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Akhpd--ChangcsinthephenoliccontcntofoaLQurcvsroblcrL.lcaveswm~~~bypaperchtomato- 
graphy throughout the growing season. Condensed tannin was found to appear in lata May, along with 
(+)-catc&in, (+)-gallocatechin and other vanill&poaitive components of low molecular w&t. Hydro- 
lysable tannins, comprising at least five components, are present throughout the season. The umdcnsed and 
hydrolysable tannine from crude tannin, prepared by nalting*ut aqueous acetone extmcta of mature leaves, 
m aepamted by chromatography on Sephadex columns. An alternative sourw of two of the hydrolynable 
tannins was found to be oak marblagalls. The mean molecular weight of thcae two hydrolyzable tannins 
was found to be 1680; on hydrolysis with dilute acid, they yielded ellagic acid, with some gallic acid, and 
~-&axe, in addition to some unidentitied phenolic products. The condensed tannin was found to have a 
molecular weight of 6750 and yielded phlobaphcne and cyanidin on acid hydrolysis. Based on the salting-out 
procedure, a quantitative method was devised for the ady8iS of tannins in the aqueous acetone extracts. 
By this method it was found that the tannin content of oak leaves increased from @5 per cent of leaf dry weight 
in April to nearly 5.0 per cent of leaf dry weight in September. 

INTRODUCTION 

THE following work was carried out as part of a wider study to determine the possible ecologi- 
cal signticance of seasonal changes in the phenolic content of the leaves of the Pedunculate 
or Common Oak Quercus rebut L. This species is heavily infested by insects in the spring, 
occasionally resulting in complete defoliation, but is relatively unattacked after mid-June; 
Professor G. C. Varley suggested to us that changes in the content of leaf phenol&, especially 
of tannins, might be partially responsible for the relative lack of insect attack on mature 
leaves. It had already been reported’ that condensed tannin was present in July leaves of 
Q. robur, although absent from May leaves, and there was casual evidence to suggest that 
the content of leaf tannins increased during the growing season. Plant polyphenols are 
known to have adverse effects on the growth and survival of other organisms: For example, 
tannins can inhibit the growth of fungi, probably by tanning the pectolytic enzymeq2 and 
the transmission of viruses, probably by tanning the virus nucleoprotein3 Although the 

l Present address: Department of Entomology and Limnology, Comstock Hall, Cornell University, 
Ithaca, N.Y. 14850, U.S.A. 

1 B. R. BROWN, C. W. Love and W. R. C. HANDLEY, Report on Forest Research, pp. 9&93. H.M.S.O., 
London (1962). 

z A. H. WULXAMS, in l& Enzyme Chemistry of Phcnolic Compolmdr (edited by J. B. RUDHAM), pp. 87-95. 
Pergamon, Oxford and MacMillan, New York (1963). 

3 C. H. CALMAN, in Phenofics in Plants in He&h and Disease (edited by J. B. F’RIDHAM), pp. 101-105. Per- 
gamon Press, Oxford (1960). 
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effects of polyphenols on insect growth have been little studied, we considered that tannins 
might have an inhibitory effect on protein digestion, either by direct enzyme inhibition or by 
forming relatively indigestible complexes with leaf proteins, thus effectively reducing the 
nutritive value of the leaves. 

Here we review an inv~tigatiou into the qu~~tive changes in the phenolic ~mponen~ 
of oak leaves during the growing season and describe the isolation and investigation of the 
oak leaf tannins and their quantitative change during the season. 

RESULTS AND DISCUSSION 

Phenol.2 Constituents of Oak Leaves 

Two-way paper ~hromato~phy of ~tone/water extracts of fresh oak leaves, collected 
monthly during 1965, revealed more than twenty components which gave a positive reaction 
with ferric chloride/potassium ferricyanide reagent. Five of these components were vanihiu- 
positive (Table 1). The R, values and behaviour of certain of the components under U.V. 

Dia2..otized Tehpzotiztd 
Symbol D u-v. u.v.lNH3 Vanillin pnimniline bemidhe r~ti~(if~~) 

BA 010 
a09 
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o-o.25 
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D2 0.33 

:, 0.61 
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F2 0.33 
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Kt 0.16 
k 018 

o-14 
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T 0.02 
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- 
R 
- 
- 

R 

- 

- 
- 
- 
- 

- 
- 
Y 
Br 
Br 

- 
? Hydr. taunin 

Gr Cond. tannin 
Iiydr. tannin 

z Hydr. tamin 

Gallic acid 
Y R (+)-Catechin 

?Hydr.tarmin 
- ? Hydr. tannin 

Y R 

(f )-GalhCate&itl 
Quenxtin 

El&&acid 

* R, values in 2 % acetic acid (“ HAc”) and n-bu~oli~~ acid/water (“ BAW”) of compounds detected 
by potassium femicyam ‘de/ferric chloride magent on cbromtograma of aqueous aoetone extracts of oak 
leaves, together with behaviow with other developing reagents and in U.V. light (360 nm). 

abs.=dark spot due to absorption of light; R.+red; Y=yellow; B=blue; BraBrown; YG=ycllow- 
gmxh; YBrryellow-lmwn. 

t In extracts of stored leaves only. 



light and with various developing reagents corresponded with the properties of pare samples 
of gallic acid, ellagic acid, (+)~~~, (+)-~~~~ and quercetin, ail of which have 
been reported previously from oak leaf extracts. 4 Representations of ~~o~to~rns from 
extracts of April buds and June leave are shown in Fig. 1. 

Tannins were isolated from July oak leaves by a rn~~tion of the tier-p~ipi~tion 
Method developed by Brown and Love .s After dialysis and fmexedrying, the resulting 
pale-brown tannin powder was dissolved in acetone/water (70:30) and run on two-way 
chromatogram in NAc and BAW solvent systems, C, D and H were reveakd on the devel- 
oped ~~0~~~s as heavy dark-blue streaks (D usually being resolved into two closely- 
spaced components, D1 and D& G as a faint pale-blue streak and B as a faint blue spot 
or stmak C was the only v~~~sitive component and clearly represented the oak leaf 
condensed tannin.’ All other subr&ances found in the aqueous acetone leaf extra&e were 
absent and pr~bly represent compounds of low molecular weight. Ah the components 
of the crude tannin (C, D, B, H and G) were absorbed from an aqueous extract of frcsb 
September oak leaves by hide powder. 

We have no direct proof that tannins exist as such in intact oak leaves and it is conceivable 
that they are formed from precursors as soon as the tissue is damaged. However, stringent 
precautions were taken to minimize any potential ChemicaI changes during extraction (see 
~~~en~ Section) and we consider that the ~o~atioa obtained from the leaf extracts 
aocurateiy represents the phenolic composition of the intact leaves. 

The variation in the occurrence of the oak leaf phcnolics from April to !September is 
shown in Table 2, The pattern remains fairly constant during the growing season, though 
there are some bang changes, notably among the ~-~sitive ~m~unds: eon- 
densed tannin, ( +)-catechin, ( -I= )-gahocatechin, J and 0 (which may be leu~elp~~s 9_ 

4 D. E. HAIRWAY, Bochem. J. 70,34-42 (1958). 
5 B. R. BRGWN and C. W. Love, .&port m Fmest Ihear& pp. 90-92. H.M.S.O., Landon (i%l). 
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TAeLa2. sB&umALvARrAlzor4oF PmINoUc a%fPouNDs M OM IxAvm 

symbol* Idslltity Qf known) AMU WY JurK+ July Auoust SW-d= 
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+ 
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+ 
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+ 
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+ 
4-f 
+ 
f 
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+ 
++ 
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-i--t 
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+ 
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+ 

l ComPoundsdota%dssinTab1c1. 
i-i-+=strong; ++-rmdium; +-we&. 
t Descaled buds. 
$ Shielded by (+ )catcchin after May; (-t-)-c&e&h judged by intensity of reactiorr with vauillin 

With the exception of J, present in low con~n~ation, these compounds were undetected 
in April and were first detected in the leaf extracts in May. Thus condensed tannin, and its 
probable flavonoid pre~ursors,~ are absent from oak leaves during the early spring, in 
accordance with the findings of Brown, Love and Haudley.’ It is of interest that the sus- 
pected hydrolysable tannins, especially D and H, are present throughout the growing season. 
G, the previously reported hydrolysable tar&n,’ was never more than weakly shown on 
c~o~to~~s* 

Properties of Oak Leaf Tannins 

Attention was focused on the tannins C and D (by far the strongest streaks on chromato- 
grams), since these were considered to be the phenolics most likely to influence the growth 
of insect larvae. The remaining components showed little seasonal change, apart from the 
disappearance of E and V after May, and their tanning effect, as judged by hide powder 
absorption, is likely to be slight. No further attention was therefore given to them. 

Tannin was extracted in bulk from acetone/water (70: 30) extracts of fresh oak leaves, 
using the ether-precipitation method. 5 During the removal of salt by dialysis, some of the 
tannin came out of solution as a brown precipitate; this water-insoluble fraction (P) was 
sedimented and subsequently freeze-dried from aqueous suspension, separately from the 
soluble fraction (S). After freeze-dry@, both tannin fractions were obtained as light-brown 
powders, soluble in aqueous acetone. Several analyses were carried out of September oak 
leaf tannins extmcted by the above method (Table 3). 
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TABLJZ 3. ELEMENTARY ANAL= OF TANNIN mc’rm PROM %PIEMER OAK LBAVES 

% 
I 

Sample C H N Ash 

Scptembcr oak leaftannin-_ and (P) fractions uaparatcd 48.8 4.8 
September oak leaftalmin-fractiion (S) only+ 48.7 4.7 nil nil 
September oak haf tamin-fraction (S) only, after drying for 1 dayt 49.4 4.7 
September oak leaf tan+-fraction (S) only, after dryins for 3 day%? 497 4.6 
September oak lcaftamUn-fraction (S) only, after drying for 9 days? 49.8 4.4 
September oak leaf tannin-fraction (P) only+ 51.8 5.4 nil nil 

l Average of duplicate detexminations. 
t Drying was carried out over PZOS at 30-35”. 

Two-way paper chromatography of the soluble tannin fraction (S). in HAc and BAW 
showed that it was made up of the components C (the vanillin-positive condensed tannin), 
D and H. Other spots visible on the chromatograms, though much weaker, were B, I and 
E’. Two-way cellulose thin-layer chromatography of fraction (S), using the same solvent 
systems, revealed the same pattern but, in addition, a component Y, hidden on the paper 
chromatograms owing to the poorer resolution (Fig. 2). The thin-layer chromatograms also 

I.0 

04 

Dewloped with F&l3 K3Fc(CN)b Spray 

~ 

0 0.2 c-4 06 QB I.0 
RI VALUES in BUTANOL/ACETIC ACID/WATER 

(bO~lSr25) 

Fro. 2. TWO-WAY THIN-LAYER CHROMA~RAMS ON CZLLIJUXE M HAc mm BAW ~OLVENI~ OP 

O~reiu,T~~~BYTHBMETHoI)OP~OwNAElD~~. 

showed that D could be resolved into five components (D, to D,; see Fig. 2) and I into two 
components (I1 and I& The R, values in BAW on thin-layer plates were found to be higher 
than those on the corresponding paper chromatograms. 

Chromatograms of the water-insoluble fraction (p) dilfered from those of (S) only in 
the occurrence of the streak G along the BAW axis and in the greater concentration at the 
origin of the reaction of C with vanillin, suggesting that (p) contains components of higher 
molecular weight than (S). 
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All the components of the crude oak tannin fraction (S) were absorbed from aqueous 
solution by hide powder. The complexes were stable to water, but were dissociated at least 
partially by 70% acetone. An aqueous solution of fraction (S) gave a white precipitate with 
gelatin solution at pH 4.0. 

After boiling samples of both (S) and (p) fractions of crude July oak leaf tannin with 
concentrated HCI, cyanidin chloride was detected in the hydrolysates, co&Inning the 
presence in the crude tannin of condensed flavonoid tannin1 No cyanidin was produced 
after similar treatment of tannin from April oak buds and the reaction with May leaf tannin 
was extremely weak, so coming the virtual absence of condensed tannin from oak leaves 
in the early spring. 

Prolonged hydrolysis of July oak leaf tannin with dilute sulphuric acid gave rise to gallic 
and ellagic acids, in addition to ~-glucose and some cyanidin. The presence of a sugar and 
of the simple phenols gallic and ellagic acid in the hydrolysate indicated for the tit time 
the oomrrence of at least one hydrolysable tannin in the leaves of Quercus robur, the presence 
of which had previously been suspected solely on the basis of chromatographic behaviour.’ 
However, the crude tannin extracted from the leaves of another species of oak, Q. sessilis 
Ebrh., has previously been shown to contain both condensed tannin and components which 
yield ellagic and gallic acids together with ~-glucose on hydrolysis with dilute acid.6 

Separation of the Co~tit~nts of the Leaf Tannin Fractions 

Crude oak leaf tannin was separated into its components by elution from Sephadex G-25 
columns with 60 % ethanol, containing O-1 % HCl, as described by Somers 7 for the separation 
of wine tannins. C was eluted in 0.5 bed volumes, B in 35 bed volumes and D and H in 
4 bed volumes. Somers7 gives a value of about 2000 for the molecular exclusion limit of 
G-25 Sephadex in 60 % ethanol, so that molecular weights somewhat lower than this would 
be expected for D and H and a much higher value for C. Although condensed tannin could 
be obtained chromatographically pure from a single separation on Sephadex, D and H were 
still contaminated with small amounts of C and B and not separated from each other. It 
was found that D and H could be freed from B and the remaining traces of C by running them 
through a second Sephadex G-25 column, using So% acetic acid as duent. Under these 
conditions, C appears to be irreversibly absorbed onto the Sephadex. Subsequent separation 
of D and H was achieved by two-way chro~to~aphy on thick paper. 

Properties of the Separated Tannin Components 

Tannin C was obtained as a reddish brown powder, partially soluble in water, but 
completely soluble in acetone/water (20: 80). Its U.V. spectrum showed a distinct maximum 
at 277 nm. Elemental analyses were carried out (a) on the freeze-dried powder (Found: C, 
53.1% ; H, 4.9 %; average of two determinations) and (b) after the freexedried powder had 
been dried for 24 hr at 150” in vacua (0.2 mm) (Found C, 55.6%; H, 4.9%; average of two 
determinations). A value of 6750 was obtained for the average molecular weight of C, using 
an analytical uhracentrifuge. Aqueous solutions gave copious precipitates with gelatin 
solution and the tannin was completely removed from aqueous soIution by hide powder. 
The flavonoid nature of C was confirmed by the liberation of cyanidin and the conco~~t 
formation of insoluble phlobaphene on boiling with concentrated HCI. 

6 A. BOIJD~ and P. GADAL, Cm@. Rand. 260,4057-60 (1965). 
7 T. C. scm?R.$ Nature 209.368-370 (1966). 



It was found that marble galls from Q. robur, caused by the gall wasp Adleria (= Cynips) 
~oi~i Hartig., provided a rich source of tannins 4, and D,, which were purified by chromato- 
graphy on Sephadex columns and thick paper. Hydrolysis of these two tannins with dilute 
acid gave rise to ellagic acid, with a trace of gallic acid, and ~-glucose, comirming their 
identity as hydrolysable tannins and suggesting #at they might be further classified as 
ellagitannins. However, the occurrence in the hydrolysates of several unidentified phenolic 
components, none of which could be hydrolysed further, indicated a complex constitution. 

Whether obtained from oak leaves or galls, D was a dull white amorphous powder, 
completely soluble in water. Elemental analysis was carried out (a) on the freeze-dn’ed 
powder (Found : C, 455 % ; H, 4-O “A and @) after heating for 24 hr at 1 SO” in v~cllo (O-2 mm) 
(Found: C, 48.4 %; H, 4-l %). Its U.V. spectrum was featureless, showing gradually increasing 
absorption towards lower wavelengths, with no maxima. Aqueous solutions gave precipi- 
tates with gelatin and the tannins were absorbed by hide powder. A value of 1680 was found 
for the average molecular weight of Dr, and De. 

Qirrmritative Estimation of Tannins 
No suitable method for the quantitative analysis of tannins could be found in the literature 

(for a discussion of the inadequacies of various published methods see, for example, the 

0 1 
1 * I I I 

April MOY JUIIO Jtlly August ScptUllber 
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Fto. 3. !Xi!.hsmhL VAusmsos sta TANNIN co= OF ?mi WveS OF A snaa~ 08.1~ TREE Qtrrrrus r&r 
L.,D-BYTIEORA -C MElXOD. 

reviews by Hathway * and Roberts’)). We found, however, that the Brown and Loves 
salting-out procedure could be made quantitative, al~ou~ the method is tedious and 
involves considerable quantities of ether. Details of the method are given in the Experimental 
Section. 

Quantitative analysis of tannins was carried out monthly during 1965 by the modified 
Brown and Love method, using acetone/water extracts of fresh oak leaves from the study tree. 
Total tannin content was estimated as the sum of the fractions “Tannin 1”) obtained from 
the acetone layer after addition of salt, and “Tam& Z”, obtained from the aqueous layer 
(see Experimental Section). The results are shown in Fig. 3, where it cau be seen that tannin 
* f). E. HMHWAY, in C~~~~~ aadEtcctrgpkrrrclic Tern (editod by I. !~MITB), Vol. 1, Chronwto- 

m@Y, PP. 104-m. Haiagnann, Ladon, and III-, New York (MO). 
9E. A. H. Roimm, in 27~ Chemiwy ofZ%mdd Compost& (edited by T. A. 0 ELWMAN), pp. 46842. 

Pcrgamon, oxford (1962). 
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content does increase during the growing season, as previously suspect&, though slowly 
at first. The most rapid increase occurs in late summer, when the tannin content rises to as 
much as 5 % of the dry weight of the leaves. The condensed tannin, C, and hydrolysable 
tannins (chietly D and I-l), making up the “Tannin 1” fraction, account for about 80 % of 
the total tannin throughout the season. Judged from the intensities of the chromatogram 
streaks, it would seem that the increase in tannin content during the summer is IargeIy due 
to increase in the level of condensed tannin, the IeveI of the hydrolysable tannins D and I-J 
remaining fairly constant. 

The most obvious changes in the phenolic content of the leaves of Q. robzu during the 
growing season are the appearance in late May of condensed tannin, together with vanillin- 
positive components of low molecular weight, and the progressive increase in total tannin 
content. Thus the period of highest insect attack on oak leaves (early spring) corresponds to 
the time when total tannin content is at a minimum and condensed tannin is absent or almost 
so. Whether or not this correlation has any causative basis will be discussed in a separate 
paper examining the effects of oak leaf tannins on insect growth. 

~XFERIMENTAL 
Analyses 

Analyses were car&d out by Mcasrs. W&r and Strauss, Oxford. 

Lcqf Collection a3ldExt?action 
Leaf collections for analysis were rest&ted to thq upper sun leaves (south side) of a single mature oak 

tree Quercur robw L. situated in mixed deciduous woodland in Wytham Wood, near Oxford. All leafcollec- 
tions were made between 1400 hr and 1700 hr B.S.T. on days of fino weather. Leaves were also collected 
occasionally from five other oak trees in Wytbam Wood for &alitative comparison of leaf phenolics; chro- 
matograms from tho resulting extracts were indistmgui&ablo from those derived from leaves of the main 
study tree. 

Intact leafchrsters from several branches in the appropriate part of the tree were transferred to tho labom- 
tory in a refrigeration box and randomized by hand. 50 g of leaves (fresh wt.) were then promptly cut from 
the twigs and the leaf sample immediately homogenized in 250 ml acetone/water (70:30) in an “Atomix” 
blender (Measuring and Scientific Equipment Ltd.) in the cold room (4”). To reduce the risk of chemical 
change duo to enzyme action during extraction, 0.5 g of Gasoorbic acid and 0.1 g ICCN9 were added to the 
solvent prior to extraction. Tho extract was made up with washings to 500 ml and stored under Nz at 4”. 
A further SO g of the original randomized leaf sample was dried at 80’ for dry weight equivalent. 

For bulk extra&ion of leaf tanums, leavea wem collected as above and either extracted immediately or 
stored in the deep-lieem (-20’) until needed. Leaves were extracted into acetone-water (70:30), under Ns. 
After 7-10 days’ storage in the dark, the suspension of leaves was homo&zed in an “Atomix” blender 
andthodarkgreenextractliltered. TanninnwttethtnieolatadbythemathodofBKIwnandLovas:excess 
solid NaCl was added to the extract, resulting in a separation into two layers. The dark-green upper, acetone, 
layer was separated and twice its volume of ethanol added, followed by S-10 vol. of anhydrous diethyl ether 
to precipitate a mixture of NaCl and tannin, The precipitate was sedimented (2.500 rev/min for 10 min) and, 
after washing with fresh ether and drying under Ns, taken up in distilled water and dlalysed (“Visking” 
tubing, 1 in. dia.) against distilled water under Nz. The dialysato was replaaxl at intervals of a few hours 
until it ceased to give a positive reaction with AgNO3 and FeCl3 solutions. The dialysed solution was then 
f&z&r&i to yield the brown tannin powder. 

Efects of Storage of Lesces ad Extracts on their Phmolic ~o~t~t~ts 

Aliquots from an acetone/water extract of fresh September oak leaves were run on two-way chromato- 
grams in HAc and BAW (a) immediately after extraction and (b)_+ +ry for 4 months under nitrogen 
in the dark. ‘Ihe patterns of spots on the two chromatograms were wbleand there was no obvious 
differeaceintherolativespotintansitiaq~thatsxtracts,prspamiasdwaibada~,canbestorsd 
for considerable periods without risk of sign&ant change to the phenolic constituents, 
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lktambt&n of Mokcuhr Weights of TonnLu 
Solutions of amdcnsxl tannin C, in acetone/water (1: 2, v/v), and hydrolysabk tannin D (D,, and D, from 

oak galls), in water, each con- 2-S mg/O*S ml, were wpplkd to Mr. C. J. Teal, at the Depaftmnt of 
Biochemistry Oxford, together with sampka of the &vents The molecular weights were d&zmu& 
Bcckmful -s&*, Mudel E analytical ultraccntrif~, usill Schlknxl optics, by the short column metIE: 
of Yphantis.ll Partial specific volumes of the tannins (Tti C: 064; Tannin D: O-63) were obtainal using 
a 10 ml density bottlo and S@mg tannin samples. 

Quontitatioe Andysis of 0th Leqf Tmhs 

A quantitativo adaptation of tha Brown and Loves method of tannin extraction was tested as follows: 
SO g (fresh wt.) of fralh September oak kavcs se-r0 atlactcd into 500 ml acetone/water (70: 30) and, after 
addition of NaCl, the acetone and aqueous layer8 were separated. To a 50 ml aliquot from the acetone layer 
wem added 2 vol. (100 ml) of ethanol and 5 vol. (750 ml) of anhydrous diethyl ctbcr; to a second 50 ml aliquot 
were added 4 vol. of ethanol and 5 of ctbcr and, to a third aliquot, 2 vol. of ethanol and 10 of ether. The 
precipitates of tannin and NaCl were ecdimented (2500 m/min/lO min), dialyml, freze&kd and w&bed, 
yiel~~163~~134gand0~165gtarmin.~valy. Thcetbcealsupcxnatantaina&~cancwcrccon- 
centrated by vacuum distillation to 25 ml, of which O-01 ml aliquota wee applied to two-way chrumatogmms. 
Some tannin was detected in the ethereal layera from aliquots 1 and 2, but compktc precipitation had been 
achievcdfromaliquot3. Asju~bytheyieldof~however,additionof 10vol.ofotherisonlyma&nally 
moru &ctivo than addition of 5 vol. 

The yield of tannin from the 5O-ml acetone aliquots was scud to calculate tho total tannin content of the 
acctonclaycrandhcncetbcpercentrrpeoftanninintheor@alkavcs. Thetanninfractionobtaincdfrom 
the acetone layer was designated “Tannin 1”; it was chromatographically free from the non-tarmin phcnolic 
material pruscnt in the original extract and am&ted la&y of condensed tannin, C, and the hydrolysable 
tannins, D. 

After addition of salt to tho 500 ml extract tram September leaves, it was noticed that the lower, aqueous, 
layer was goldun brown in colour. This layg wan vacuum dktilkd (30”) to rcmovo traces of acetone, dialysed 
and -al, when it yielded a light-brown powder (O-211 0). A aamplo of this powdor yielded some 
cyanidin on boii with cont. HCl, indicating that it contained M)IIIC co&sscd tamdn. Two-waychromat* 
graphy of an othanolic solution of the powder, subsequently referred to as “Tannin 2”, rcvcakd only a streak 
along the HAc axis (R&0*9) when sprayed with FcCl~/potassium ferricyanicb mt, with a concentmtion 
neartbeorigin,whichwa.~weaklyvaniUin-poaitivc. TanninsD,H,BandGwcxcabsnt. Ekmntalanalysia 
revealed a small amount of nitrom and a large amount of imxganic material (Found: C, Sl+iS. 51.76; 
H. 4.81. 448: N. l-45: ash. 6*76’%I. “Tannin 2” was absorbed from aqueous solution by hide pow&r. 
Aihou& it ci&ly co&i& ti%n-tannin matcria& protily inch&g some compk&l prot& the 
above obecxvations su,ggcst that it cc&ate largely of tan& partly cQndcn& and partly of unknown nature, 
and we therefore decided to include “Tannin 2” in the routine leaf analyes. but to tabulate the results _ - 
separately from those of “Tannin 1”. 

Ackt~~wfc&emenrs-This rcuarch was carried out during the tenure by the senior author of an Agricultural 
Research Council Studontahip and a Domua Senior Scholarship at Mcrton till- Oxford. Wo are grateful 
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and Dr. S. G. Humphria for reading this paper in manuscript. 
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