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Abstract-Fifty per cent methanolic extracts of the leaves of 70 species (including some subspecies, varieties and one 
hybrid) of Gerarlilrm have been analysed for proanthocyanidins, total galloyl esters, hexahydroxydiphenoylglucose and 
astringency. Proanthocyanidins are present in most species (prodelphinidin in four) but only rarely in considerable 
quantities and then not readily extracted. A reaction with potassium iodate characteristic of geraniin (a derivative of 
dihexahydroxydiphenoylglucose) is given by most species. The very considerable differences in astringency between 
species cannot at present be accounted for in terms of chemical differences, but a systematic review suggests that 
geographical location, chromosome number and annual or biennial habit are involved in the amount of tannin present 
in particular species. 

INTRODUCTION 

Since the publication in 1973 [l ] of a PC survey of the 
flavonoid constituents of Gerunicrm, methods have been 
developed for the determination of proanthocyanidins 
[2], ellagitannins [3], total galloyl esters [4] and the 
astringency of extracts by precipitation of blood proteins 
[5]. These methods have now been applied to the analysis 
of the leaves of the 70 species which comprise the collection 
now being grown in the University Botanic Garden at 
Cambridge by Dr. P. F. Yeo. The opportunity has been 
taken of evaluating the usefulness of the methods in a 
genus such as this in which the species vary widely in 
tannin content of both kinds, condensed and hydrolys- 
able. These methods will first be described. 

REX LTS 

This is a necessary preliminary to the analysis of the 
unhydrolysed tissue, the amyl alcoholic extract of the 
hydrolysate being used for PC. Nearly all species of 
Geranium show at least a tinge of anthocyanidin, several a 
deep red. It is only the latter which contain enough 
proanthocyanidin to contribute to the astringency of the 
leaves, but the former may show a faint spot of cyanidin 
on the PC. This is recorded in Table 1 as a ‘trace’; otherwise 
as ‘nil’. Ellagic acid is revealed as a violet spot in UV, 
R, 0.35 and gallic acid as a dark purple spot when fumed 
with NH,, R,-0.65. Other dark (absorbing) constituents 
may be present and identifiable. 

Prepurution of the extract 

The fresh leaves are dried at 40” for 24 hr, ground, and 
sieved through a 100 mesh sieve. The powder is then 
extracted three times by boiling in 50 2, MeOH and the 

* Part 5 in the series “Astringency of Leaves”. For Part 4 see 
Bate-Smith, E. C. (1980) Ph~tochemi.sTr~~ 19, 982. 

extract filtered through fibreglass. The MeOH is removed 
by distillation in cucuo to a volume representing ~LJ I ‘t;> 
with respect to the powder. 

0.5 ml of extract is heated for 2 hr at 95” with about 5 ml 
5 ‘>(, butanolic HCI and the absorbance of the antho- 
cyanidin produced measured in a recording spectrophoto- 
meter. Cyanidin has i,,,, 547, delphinidin i.,,, 558, so that 
the relative amounts of each can be calculated from the 
observed i.,,,. The contribution to the absorption by 
chlorophyll can be corrected by balancing against an 
unheated extract. The proanthocyanidin content can only 
be expressed in terms of the extinction coefficient E;$,,, 
because the conversion to anthocyanidin varies so much 
with the constitution of the proanthocyanidin actually 
present [3]. A useful approximation can be achieved, 
however, by assuming an ‘average’E = 150for procyanidin 
and E = 300 for prodelphinidin. The extractability of the 
condensed tannins can be evaluated by comparing the E of 
the extracts with that of the powder, suspended in a small 
volume of 50 ‘L,, MeOH and similarly heated in 
BuOH,;HCI. 

Usually present in plant tissues as esters of hexa- 
hydroxydiphenic acid, these are determined by reaction in 
absence of oxygen with nitrous acid, which forms a red 
product, 500 nm, rapidly changing to blue, 600 nm, then 
slowly to yellow. The blue product reaches a maximum 
after a time dependent on temperature (about 10min at 
40” [3]. but the maximum reached is independent of 
temperature. The extinction coefficient of the absorption 
reaction depends somewhat on the constitution of the 
ester, but for hexahydroxydiphenylglucose esters the 
average Et& = 51.5, and this value is assumed in 
calculating the HH ‘I,, of an extract (Table I). 
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While HH arc undoubtedly present in most species of 
Grr~r~i~rn~, recent work by Okuda [6] has shown that the 
main hydrolysable tannin in the genus is a more complex 
derivative which he has named geraniin and to which he 
has assigned structure (I ), Haslam (personal communi- 
cation) has found rhat gcraniin is the main constituent of 
G. rohertic~rr~z tannin and has supplied a sample of this. It 
differs in the /-ma, (455 nm) of the initial red product and a 
lower maximum of the blue absorption al 600 nm, which 
is rcachcd earlier (5 min ). It also dithers in another reapa 
which will be described later. This means that the HH 
val~tcs calculated as described abo\c arc suspect and arc 
accordingly reported in Table 1 as ‘HH’. It ix interesting, 
however. that the val~tcs so calculated agree quite closely 
with those recorded for the same speaes by Okuda as 

percentage of gcraniin. 
Some early resulls with Gc~trr~ilrr~ species published in 

1972 [7] reported several species. notably G &/CYLIIII, 
having little absorption at 600 nm beet considerable 
absorption at SOnm, resulting in a red colout- which 
developed more slo~~ly than that at 600 nm and persisted 
longer. It seemx likely, that theconstituent responsible fat 
this variation is an 0-substituted HH (cf. C‘~~r~rrrs spp. 
[8]). It probably makes some conlribution to astringency, 
but ho\+ much it is not at presenl possible to sag. 

The reaction upon 15 hich this method is based was first 
described by Haslam [9]. Galloyl esters, whether present 
as such or as esters of hexah~droxydiplicnjc acid. react in 
aqueous. or ~~UCOLIS organic. solutions M ith KI0,3 to give 
a transient red colour. The absorption at the maximum so 
reached is strict11 dependent on the concentration of the 
galloyl derlvatilc. but Laries with the constitution of that 
derivative. Examples arc ghon in ;I description of the 
method in Part I of this series [4] dealing with the 
astringency of the Icavcs d .~CCV species. Because of its 
ready availability. tannic acid has been adopted as a 
reference substance, and the results are recur&d in Table 
I as TI = the ‘equivalent tannic acid concentration 
(iodatc reaction )‘. 

A featur-e of most Gc~~i~rn speaes is the IbrmaGon ofa 
blue reaction product immediately after the addition of 
KIO,, reaching a maximum after a fen minutes and 
slowly fading while the main reaction proceeds. A sample 
of geraniin prepared from G. rohc~titrrn~~ bq Dr. Haslam 
showed the same e&t. This compound occurs widely in 
Geraniaceac and Euphorbiaceae [IO]. A limited hurveq 

has shown that the blue reaction is also given by extracts 
of leaves of several species of .3(,~r and several other 
ellagitannin containing genera. but it is not common. 
The survey is being continued. 

This is determined bq the precipitation of blood 
proteins by the tannin.c in the extract. the result being 
expressed as the concentration of (annic acid required to 
produce the same degree of precipitation. This is 
measured spectrophotomerricallp. employing the absorp- 
tion of haemoglobin at 578 nm 3s a standard. Blood 
diluted 1:lOO gives a peak with the absorption con- 
veniently at about I.2 1.3. The precipitation is htoichio- 
metric [or tannic acid from O.OlS”,, (up to which 
concentration precipitation 1s 0) and 0.039 “(,, at which it is 
complcle. A I “,, extract oflcaf po~+der having ;I moderate 
tannin content will gi\e ;I measurable degree of 
precipitation when mixed with an equal volume of 1 :50 
diluted blood. but Mith less than usual :I more 
concentrated extract ma\ be needed. and with more than 
usual the extract uill need to be diluted. When the kmnin 
is of the h~drol~xablc type the \,alue ofT1 \\ ill give ;i useful 
indication of the extent of dilution that a-111 be needed 10 
bring the prrclpitatinq range of the extract to between 20 
and SC “,,, which is dearable for rellabilit,. The Iresults arc 
rcproduciblc with considerable accuracy. 

Occnsionall!, there are dltficultit’s to bc: OLC’I-come. The 
most ~roublcsome i\ the formation ot’a cloud which 11 ill 
not clear with centrifuging. This is due to the presence ot 
saponins ~3 hich also give trouble during the preparation 
of the extracl. causing foaming and mucilaginous 
residues. The absorption of hucmoglobin in a CIOLI~J 
suspension is greater than that in clear acllution SO that tk 
result. when r-ecorded, has to be expressed as ‘more than’ 
the \aluc so obscr\cd A point of interest in the c3sc of 
GCVYIII~IIIII is that the po\\der of sacral species, Lvhen 
freshly prrpared. ga~r intraclablc clouds but aficr keeping 
Ihe powder for some months. the atracts acre complelelq 
free from this trouble. although otherwise unchanpcd. 

With this preamble. the results in Table I sl~o~tlcl IIVU be 
mcaningl‘ul. Both TAF. and ‘1’1 L;irj o\cr a \cry \zidc 
range. and the ratio done to the other also varies wide]!. 
This is an indication that the t;wnins in the genus LII-L’ ;I 
very complex and variable mixture 1~1‘pi-oanthoc)anidins. 
gallotannins and ellagitannins. Proanthoc!aniclins ;irrl 
present in most. but in quantity in only a fc\\ species. nnd 
being very inextractablecontributc~cr4 littlc to Tc\E and. 
of course. not at all to TI. The tannin most fl-equentlj 
present. isolated b!, Haslam from (;. l.r,hc~/.ritrrll,/,l. is 
identical with the pcraniin described 1~) Okuda. A sample 
suppiled bq Haslam has TAF TI 0.7. M hich is near-l> the 
atcrage of lhe TI of the species in Table 1. but there are 
sonic species M,ilh much higher. and sonic with ELI& 

lower. ‘PAL’ TI. indicating very ditYcrrn( kinds of palloql 
esters in these species. Some (bet Table 9) do not give the 
blue reaction on addition of KIO,+ and prcsumabl) do 
not, thcroforc. conGi ~crannn. Not enoup11 is hnov,n al 
present about the \‘:lriatlon ofT1 with structure to be able 
to suggcsl causes for the difrerence> observed. but 
chromatography is being applied to the analysis of the 
galloyl esters present and should prr)vidc an explanation 
of the values observed. In the meantime, it is onI! the 
values of TAE that can be prolitabty used fol 
conslderalion of the systematic signllicancc of the results 
in Table I 
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Table 1. Tannin analyses of dried leaves of Grrartirtm species 

E TAE TI 
TAE 

T1 ‘““’ 
Species E TAE TI q ‘H”’ 

ulbunum Bieb. 
urgenreum L. 
uristutum Freyn. & Sint. 
usphodeloidrs Burm. f. 
bicknellii Britt. 
bohrmicum L. 
ctrnuriensis Reut. 
caroliniunum L. 
(‘ut(ll’u(‘turun1 toss. 

ssp. cutoructurum 
ssp. pirurdii 

cinereum Cav. 
var. subcuulrscens 
var. cinrreum 

collinum Willd. 
columbinum L. 
crmophilum Boiss. 
clulmaficum DC. 
dissecturn L. 
rndressii J. Gay 
eriunthum DC. 
rriostrmon DC. 
lurrrri Stapf 
frrnmnrii Torr. 
gluberrinwn Boiss. & Heldr 
grucile Nordm. 
ibericum Cav. 
incunum Burm.f. 
Iumbrrfii Sweet 
lunuginosum Lam. 
liboni Davis 
lucidum L. 
mtrtrorrkum L. 
muculutirm L. 
tnodurensr Y eo 
mulr~flowm Boiss. & Reid 

nil 5.5 10 0.55 1.4 
nil 7 17 0.4 5 
tr* 10 20 0.5 12 
1.2 13 20 0.65 5 
nil 12 18.5 0.65 5 
nil 2 14.5 0.15 2.5 
nil 21 26 0.8 16 
nil II 19.5 0.55 8.4 

nil 13 22 0.6 5 
nil 16.5 26 0.6 7.5 

tr 10.5 26 0.4 4 
nil 11 20 0.6 3.5 
nil 14.5 20 0.7 13.5 
nil 8 13 0.6 4.5 
nil 7.5 14.5 0.5 3 
nil 27.5 37.5 0.7 17.5 
nil 6 8.5 0.7 2.5 
tr 10 20 0.5 5 
tr 12.5 15.5 0.8 9 
tr 12.5 19.5 0.65 8.5 
tr 12.5 31 0.4 6 
nil 18 20 0.9 11 
nil 20 28.5 0.7 15.5 
tr 5.5 nil ~ nil 
nil 6.5 13 0.5 5 
3.2 11 21 0.5 7 
nil 8 21 0.4 10.5 
tr 11 16.5 0.65 4 
tr 9.5 24 0.4 5.5 
tr’? IO 10 1.0 3.5 
nil 12.5 21 0.6 10.5 
tr 18 27.5 0.6 10.5 
nil 13.5 24 0.55 12 
nil 12.5 23 0.55 19 

mok L. 
Xmonucensr Harz 
r~rpulrnsr Sweet 
nrrrosum Rydb. 
no&urn L. 
orrgunum Howell 
pulmutum Cav. 
pulusfre L. 
peloponnesiucum Boiss. 
phueum L: 
plrrt~petulum Fisch. & May. 
polyunthes Edgw. & Hook.f. 
prulense L. 

var ‘Kashmir Purple’ 
procurrens Ye0 
psilostemon Ledeb. 
purpurrum Vill. 
pJ?zo~viurrum Maxim. 
pyrenuicum Burm.f. 
rrflrxwn L. 
rrnurdii Trdutv. 
rickurdsonii Fisch. & Trdutv. 
robrrtiunum L. 
rotunti[jolium L. 
rd7rswns Ye0 

.sugnuitleuni L. 
schirtleunum Schlecht. 
sessil~florum Cav. 

shikokiunum Matsum. 
s~~bulutosripularum R. Knuth 
thunhergii Sieb. & Zucc. 
fruorrsii HookI. 
luherosum L. 
rwsicolor L. 
wa//ichiunrmr D. Don 
ri.scosi.s.simum Fisch. & May 

nil nil nil - nil 
nil 4.5 5.5 0.8 nil 
nil 15 24 0.6 11 
nil 26.5 36 0.75 13.5 
tr* 12.5 24 0.5 9 
tr 8.5 20 0.45 13.7 
nil I2 27 0.45 9 
nil 13 ? ? (3) 
2.5 2.5 5 0.5 (2.5) 

nil il.5 12 <O.l 4 
nil 15 23.5 0.6 15 
tr 20 40 0.5 17 
nil 8 16 0.5 13 
nil 13.5 26 0.5 16 
nil 14 24 0.6 15 
nil 26 35 0.75 24 
nil 12 26 0.45 9 
tr 15.5 26.5 0.6 12 
nil 5 6 0.8 5 
tr t2 5 ? (2) 
2 7 16.5 0.4 8.5 
tr 25 31 0.8 19 
nil 7.5 18 0.4 8 
nil 10 14.5 0.7 3 
tr 10.5 14 0.75 7.5 
nil 7 14 0.5 6 
tr 8 IS 0.5 5.5 
nil 16 25 0.65 18.5 
nil 11.5 33.5 0.5 16 
nil 10 27 0.35 20 
nil 15 26 0.6 12.5 
nil 8.5 20 0.4 12 
nil 6 19 0.3 9 
tr x 13 0.6 nil 
tr 10 18 0.55 7 
tr 24 25.5 0.9 ? 

* Prodelphinidin (by both chromatography and position of;.,,,). The Evalues ofthe powder in these cases w’ere G. trristtrrum 4.7; G. 
grucilr 19; G. nodosum 14 and G. pdoponnesiucum 6.6. Except for the last, no more than a trace of the proanthocyanidin was extracted 
by 50% MeOH. 

DlSCUSSlON 

In the earlier treatment of the chemotaxonomy of 
Geranium [ 11, Knuth’s classification of the genus [ 111, the 
only one currently available, was followed. It was real&d 
that this relied heavily on geographical considerations, 
with vegetative morphology having more influence than 
floral and seed structure. Recently Tokarski [12] has 
made an intensive study of seed dispersal mechanisms and 
Yeo [13] has suggested this might be a character on which 
a more natural system of classification might be based. 

The commonest form of dispersal is by seed-ejection 
from the carpel. In this type the seed is thrown out of the 
mericarp to a distance of cu 1 m at the moment when the 
awn suddenly springs away from the rostrum of the fruit. 

So large a majority of the species are of this type that tittle 
help is afforded in the classification of the genus as a 
whole, but two small subgroups having particular 
modifications of the seed ejection mechanism can be 
distinguished from the large mass of species represented 
by G. prufrrzsr. This group represents about 50 ?,, of all the 
species examined. 

The second largest type of seed dispersal is the carpel- 
projection type, in which the unit of discharge is the 
mericarp with the seed inside it, and this also can be 
divided into several subgroups on divers morphological 
characters. A third group, which comprises only a few 
species, has dispersal behaviour like that of Erodium, in 
which the mericarp remains attached to the awn but is 
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Table 2. Seed dispersal mechanisms. chromosome numbers and astringenq 

Species 211 TAE Spccic!, 2ir TAE 

SEED-EJF:C’TION TYPE 

2s 
2s 

28 
2s 

14.5 

IO 
12.5 
12.5 
12.5 
IX 
5.5 

11 
8 

IX 
IS 
26.5 
17.5 
8.5 

13 
x 

13.5 
14 
26 
15.5 
is.5 
7 
8 

16 
17.5 
10 
IS 
X.5 
x 

24 
I 0 
11 
II 
8 

IO 

13 
7.5 

6 

2x 
i’ 

2X 

2x 
2X 

28 

52 
x4 

56 
2X 

2X 
28 
28 

2X 

52 
1X 
26 

2% 

6 

2 
II 

7x 
4x 

Phtrrwn group 

28 
14 28 

28 

28 

2x 
28 

II 

10.5 

CARPEL-PROJECTION TYPE 

2X 20 

Rohcwitrnrrrr~ group 

32 

64 
12X 

12 
7.5 

10.5 
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Species 

palmarum 
cunuriensis 

mudarense$ 

2n 

68 
128 
68 

Table 2. (Conrind) 

TAE Species 211 TAE 

Liq+icu/utc~ 

12 glubrriimum 30 20 
21 cuiarac’turum 36 
13.5 subsp. cutrrrucfarum 16.5 

subsp. pircrrdii 13 
tlulmuticum 21.5 
mucrorrhirum 12.5 

No forcible discharge mechanism: olhanum* 28 5.5 

* Blue iodate reaction negative; t blue iodate reaction weak. $ indicates annual or biennial 

projected by a minor explosion; and finally (in this list) 
there is a single species in which there is no forcible 
discharge. 

The TAEs of the leaf extracts of the species in Table I 
are listed again in Table 2 in the groups and subgroups in 
which Yeo places them. Also given are their chromosome 
numbers, where these are known. A distinction is also 
made between perennial species and those which are 
annual or biennial in seasonal habit. It can be seen 
straight away that the commonest chromosome number 
is 2n = 28 (r = 14), variations from this being most 
frequently seen in the annual/biennial species. Similarly 
the commonest values of TAE lie between 10 and 12.5, 
largely independent of the dispersal type. but varying 
most in those species with chromosome numbers differing 
from .Y = 14. The one distinctive subgroup is the phaeum 
group, the extracts of which, as was pointed out earlier, 
differ from those ofall other species in reactingwith HNOz 
to give a red colour, i,,, 530 nm, instead of the usual blue 
colour, i.,,,, 600. G. phueunz and G. rqflexum appeared to 
have no astringency whatever (but recorded in Table 2 as 
less than the lowest concentration at which tannic acid 
itself precipitates blood protein). The result with G. 
oristatum is perplexing. Morphologically this closely 

resembles G. r~fle.\-unz and on a previous occasion [7] a 
specimen obtained from Kew was found to have the same 
chemical characters as this species. It seems likely that the 
members of this group may vary considerably both 
chemically and morphologically since Xmomrcunse, a 
hybrid between phaeum and rqfleutrm [14] has a higher 
TAE than that of either parent recorded in Table 2. The 
explanation for this may be in the variable etherification of 
one of the hydroxyl groups in HHDPG. which is thought 
[8] to be the reason for the shift in L,,,, from 600 to 530 nm 
in the HNO, reaction. 

Apart from this group. the variation in TAE is similar in 
all groups, with values between 10 and 12.5 being 
common throughout. It is therefore the species with 
exceptionally high or exceptionally low values which will 
most reward further attention. For this purpose species 
with TAE over 20and those with TAE below 6 have been 
considered. 

ThemoststrikingfeatureofthefivespecieswithTAEover 
20 is that three ofthem are N. American. It has already been 
noted that a number of N. American species have the 
dysploid (? tetraploid) number 2n = 52, which is true oftwo 
at least of the three N. American species examined. The 
impression given by these results is that there is some 

Table 3. Grrtmium species with astringency values (TAE) over 20 or 6 or less 

TAE Geranium species Geographical location Seasonal habit 211 

Over 20 ranarknsis 

dulmalicum 
nercosum 
psiloslemon 

richardsonii 
ciscosissimum 

Macaronesia 
Yugoslavia 
N. America 
Armenia 
N. America 
N. America 

Perennial 
Perennial 
Perennial 
Perennial 
Perennial 
Perennial 

128 

52 
28 
52 
_ 

6 or less albunum 
bohemictrm 
dissecturn 
gruciir 

molle 
peloponnesianum 
pyremiicum 

Armenia 
Mediterranean 
Widely Eurasian 
Armenia 
Mediterranean 
Greece 
Mediterranean 

Perennial 
Biennial 
Annual 
Perennial 
Annual 
Perennial 
Perennial 

28 
28 
22 

26 
28 
28 
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correlation between high TAE, polyploidyand N. American 
geographical location, but none of these criteria is in itself a 
determining factor in high or low astringency. 

Several of the species with low TAE are distinctively 
individual. G. gr~i/r has much proanthocyanidin and 
apparently no galloyl ester. G. p~/ol”/~~~f~.\ir~~,~~~~~ also has 
much procyanidin, but in neithercascis thiseasilyextracted 
from the powder and contributes little to astringency. G. 
rnolic, with 21 = 26. is an annual, having no galloyl ester. 
Several other specie:; with low TAE are annual or biennial. 
Geographically these are all essentially European or W. 
Asian. There appear-s, therefore. to bc some correlation 
between 101~ T4E. annual, biennial seasonal habit. and W. 
Eurasian geographical location. 

These characteristics of high and loa TAE respectively 
are to some atent rellected in the members ofthe /~~,rc~r~sc’ 
group generally. Thus several more of the N. American 
species. e.g. G. ~MC~//~~~IU~ and G. [rrrnontii, have higher than 
average TAE. G. xr.~iLi~/orum is mainly Andean. but extends 
into Australasia. But thegeneralimpressionwithin thislarge 
group is one of ~1 normal statistical distribution of TAE 
values about nn averare of 12. with partalar individual 
circumstances determining the wider deviations f’rom this 
average. Among these. the presence in some species of large 
amounts of proanthocyanidin is worthy of remark. The 
potrnficrl for proanthocyanidin production is present in 
most. if not all, species. G. /IIIULUH. for instance. has ;I high 
concentration in Its roots. and root extracts d many 

species arc used medicinally as astringents. It IS the aerial 
prou th which exhibits the character of cxtrcnlc divcrsith 
of tannin content. and this must presumably be associated 
with the ecological niche 1% hich the specks is adnpted t<) 
occupy. 
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