3-ol decreased
through the sampling period, from nearly 20% in late June to
12-13% at the end of the season (Figure 3). The concentration
of octatricontanoic acid remained steady throughout the sam-
pling period and then dropped to zero at the end of the sampling
period (Figure 3). Finally, the concentrations of hexadecanoic
acid, octacosyl ester, remained high, between 15 and 25% of
the extracts, throughout the sampling period, decreasing slightly
by the end of sampling period but remaining still at 15% of the
extract at the end of the sampling (Figure 3).

Figure 1. Structures, formulas, and CAS Registry numbers (provided by the author) of the molecules identified in the yellow birch foliage extracts.
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DISCUSSION

Molecular Composition. The results presented inTable 4
demonstrate that the majority of the compounds (depicted in
Figure 1 and listed inTable 3) identified in the extracts of
foliage from the St-Félix d’Otis site were confirmed 2 years
later in the extracts of foliage from the St-Cyrille de Lessard
site. This indicates that it may be a standard molecular
composition of yellow birch foliage extracts, regardless of the
geographical location of the sampling site.

Compound I (1,10-undecadiene) is not a compound com-
monly associated with plant tissues in the literature. This
constituent has been only once reported from plants, in the
essential oils from cantaloupe (19).

The concentration of this compound in the extracts of yellow
birch foliage is very low, reaching zero 1 month after the

beginning of sampling in June (Figure 2). A literature survey
found no mention of the medicinal properties of 1,10-undeca-
diene. The presence of this compound in our chromatograms
was confirmed through comparisons from literature data on the
mass spectrum.

Compound II (hexadecanoic acid) is a constituent commonly
associated with plant tissues, often reported in scientific
publications. We have determined it to be present in the yellow
birch foliage extracts only at the beginning of the summer
period, its concentration in the extracts constantly decreasing
throughout the sampling period, to disappear completely at the
beginning of August (Figure 2). The hexadecanoic acid has
already been identified in the foliage from native birches of
Turkey: Betula browicziana,Betula litwinowii, Betula med-
wedewii, B. pendulaandBetula recurVata (20). It has also been

Figure 2. Variation of the relative concentration of the low molecular mass compounds (compounds I−VI) in yellow birch foliage extracts.

Figure 3. Variation of the relative concentration of the higher molecular mass compounds (compounds VII−XIV) in yellow birch foliage extracts.
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identified in the leaves of aB. pendulagrowing in Russia
(21-23) and in the extracts obtained from the inner bark of
BetulaVerrucosa(24). Finally, this compound has been previ-
ously reported from yellow birch wood (25,26). To the best of
our knowledge, this is the first report on its presence in the
foliage of yellow birch. Specific pharmacological properties have
not been attributed to this molecule, despite its frequent
occurrence in biologically active extracts. For instance, palmitic
(hexadecanoic) acid has been identified in the extracts of the
medicinal plantSideritis taurica, which have been proved to
possess analgesic, anti-inflammatory, antiulcerogenic, and anti-
hyperglycemic activities (27). It has also been reported in the
extracts fromPlantago albicans(28), Inula montana(29),
Andrographis paniculata(30),Pentanisia prunelloides(31), and
Dalbergia sissoo(32), some of which are medicinal plants. We
have identified it in yellow birch hexane extracts by comparison
to authentic compound.

Compound III (phytol) is also widespread in plant tissues.
Its concentration in yellow birch foliage extracts seems to remain
constant at 2% throughout the season, except for a little variation

in September when its concentration reached 3% of the extract.
This increase could be linked to the chlorophyll and the late
seasonal variation of the pigmentation of the leaves. The
breaking of the phytol bond in chlorophyll of the foliage in fall
has already been proposed as an explanation for the larger
amounts of this constituent in foliage extracts in autumn (33).
This molecule has been identified in the foliage of Turkish
birches studied by Demirci (20). Even though this compound
has been often found in medicinally potent plant extracts, no
extended clinical studies have been performed on it. The
antiinflammatory and hepatoprotective properties ofI. montana
extracts (29) have been long exploited in traditional medicine.
This molecule is also closely related to the extracts ofColeus
parVifolius with HIV-1 integrase inhibitory properties (34).
Phytol presence was confirmed in the extracts ofBallota
pseudodictamnus, having antimicrobial activity (35), and those
of Morinda citrifolia with antitubercular properties (36), which
inhibit the mutagenesis and tumor cell growth (37). It was
identified in our extracts by comparison with pure phytol.

Table 3. Molecules Identified in Yellow Birch Foliage Extracts from St-Cyrille de Lessard and St-Félix d’Otis

compd mass spectrum [m/z (intensity)] tR (min) identification

I 152 (1), 137 (6), 124 (14), 123 (31), 111 (12), 109 (17), 97 (25), 96 (21), 95 (59), 83 (38),
82 (62), 81 (41), 71 (36), 70 (15), 69 (61), 68 (91), 67 (50), 57 (71), 56 (22),
55 (78), 53 (17), 44 (20), 43 (100), 41 (90)

7.834 1,10-undecadiene

II 256 (1), 213 (10), 157 (9), 129 (27), 155 (11), 97 (15), 87 (16), 85 (19), 84 (10), 83 (21),
73 (91), 71 (33), 69 (33), 61 (23), 60 (89), 57 (63), 56 (17), 55 (67), 45 (12),
43 (100), 42 (18), 41 (83)

8.381 hexadecanoic acid

III 296 (1), 126 (4), 123 (18), 111 (6), 95 (12), 83 (14), 82 (10), 81 (22), 72 (6), 71 (100),
70 (14), 69 (25), 68 (17), 67 (10), 57 (33), 56 (16), 55 (31), 43 (46), 42 (6), 41 (39)

9.100 phytol

IV 284 (9), 185 (10), 129 (23), 115 (10), 97 (18), 96 (8), 95 (14), 87 (13), 85 (19), 84 (10),
83 (25), 82 (10), 81 (16), 79 (17), 73 (86), 71 (33), 70 (13), 69 (40), 68 (12),
67 (25), 61 (20), 60 (68), 57 (62), 56 (19), 55 (77), 54 (10), 45 (11), 44 (20),
43 (100), 42 (20), 41 (88)

9.297 octadecanoic acid

V 338 (1), 141 (3), 130 (3), 127 (4), 125 (4), 99 (11), 98 (5), 97 (15), 85 (38), 84 (7), 83 (20),
71 (57), 70 (13), 69 (21), 57 (100), 56 (17), 55 (35), 43 (85), 42 (10), 41 (41)

11.045 tetracosane

VI 380 (1), 155 (2), 139 (3), 127 (4), 125 (7), 113 (7), 112 (5), 111 (15), 99 (11), 98 (8),
97 (31), 85 (37), 84 (11), 83 (34), 82 (15), 71 (57), 70 (18), 69 (36), 68 (13),
57 (100), 56 (24), 55 (51), 43 (89), 42 (11), 41 (43)

12.340 hexacosanal

VII 396 (1), 195 (3), 167 (4), 153 (5), 139 (7), 125 (17), 124 (4), 113 (5), 112 (11), 111 (30),
110 (5), 99 (6), 98 (14), 97 (67), 96 (16), 85 (22), 84 (20), 83 (69), 82 (32), 81 (11),
71 (47), 70 (36), 69 (65), 68 (19), 67 (17), 57 (93), 56 (40), 55 (100), 54 (12),
43 (98), 42 (16), 41 (78)

12.640 hexacosanoic acid

VIII 410 (1), 395 (1), 367 (1), 341 (2), 325 (1), 299 (1), 273 (1), 257 (1), 231 (2), 217 (2),
203 (2), 175 (3), 161 (4), 137 (10), 121 (8), 95 (12), 81 (50), 69 (100), 41 (30), 32 (2)

13.23 squalene

IX 398 (1), 396 (6), 329 (11), 303 (11), 273 (8), 255 (10), 231 (9), 213 (16), 199 (7), 178 (7),
163 (17), 161 (18), 160 (10), 159 (18), 145 (26), 135 (15), 134 (13), 133 (20),
131 (16), 123 (15), 121 (20), 120 (16), 119 (27), 109 (18), 107 (35), 105 (35), 95 (35),
93 (29), 91 (31), 81 (38), 71 (19), 69 (38), 67 (28), 57 (49), 55 (58), 43 (100), 41 (57)

18.062 stigmast-5-en-3-ol

X 426 (1), 231 (2), 220 (2), 219 (19), 218 (100), 205 (18), 204 (12), 203 (57), 189 (16), 149 (9),
148 (5), 147 (8), 137 (10), 136 (10), 135 (16), 133 (13), 123 (10), 121 (15), 119 (19),
109 (22), 107 (21), 105 (21), 95 (30), 94 (15), 93 (21), 91 (18), 81 (27), 79 (19),
69 (35), 67 (19), 55 (44), 43 (24), 41 (37)

18.350 â-amyrin

XI 426 (2), 257 (3), 219 (19), 218 (100), 204 (10), 203 (50), 189 (18), 175 (8), 161 (8), 147 (13),
137 (9), 136 (10), 135 (16), 133 (13), 121 (17), 119 (19), 109 (21), 107 (21), 105 (23),
95 (31), 94 (14), 93 (21), 91 (19), 83 (10), 81 (29), 79 (18), 71 (9), 69 (42), 67 (20),
57 (26), 55 (44), 43 (42), 41 (38)

18.700 R-amyrin

XII 438 (1), 216 (8), 203 (16), 201 (13), 175 (23), 173 (18), 163 (10), 161 (19), 159 (15), 149 (16),
148 (13), 147 (28), 145 (18), 135 (27), 134 (16), 133 (31), 131 (14), 123 (24),
122 (13), 121 (35), 119 (38), 109 (35), 108 (12), 107 (48), 105 (37), 97 (13), 96 (11),
95 (60), 94 (12), 93 (50), 91 (41), 83 (30), 81 (49), 77 (19), 71 (17), 69 (93), 68 (10),
67 (45), 57 (28), 55 (100), 43 (62), 41 (76)

19.700 betulonic aldehyde

XIII 564 (3), 257 (31), 229 (38), 139 (4), 125 (10), 111 (20), 98 (11), 97 (40), 96 (10), 85 (30),
84 (14), 83 (45), 82 (18), 81 (10), 73 (13), 71 (50), 70 (17), 69 (46), 57 (100), 56 (22),
55 (59), 43 (92), 42 (12), 41 (38)

28.490 octatricontanoic acid

XIV 592 (2), 258 (10), 257 (58), 139 (4), 129 (7), 125 (10), 111 (20), 98 (10), 97 (40), 85 (31),
84 (13), 83 (44), 82 (17), 81 (10), 73 (14), 71 (51), 70 (17), 69 (45), 68 (13), 67 (11),
61 (11), 57 (100), 56 (21), 55 (56), 44 (3), 43 (90), 42 (12), 41 (36)

34.980 hexadecanoic acid,
octacosyl ester
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Compound IV (octadecanoic acid) has been determined in
small concentrations in the extracts of the yellow birch foliage
studied here, throughout the sampling season (Figure 2). This
acid, commonly accompanied in plants by hexadecanoic acid
(compoundII) has already been reported from buds and leaves
of Betula species (22, 23, 39), in pulp waste ofBetula
platyphylla(39), and in the inner bark ofB. Verrucosa(24) as
well as in wood ofB. alleghaniensis(25, 26). To the best of
our knowledge this is the first report of its presence in the leaves
of yellow birch. Given the fact that this acid is commonly
accompanied by palmitic acid in plant tissues, it is normal that
these compounds are related to the same medicinal plants.

The extracts ofS. taurica, which also contain this acid, have
analgesic, anti-inflammatory, antiulcerogenic, and antihyper-
glycemic activities (27), as is the case with the extracts of
P. albicans(28), whereas the extracts ofPlocamium telfairiae
have antitumor activity (40) and finally those fromDalbergia
sissoo have anti-inflammatory, antipyretic, analgesic, and
estrogen-like activities (32). It was identified in our extracts by
comparison to authentic compound.

Compound V (tetracosane) is one of the rare compounds
the concentration of which remained relatively stable (∼1% of
the extracts) throughout the sampling period (Figure 2). It has
been reported previously only in the bark ofB. platyphylla(41).
It is a common constituent ofRhizophoraspecies (R. mangle,
R. racemosa, andR. harrisonii) (42) and of the plantMyrthus
communis(43). This compound is commonly found together
with palmitic and stearic acids in the extracts of plant tissues
with medicinal value. Coincidently, its presence was also
confirmed in theS. tauricaextracts with important biological
properties already discussed (27). Its presence is also commonly
associated with the antipyretic, antiinflammatory, and hepato-
protective activity of the aerial part extracts fromI. montana
(29), for the analgesic, tranquilizing, and progesterone-like
effects ofLagonychium farctum(44), for the hypoglycemic and
hypocholesterolemic activity ofTamarindus indica(45), and
for the improvement in the blood cholesterol, triglycerides, and
creatinine in rats by the extracts from the seeds ofBalanites
aegyptiaca(46). Its presence in yellow birch foliage extracts
was confirmed by comparison with literature data on mass
spectra.

Compound VI (hexacosanal) was present in yellow birch
foliage extracts at concentrations varying between 3 and 7%
for most of the sampling period and dropped to a minimum of
1.5% during the third week of August (Figure 2). This aliphatic
aldehyde, closely associated with plant waxes, is to the best of

our knowledge for the first time reported from a birch tissue.
This constituent has been identified previously in apples (47),
in many species of the genusEuphorbiagrowing in Greece (48),
in olive oil (49), in Thymus(50), and among trees in the foliage
of Quercus robur(51) as well as in the foliage of many species
of aspen (52). This molecule has not been associated with any
specific medicinal properties in the literature. Its presence in
our extracts was confirmed by comparison with literature data
on the mass spectrum.

Compound VII (hexacosanoic acid) was determined to be
present at a low concentration of∼1% throughout the sampling
period (Figure 3). It has been previously reported from the
extracts ofRhododendron canescens(53) and from five different
species of the genusArachis: A. grandulifera, A. batizocoi,
A. ipaensis,A. chacoense, andA. paraguariensis(54). There
are few studies associating this compound with medicinal
properties. Ansari et al. (55) identified this molecule in the
extracts ofEupatorium adenophorum, the administration of
which was associated with an increase of motor activity. Positive
effects of this compound in treating adrenoleukodistrophy were
demonstrated in experiments with rats (56). Its presence in
yellow birch extracts was confirmed by comparison with
literature data on the mass spectrum.

Compound VIII (squalene) is a noncyclic triterpene and is
a precursor in the biosynthetic route to the cyclic triterpenoids
(57). Its concentration is low in the beginning of the sampling
period but gains importance during the season; squalene
becomes one of the major constituents of the extracts by the
end of the season, reaching the concentration of 25% of the
yellow birch foliage extract by mid-September (Figure 3). We
have already identified this molecule in the wood of yellow
birch (58); this molecule has never been reported in any other
tissue of yellow birch. This compound has already been
identified in the wood of another birch species,B. Verrucosa
(24,59), and also in the wood of the linden tree,Tilia Vulgaris
(60).

The presence of squalene in olive oil is often related to its
nutraceutical value and to the benefits for the health upon its
consumption (61). As with palmitic and stearic acid, the presence
of squalene inS. tauricaextracts can be related to the analgesic,
anti-inflammatory, antiulcerogenic, and antihyperglycemic ef-
fects of this herbal tea commonly used in Turkey (27). It is
also related to the antibacterial properties ofSolanum elaeagni-
folium (62). Its presence in our extracts was confirmed by
injection of the pure compound.

Compound IX (stigmast-5-en-3-ol) has also been identified
in the wood of yellow birch by our research team (58). It is a
very important constituent of the yellow birch foliage extracts
studied here, its concentration varying from 10 to 20% of the
extract. This compound has also been reported in wood extracts
of Dichrostachys cinerea(63), Eucalyptus urophylla(64),
Markhamia zanzibarica(65), andStemmadenia donnell-smithii
(66). The use of phytosterols in preventive medicine is nowadays
very popular. Many studies performed with phytosterols in
recent years have proven the medicinal potential of these
compounds.

A recent patent proposed the use of phytosterols and
particularly stigmast-5-en-3-ol as anti-inflammatory agents and
in preventing cardiovascular diseases (67). Stigmast-5-en-3-ol
was determined in our extracts by comparison with the pure
compound.

Compound X (â-amyrin) was identified in yellow birch
internal bark extracts (2) and, furthermore, in specimens of
yellow birch foliage collected previously (in 2001) from the

Table 4. Comparison of the Chemical Composition of the Foliage
Extracts of Samples Collected at Comparable Times from St-Cyrille de
Lessard (September 14) and St-Félix d’Otis (September 17)

compd St-Cyrille de Lessard (%) St-Félix d’Otis (%)

1,10-undecadiene 1.27 0.86
hexadecanoic acid 0.75 0.44
phytol 0.53 1.62
octadecanoic acid 0.53 <0.1
tetracosane 1.30 0.83
hexacosanal 4.16 8.13
hexacosanoic acid 1.31 2.34
squalène 9.97 10.81
stigmast-5-en-3-ol 10.37 9.55
â-amyrin 2.69 1.92
R-amyrin 3.32 34.16
betulonic aldehyde 7.33 1.57
octatricontanoic acid <0.1 2.62
hexadecanoic acid,

octacosyl ester
13.89 7.04
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St-Félix d’Otis site. This molecule is present at low concentra-
tions (between 2 and 7%, dropping to zero at the end of
sampling period) but still conferring nutraceutical properties to
the leaves (69). This compound has never been reported before
in anotherBetula genus. It has been identified in the foliage
from many species ofRhizophora (42), in the leaves of
rhododendron (54), and in the foliage of many corn plants (69).
As is the case for the majority of the constituents of yellow
birch foliage extracts,â-amyrin is often found in medicinal
plants. The sedative effect ofMaytenus forsskaoliana(70), the
antispasmodic, antiarrhythmic, and anticholinergic properties of
SalVadora persica(71), the anti-inflammatory, antipyretic,
analgesic, and estrogen-like activities ofD. sissoo(32), the
analgesic activity ofAleurites moluccana(72), and the anti-
inflammatory, analgesic, and moderate antipyretic activity of
Cleome amblyocarpa(73) are all associated with the medicinal
properties of the amyrin-type triterpenoids (74, 75). â-Amyrin
was determined in our extracts by comparison, following the
injection of the pure compound.

Compound XI (R-amyrin) is a compound that we are
reporting for the first time from any tissue of any species
belonging to the genusBetula. This molecule is found in
relatively stable concentrations, up to 7% of the crude extract
(Figure 3). The compound has been proven to possess
therapeutically interesting features (68). It is widely distributed
in the genusRhizophora(42) and was also found in the foliage
of the corn plant (69).

Its pharmacological value has been observed in many plant
extracts. The analgesic, anti-inflammatory, antiulcerogenic, and
anti-hyperglycemic activities ofS. taurica(27) are associated
with the content ofR-amyrin in this herbal tea. This compound
is also closely associated with the anti-inflammatory and
analgesic activities ofHimatanthus sucuuba(76) and to the well
documented antilipoxygenase and antiarthritic activity of the
amyrin triterpenoids (74, 75). R-Amyrin was determined in our
extracts by comparison, following the injection of the pure
compound.

Compound XII (betulonic aldehyde) has already been
identified in bark extracts from the same species (B. al-
leghaniensis) (2, 3). We found it in low concentrations during
most of the summer season until September, when its concen-
tration almost doubled and remained at the same level until the
end of the sampling period (Figure 3). This molecule has also
been found in the bark of other birch species: in the outer bark
of B. nigra (77) and in the bark ofB. pendulaandB. pubescens
(78). It has been identified only once in the foliage of forest
trees, in the leaves of the Mediterranean oakQuercus suber
(79). We have not been able to find a citation linking this
compound to any specific medicinal property. Its presence in
yellow birch foliage extracts was determined by comparison to
pure compound.

Compound XIII (octatricontanoic acid) is a long-chain
aliphatic acid, which is possibly related to the waxy appearance
of the yellow birch foliage. Its concentration is found to be
relatively constant throughout the summer season until the
beginning of September, when it suddenly drops. This observa-
tion could be related to the imminent death of the foliage. The
identification of this molecule in plants has rarely been reported
in the literature.

It was found in sunflower oil (80), in theAmaranthus palmeri
(81), and in the foliage ofBreynia rhamnoids(82). We have
not found any citation in the literature associating the presence
of this particular molecule with any specific medicinal property.

Its presence in yellow birch foliage extracts was confirmed by
comparison with literature data on the mass spectrum.

Compound XIV (hexadecanoic acid, octacosyl ester) is a
long-chain aliphatic plant wax. It appears to be a very important
constituent of the lipophilic extracts of yellow birch foliage, its
concentration varying from 15 to 25% of the extracts throughout
the sampling season. This ester has previously been identified
in the fruit ofRubus idaeus(83), in the olive treeOlea europaea
fruit (84), in the foliage of green tobacco (85), and in the foliage
of Clarkia elegans(86). No citation in the literature was found
regarding the presence of this particular molecule with any
specific medicinal properties. Its presence in yellow birch foliage
extracts was confirmed by comparison with literature data on
the mass spectrum.

Our study on the chemical composition of the yellow birch
foliage lipophilic extracts is the first of its kind on this species.
We were able to identify in these extracts six constituents that
have never been previously reported in the tissue of any birch
species: octatricontanoic acid, octacosyl ester of hexa-
decanoic acid,R-amyrin, hexacosanoic acid, hexacosanal, and
1,10-undecadiene (Table 4). The 14 constituents we have
identified in the hexane extracts of the yellow birch foliage
collected from two geographically remote locations in Quebec
are reported for the first time for yellow birch foliage. The
observed variation in concentrations of these compounds in the
extracts from two sites could be attributed both to the climate
or genotypic differences between the two geographically distant
locations and to the differences due to time of sampling (in
2001 and 2003).

We determined the concentrations of 1,10-undecandiene and
hexadecanoic acid in the extracts of foliage samples from
St-Cyrille de Lessard to be half the value of those found for
the extracts of foliage from St-Félix d’Otis. The same is true
for the compounds octadecanoic acid, tetracosane, betulonic al-
dehyde, octatricontanoic acid, and hexacosanoic acid, octacosyl
ester. The rest of the foliage extract constituents demonstrated
quite the opposite tendency, being present in much higher
concentrations in foliage collected from St-Cyrille de Lessard,
except forR-amyrin, which was found in the extracts at rates
10 times higher in the St-Félix d’Otis foliage. Despite the
observed variation, we were able to confirm the constant
presence for all 14 identified constituents of yellow birch foliage
extracts studied. The majority of these 14 yellow birch foliage
constituents are biologically active compounds. A recent work
on B. platyphylla(1) has shown that the genusBetulacould be
considered as a genus having species with medicinal properties.
The fact that squalene, a well-known immunostimulant (58),
andR-amyrin andâ-amyrin, with well-documented therapeutic
properties (69), are found together in the foliage extracts ofB.
alleghaniensisallows us to anticipate the potential application
of foliage crude extracts as nutraceutical products or as a
chemical source for bioactive compound isolations. It is well-
known that the Potawatomi Indians were using the wintergreen
taste of the yellow birch foliage to mask the taste of unappetizing
medication and also to combine it with maple extracts for a
beverage.

Three different skeleton types of pentacyclic tritepenes are
present in our extracts: lupane (betulonic aldehyde), oleanane
(â-amyrin), and ursane (R-amyrin). The dammarane-type tri-
terpenes determined in the foliage of some European birches
(9-12) do not seem to be present in the yellow birch foliage.

Most of the identified constituents of our extracts are bioactive
and are commonly found in medicinal plants and/or olive oils,
which makes yellow birch foliage an interesting source of
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nutraceutical or pharmacological molecules. As an example, the
biologically active compounds hexadecanoic acid, octadecanoic
acid, tetracosane, squalene, andR-amyrin were also identified
in the Mediterranean medicinal plantS. taurica (27, 87).
Therefore, we anticipate a potential application of yellow birch
foliage extracts in the food, pharmaceutical, and cosmetic
industries. All of these results lead us to propose that yellow
birch should be considered a medicinal plant which merits
further pharmacological study. The potential use of yellow birch
as a source of biologically active components could add value
to the transformation of this important wood species widely used
by the wood industry of Quebec.
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