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Abstract-Various parts of some 30 Salix species were screened for 14 simple phenolic glucosides and salicylacohol. 
Species-specific qualitative and quantitative variation of phenolic glucosides in willow species was considerable and 
dependent on the part of the plant examined. Generally, there was greater diversity in glucoside composition and a 
higher total amount of glucosides in the twigs than in the leaves and buds. The traditional classification turned out to 
be inconsistent with a classification based on phenolic glucosides only. However, simple phenolic glucosides can be 
used for the recognition of exomorphologically similar species and hybrid forms. 

INTRODUCTION 

In Finland, the genus Mix comprises 24 native species, 
numerous hybrids and several introduced species. 
S. phylicijAia, S. caprea, S. myrsinifolia and S. pentandra are 
the most widespread species, and can be found all over 
Finland. Eleven willow species are only found in the 
north. Among these S. pyrolifolia, S. polaris and 
S. arbuscula are very rare and are protected species [l]. 
The S. repens group [Z], containing S. repens, S. arenaria 
and S. rosmarinifolia, is mainly southern and coastal, 
having a scattered occurrence in the north of Finland 

L-11. 
Willows are very variable in growth form and are 

found in extremely diverse habitats. The smallest pros- 
trate dwarf species have a height of a few centimeters (e.g. 
S. herbacea) while some species may reach the height of 
more than 10m (S. pentandra). However, most of the 
Finnish willows are tall shrubs or small trees. 

Species identification in the genus Salix is often prob- 
lematic owing to exomorphic plasticity and ready hybrid- 
ization. The hybrid forms are usually fertile so that 
introgression and hybrids which may carry more than 
two species traits are possible [3]. In some localities 
hybrid forms grow more abundantly than original (pure) 
species. It has been proposed that the phenolic glucosides, 
which are the dominant secondary metabolite group in 
Salix species, can be used as taxonomic indicators of 
morphologically variable willow species [4,5]. Until 
now, however, phenolics have been screened only in a few 
species of northern willows [S-7]. In this study the 
distribution of phenolics was investigated in other willow 
species, indigenous to Finland or introduced and culti- 
vated in Finland. The variation of simple phenolic gluco- 
sides was studied in current growth twigs, mature leaves, 
leaf buds and flower buds. In some willows the geographi- 
cal within-species variation of phenolics was compared. 
Chemotaxonomic and evolutionary implications of the 
variation in secondary phenolics in closely related species 
and in the phylogenetically different-aged species groups 
is briefly discussed. 

RESULTS AND DISCUSSION 

The simple phenolic glucoside content of mature 
leaves, current growth twigs, leaf buds and flower buds 
are shown in Tables l-6. The amount and composition of 
phenolic glucosides in each willow tissue was moderately 
species-specific. The glucoside composition and the total 
amount varied greatly within willow species. Salicin, the 
characteristic glucoside for the whole genus of Salix, was 
always present but mainly as a minor component, while 
salicortin was the most abundant salicylate in all tissues 
of most willow species. Only S. triandra did not contain 
salicortin. Fragilin, the third common salicylate, was 
frequently present as a trace component. The most rare 
glucosides in willows are salidroside and arbutin. The 
former was the characteristic component of S. triandra, 
found in quantity also in S. xerophila, S. starkeana and 
S. lapponum. Arbutin was only detected in S. myrtilloides, 
being one of the main glucosides in this low-glucoside 
species. 2’-0-acetylsalicortin was found in a-few species 
and is the characteristic component for all tissues of 
S. pentandra and S. fiagilis. It was also found in flower 
buds, leaf buds (Tables_5 and, 6) and in the twigs of S. 
myrsinifolia [S] but was absent from mature leaves [S]. 
2’-0-acetylsalicortin accompanied with salicortin was 
also one of the prominent glucosides in the twigs of S. 
aurita and S. cinerea (Joensuu chemotypes) (Table4). 
Triandrin was most frequently present in twigs, leaf buds 
and flower buds but it was also found sporadically in 
leaves. Similarly, picein may be regarded as a twig 
glucoside but also occurs in the buds of some species. 
Salireposide was restricted to twigs. An appreciable 
amount of tremulacin, accompanied with a low content of 
tremuloidin, was especially common in tissues of the S. 
repens group. It was also a very abundant glucoside in the 
leaf buds (Table 5) and leaves of S. myrsinites [7] and in 
the leaves [S] and twigs (Table 2) [4] of S. purpurea. 
Purpurein was present in the twigs and buds but was 
absent in the leaf blades [S] of S. purpurea. Salicylalcohol, 
populin and 3’-0-acetylsalicortin were not detected in 
any of willow extracts screened. 
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Phenolic constituents of Mix 2119 

Table 4. The variation of phenolic glucosides in the current growth twigs and buds of Mix cin&ea individuals (a-c) and S. nurita 

individuals obtained from different growing places 

Species Plant 

place* part 1 2 3 4 5 6 7 8 9 

S. cinerea 
Kaavi (a) 

Kaavi (b) 

Kaavi (c) 

Joensuu (a) 

Joensuu (b) 

Kaavi (a) 

Joensuu (a) 

Joensuu (b) 

Kaavi (a) 

Joensuu (a) 

S. aurita 
Helsinki 

Joensuu 

Helsinki 

Joensuu 

Helsinki 

Joensuu 

Twigs 

Twigs 

Twigs 

Twigs 

Twigs 

Leatbud 
Leafbud 

Leafbud 

Flower bud 

Flower bud 

Twigs 1.119 1.498 0.230 0 5.116 
Twigs 1.280 1.614 0.352 0 2.034 

Leafbud 1.550 0.454 0 0.490 0 

Leafbud trace 0.249 0 0 0 

Flower bud 7.275 0.584 0 0.583 trace 

Flower bud 0.688 0.572 0 0.175 0 

1.082 0.638 7.716 0 4.028 
1.221 0.547 9.478 0 2.095 
1.014 0.547 6.536 0 2.017 
0.946 1.086 3.785 0 3.885 
1.563 2.309 2.036 0 4.541 
0.116 0.347 0 trace 0 
0.198 0.326 0 0 0 
trace 0.440 0 0 0 

2.746 0.405 0 0.248 trace 
2.759 0.240 0 0 0 

13.430 10.776 0 37.67 (0.70) 
8.053 5.721 0 27.12 (1.38) 
8.388 5.793 0 24.30 (1.00) 

10.264 18.694 4.352 43.02 (1.46) 
7.490 4.759 14.823 37.52 (0.48) 

1.959 0 0 2.422 (0.112) 
1.083 0 0 1.607 (0.119) 
1.364 0 0 1.804 (0.221) 

4.722 18.999 0 27.12 (0.46) 
2.033 9.053 0 14.09 (0.47) 

7.810 10.000 13.405 39.28 (1.14) 

13.087 8.431 9.177 35.98 (1.27) 

0.913 0.880 0 4.287 (0.243) 
0.479 0 0 0.727 (0.059) 

2.346 3.830 0 14.62 (0.13) 

1.484 9.515 0 12.43 (0.56) 

1 = Salicin; 2 = fragilin; 3 = picein; 4 = salidroside; 5 = vimalin; 6 = triandrin; 7 = salicortin; 8 = 2’-0-acetylsalicortin; 9 = total 

glucosides. 
*Helsinki is located in the south of Finland. 

The results are the means of 3 to 6 subsamples runs (mg/g dry wt, s.e. is shown in parentheses). 

The magnitude of the variation in total glucoside 
amount among willow species was considerable, being 1.1 
to 12.2% in twigs and 0.05 to 11.9% in leaves. The total 
glucoside content in twigs was usually higher than in 
mature leaves (Tables 1 and 2). The majority of Caprisalix 
species (e.g. S. starkeana, S. lanata and S. pyrolifolia) 
contained traces of glucosides in the leaves but moderate 
amounts in the current-growth twigs. The distribution of 
glucosides in the low-growth-form Chamaetia species (S. 
herbacea and S. polaris) was very strongly biased towards 
twigs. Seventeen out of 28 species screened in this study 
were characterized by a high amount of salicin and its 
derivatives in their twigs. In these species salicylates made 
up more than 90% of the total glucoside amount. A 
similar trend in the distribution of salicylates and non- 
salicylates among willow species was also found in the 
analysis of mature leaves. Salix myrtilloides and S. trian- 
dra were exceptional in that they contained mainly non- 
salicylate glucosides. 

The glucoside content in willow parts has been re- 
ported to be dependent on the physiological activity of 
the tissues, showing seasonal, diurnal and intra-species 
fluctuations [e.g. 4,9]. The phenotypic expression of 
willow glucosides may also be influenced to a certain 
extent by the growing conditions [lo]. Variation in the 
results may be increased by inconsistent sample pre- 
handling, extraction and different analytical methods 
(colour reactions, HPLC and CC) used in willow gluco- 
side chemistry [8,11]. Since an individual glucoside 
pattern may be affected by several factors, the com- 
parison of one’s results with previous glucoside analyses 
of the same species [9,11,12] is difficult. However, the 
glucoside patterns of most of the Central European 

willow species are in fairly good agreement with my 
results for the corresponding species in Finland. The 
main glucoside is mostly the same and the total compo- 
sition of glucosides differs only in the minor components, 
which may be due to detection efficiency and/or invalid 
interpretation. On the other hand, northern S. lapponum 
and S. arbuscula twigs differ quite drastically from the 
closely related Central European species S. heluetica and 
S. waldsteiniana [3], respectively, neither of which contain 
salicin and its derivatives [13,14]. Moreover, S. hastata 
obtained from Kew Gardens (U.K.), produced high con- 
tents of salicylates, both in twigs and in leaves, while 
Finnish S. hastata leaves (several individuals) contained 
only traces of glucosides (Table 3) [7]. Although much of 
the inconsistency of glucoside chemistry between north- 
ern and Central European willows may be explained by 
environmental, developmental and possible method- 
ological dissimilarities, the unrelated patterns may also 
be a consequence of the complexity of willow species 
relationships and the vigorously ongoing willow speci- 
ation [3]. 

In several species the total amount of glucosides was 
higher in dormant flower buds than in leaf buds (Tables 5 
and 6). An extremely high difference in glucoside concen- 
tration between flower buds and leaf buds was found in S. 
caprea. Generally, several species which contained a trace 
amount of glucosides in the leaves (e.g. S. myrtilloides, S. 
xerophila, S. starkeana, S. caprea) [S] yielded noticeably 
higher contents in the buds while species with high 
amounts of glucosides in the mature leaves (e.g. S. repens, 
S. myrsinijblia and S. purpurea) (Table 1) [5,8] also 
accumulated high or moderate amounts of glucosides in 
the buds. The glucoside composition in flower buds was 
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quite similar to that found in twigs of the same species. 
This may be mainly explained by tissue similarities: a 
considerable part of the phytomass in willow winter- 
dormant inflorescences consists of receptacle tissues 
which resemble the primary stem tissues. Moreover, 
preliminary analyses of separate flower organs showed 
that the glucoside composition of receptacles was similar 
to that of the twigs, while the bracts of pistils and the 
bracts of stamens were similar to the foliage leaves. On 
the other hand, pistils, stamens, scales and nectar extract 
did not contain glucosides in detectable amounts (un- 
published results). 

The existence of exceptionally high amounts of phe- 
nolic glucosides in buds, especially flower buds, might 
indicate their contribution to winter hardiness. At the 
same time, the glucosides may partly function as carbon 
storage for those willows which will start to flower before 
leaf burst early in the spring. Nor should one forget the 
possible role of willow phenolic glucosides in pollination 
via salicylate metabolites and in plant growth regulation 
by maintaining dormancy. However. one of the main 
functions of the bitter-tasting simple glucosides may be to 
provide the willows with resistance against pathogens 
and certain generalist herbivores [ 16 1 X]. 

The dioecious nature of willow plants may complicate 
the investigation of the ecological importance [I81 and 
chemotaxonomical utilization of phenolic glucosides. 
Previous results on the distribution of twig and leaf 
glucosides between willow sexes do not indicate any 
clear-cut trend of sex-biased abundance [4,9, 191. On the 
other hand, the staminate catkins of Central European 
willow individuals have been shown to contain appreci- 
ably higher amounts of glucosides than the carpel catkins 
[9]. In the present study, S. caprea and S. myrsin$Xu also 
showed a strong difference in bud glucosides between the 
sexes (Tables 5 and 6): the leaf buds and flower buds of 
male individuals contained higher total amounts of glu- 
cosides but the qualitative composition was identical in 
both species. The individuals analysed were in a winter- 
dormant phase so a substantial proportion of the gluco- 
side variation between sexes may be real and not induced 
by different developmental stages, as has been suggested 
with respect to the Central European early spring catkins 

c91. 
The glucoside compositions of S. rosmurinifblia, S. 

lapponum and S. aurita grown under different environ- 
mental conditions and in different localities (Turku, 
Helsinki, Joensuu, Kuusamo) were essentially identical 
(Tables 3 and 4). The intra-species differences between 
local willow stands were mostly quantitative, while quali- 
tative differences, when they occurred, involved minor 
components and may actually be quantitative. On the 
other hand, S. cinereu individuals (in the Joensuu and in 
Kaavi populations) turned out to be slightly different 
chemotypes. None of the Kaavi individuals contained 2’- 
O-acetylsalicortin but they did contain a fairly high 
amount of picein, while both Joensuu plants yielded 2’-O- 
acetylsalicortin and lower amounts ofpicein. It is possible 
that S. cinereu individuals grown in the Kaavi population 
may be some kind of hybrid with other Caprisalix species 
(like S. phqlict&liu or S. capreu), which are very abundant 
in this area. The failure of Kaavi individuals to flower, 
might also suggest the incompetent genetic combination 
of a hybrid origin. This chemotypic variation which is 
found also in polymorphic S. phylicfoliu and S. myr- 
sinyblia individuals [ 193, may be an indication of the 

genetic instability and temporary speciation lines of these 
actively evolving species [ 31. 

The numerical classification of all Finnish willow spe- 
cies based on leaf glucoside analysis, in this study and in 
previous papers [5%+], forms several clusters (Fig. I). 
Eighteen of the 33 species analysed, mostly of northern 
origin, belong to a group containing a low amount of 
several leaf glucosides, which are mainly non-salicylates. 
The phylogenetically aged species, S. pentundra (with S. 
,fiueilis) and S. triandrtr form a group of their own. in 
which the predominant components are 2’-O-acetylsali- 
cortin and salidroside. respectively. The closelv related 
species, S. rrprrls. S. urcnuria and S. rosmurin~fol~u form a 
group which also includes northern S. myrsinitrs and S. 
urhuscula, with the introduced species, S. purpureu and S. 
retusu. Typical of these species is a high amount of 
glucosides, with the most prominent salicylate being 
tremulacin. Strlix myrsin$olia. together with its northern 
counterpart S. horeuks. forms the next group, which also 
includes the introduced species, S. LILIS~&U~OS and S. 
duphnoides. 

The clustering of willow species on the basis of the 
glucoside content in their twigs showed a higher average 
dissimilarity between species than on the basis of their 
leaf glucosidcs (Fig. 2). As with the classification of leaf 
glucosides S. reprns, S. urenaria and S. rosmarin~~b~ia 

comprise a group which also includes northern S. arhus- 
culu. This group is characterized by its high glucoside 
content, with an appreciable amount of tremulacin and 
salireposide. The morphologically close species S. auritu 
and S. cinereu form a group with a moderate glucoside 
content, especially of triandrin and 2’-O-acctylsalicortin. 
Strlir .starheunrr and its northern counterpart S. serophilu 

form a group, characterized by the glucoside triandrin. 
The exomorphically dissimilar species, S. cupwu, S. phyli- 
rifbliu and S. itr~yxmm arc also connected with this 
group. chiefly because of their complementary triandrin 
content. S. m~~rtilloides. S. purpureu, S. triundru and S. 
pentandru each form a group of their own, all of which 
contain one predominant marker glucoside: arbutin, 
purpurein, salidroside and 2’.O-acetyls;llicortin, respect- 
ively. 

A grouping of willow species on the basis of phenolic 
glucosides does not completely coincide with the 
morphological and phylogenetical classifications. The 
glucoside profile of S. urhusculu. which is often difficult to 
distinguish. morphologically. from S. phylic$,Liu [3] is 
totally different from that of S. phy/ic~~Xc~ [S.S]. Also 
notable is the extreme dissimilarity in leaf glucoside 
chemistry between the morphologically similar S. phylici- 
,jtiliu and S. ntyrsinifi&r [S]. On the other hand, the twig 
glucoside spectra of the species pairs like S. repens~ S. 
urrnuriu (S. rosmczrinifolitr), S. srrophi/u~~S. .sturkeanu, S. 
uuritu_S. cinrruu and S. poluris~ S. hrrhuceut, strongly 
support the morphological classification. Moreover. the 
tissues of northern S. ntJr.sinitcs [7] of the subgenus 
Chamaetia and northern S. arhusculu of the subgenus 
Caprisalix have the same secondary chemical profile as 
southern S. repens of the subgenus Caprisalix. although 
these species are morphologically quite distinct. However, 
these are all low-growth-form willows. Mix triandra, S. 
pentundru. S.fiuqilis and S. ‘l/h~l of the subgenus Salis and 
S. reticula~u of the subgenus Chumuetiu are considered to 
be more primitive and older species, which existed before 
glaciation [20]. The twigs of S. triundru. S. prwtandru and 
S. retic’ulutu differ distinctly from the common glucoside 
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Fig. 1. The clustering of the Salix species based on the composition of simple phenolic glucosides in the mature 

leaves (T and K refer to the growing place in Turku and Kew Gardens, respectively). 

Fig. 2. The clustering of the Salix species based on the composition of simple phenolic glucosides in the current- 

growth twigs (T, 0 and K refer to the growing place in Turku, Oulu and Kew Gardens, respectively). 

trend. All of them have the special main glucoside (sali- 
droside, 2’-0-acetylsalicortin and picein, respectively), 
while the twigs of S. fragilis and S. alba rank with the 
common group of willows. However, on the basis of leaf 
glucosides as well as on leaf exomorphic traits S. fragilis is 
close to S. pentandra. Consequently, in these older wil- 
lows and in some younger willow groups (S. myrsinifolia- 
S. phylicifolia), the evolution rate of their chemical charac- 
teristics may have been higher than the evolution rate of 
their exomorphic features, so that changes in their chem- 
istry occur before changes in their morphology. 

Finally, in several cases the use of simple phenolic 
glucosides, as a tool for the recognition of morpholog- 
ically similar willow species or to distinguish between 
hybrids is appropriate and useful when it is used together 
with exomorphic and cytological features. On the other 
hand, the traditional morphologic-taxonomic classifi- 
cation of willows differs quite considerably from the 
chemotaxonomical classification of willows based only 

on phenolic glucosides. There are also marked variations 
in the glucoside patterns of the different plant parts. 

EXPERIMENTAL 

Material The willow species sampled are listed in Table 7. 

Twenty to 40 current growth-twigs with mature leaves exposed 

to the sun and 30 to 40 winter-dormant twigs with buds were 

collected and put in plastic bags from individuals or clones of 

more than three-years-old. The samples were kept at 0” while 
being transported to the laboratory. Immediately, after separ- 

ation of the plant parts, composite samples were freshly analysed 

after prehomogenization in liquid nitrogen when needed. The 

rest of the material was over-dried at 45-48 ‘, as described in a 

previous paper [21]. The twigs and mature leaf samples were 

collected in August or in early September (1986 and 1987) and 

the bud samples were collected in late October to January (1987 
and 1988). As the growth intensity of willow species varies, no 
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Table 7. The swcifications of the willow species analysed in this study (a, b and c refer to different individuals) 

Wild stand = 1 Tissues: twigs = I; 

Species* 

Subgenus: Amrrinu 

S. fi-ugili.5 L. 
S. ficrgilis L.. 

s. prntcmdru I.. 

S. prntmdra I.. 

S. ulhu subsp. 

S. triimdru L.. 

Subgenus: Cuprdis 

S. umtu L. 

s. c1urircr 1.. 
S. cinmea (a-c) I_. 

S. cinereu (a-b) L. 

S. trurhrunu Willd. 

S. stprophilu B. Flod. 
S. pyrolifidia Ledeb. 

S. myrfiliolrlr.5 L. 

s. ylrrucu L. 

s. ~luslurtr L. 
S. hustatu L. 

S. hastutu L. 

s. hato L. 

s. lanuta L. 

s. lapponum L. 

s. luppomurl L. 

S. c’crpreu (a-b) L. 
S. myrsin$olicr (a-b) Salisb 

( -= S. nigricans) 

S. hordis Fries 

S. urhu.sculu L.. 

S. repen. L. 

S. urendriil L. 

S. rosmurinjjidia L. 
S. rormcrrinifidia L. 

S. purpurra L. 

S. x das~cludos Wimmer 

S. duphnoidrs Vill. 

S. ucutif&cr Willd. 

Subgenus: Chamuctiu 

S. myrsinites L. 

S. rrtiAdata L. 
S. hrrhacra L. 

S. polaris Wahlenb 

s. wtu5a L. 

Growth 4n individual = 1 Indigenous = 1 Cultivated leaves = 2; Rower- 

place Clonal = 2 Introduced =2 stand = 2 buds = 3; leatbuds = 4 

Joensuu 

Joensuu 
Joensuu 

Kaavi 

Kaavi 

Joensuu 

Helsinki 

Joensuu 

KXiVl 

Joensuu 

Joensuu 

Kuusamo 

Oulu 

Kuusamo 

SaariselkLl 
Kuusamo 

Oulu 

Kew Gardens 

Turku 

Kew Gardens 

Kuusamo 

Turku 

Kaabi 

Kaavi 

KilpisjBrvi 

Kew Gardens 

Helsinki 

Helsinki 

Joensuu 

Turhu 

Joensuu 

Joenauu 

Joensuu 

Oulu 

Tervola 

Kilpisjarvi 

Saariselka 

Oulu 

Oulu 

2 2 
2 2 
1 1 
1 1 
1 2 
2 1 

I 1 

2 I 

1 I 
1 I 
2 I 

2 I 
I I 

2 I 

2 I 
I I 
2 I 
I 
, I 
2 
2 I 
1 I 
1 I 

1 I 
2 1 

2 

I I 

I I 

7 I 
2 1 

2 2 

2 2 

2 3 

2 2 

2 I 

2 I 

2 I 

2 I 

7 2 

2 

2 
I 

I 

2 

2 

2 

I 
1 

I 

1 
I 

2 

1 

I 
1 
2 

2 

2 

2 

1 

2 

I 

1 

2 

2 

2 

2 

1 

1 

2 

2 

2 

2 

I 

I 
I 
2 
2 

I.2 

3.4 
I,? 

3,4 

1,2,3,4 

1.2.3,4 

l,3,4 
1.3,4 
1,3,4 

1.3.4 

1.2,3,4 

1,2,4 
1.’ 

1.7.4 

I.? 

1? . . 
I ’ .- 
I,, 
I ’ .- 
I,2 
I,4 
1.4 
3.4 

3.4 

I,2 

I,2 

1.7.4 

1.2.334 

I,4 

I,4 

1,3,4 
1.2.3,4 

I ’ .L 
2 

3.4 

I,2 

I,? 

I.2 

1.2 

*The classification (and nomenclature) used by Rechinger (1964) and the herbarium voucher specimens of the willow species 

available at the University of Joensuu, Department of Biology. 

more than 25 cm from the shoot tip of twigs were taken for 

analysis. All mature and unblemished leaves, i.e. including a leaf 

blade, a petiole and a leaf base were selected from each current- 

growth internode. The twigs and leaves of S. herhaceue, S. polrtris. 

S. reticuluta, S. qlauc~~ and S. urenuriu were analysed only in 
oven-dried form. The tissues of all other species were screened 

both from fresh and oven-dried material. 

The phenolics were extracted by two separate extraction 

procedures, as previously described 17.211~ ~.e. oven-dried or 

fresh samples were extracted with McOH, C,,-octadecyl column 

purified, coned and GC-analysed as TMSi-derivatives. The 
phenolics were extracted from dried material with aq. Me,CO 

and EtOAc. polyamide column purified, cont. and GC-analysed 
as TMSi-derivatives. This long extraction method was used 

especially for the validation ofquantification (impurity reduction 

and salircposidc calculation) and qualilication (separation of 

salireposide from the main glucosidc fraction. because it over- 

lapped with salicortin) [?I], ‘The qluantification was based on 
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standard components, which were in elution order: salicin, 

arbutin, fragihn, picein, salidroside, vimalin, triandrin, tremuloi- 

din, populin, salicortin, salireposide, 2’-0-acetylsalicortin, 3’-0- 

acetylsalicortin and purpurein. Salicylalcohol, an aglycone of 

salicin, was also screened. The existence of the components was 

confirmed by TLC, by glucoside hydrolysis and in a few cases by 

GC-MS [22,23]. 

Cluster analysis was performed in order to group the willow 

species (UPGMA-method with In-transformation [24]). In some 
cases, (marked as ‘trace’ in tables) the trace was replaced by 0.01, 

since the results for some willow glucosides was otherwise 

unquantifiable. 
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