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Ah&act-During normal flue-curing of ripe tobacco leaves, poly-phcnol oxidase and peroxidaae activities 
rosarapidlydurinethe~tfewdaysofarrin&andthen~ ~aharplymthatinthefhllyalrcdleafno 
polyphenol oxidasc activity and very little peroxidasc activity rummd. The asambic acid content decrewd 
stauiily during the cure, leading to a transient rise in dchydroemrbic acid, although very little of either 
remained iu the cured leaves. The chlorogak acid content rcec during the tit one or two daya of curing, and 
later fell slightly. Detached tobkca, lawca were fed with water, with ascorbic acid or with chlorogcnic acid 
and flue-cued with either a normal or an extended yellowing period. There was very little browning in normal 
cures, and the colour of the lcavu was found to be unrelated to either the normal or additional levels of 
aswrbic acid or chlorogenic acid With extended yellowing, however, there was a greater production of pig- 
ment, which was related to the chlorogcnic acid content of the leaves but which wan unaffected by ascorbic 
a&i. Tbae WM a great cxces of enzyme available for the oxidation of the chlorogcnk acid present. Ascorbic 
acid was probably of little or no aign&anre in prewting oxidation of chlorogak acid, but in both no& 
and extended cures, the ascorbic acid content was related to the lustre of the lawcu. 

INTRODUCTION 

WHEN leaves are detached from the parent plant they rapidly degrade protein and chlorophyll 
due to the cutting off of the supply of hormones from the roots. These senescence changes of 
leaves can be prevented by the rooting of the leaf or by the application of horm0nes.l 
Kinetin prevents senescence in attached and detached tobacco leaves,2 but the protein hydro- 
lysis of detached leaves is not halted by increased nutrient supply and it occurs both in the 
light and in the dark314 After detachment, there is a transitory rise in the rate of respiration 
of leaves, and increases in the activities of some enzymes,s-7 but leaves in the light continue 
to photosynthesize so that carbohydrates and amino acids are conserved, while leaves in the 
dark hydrolyse starch, rapidly become starved and respire sugars and amino acids.8 During 
flue-curing, leaves behave as detached leaves in the dark. 

Tobacco leaves are harvested when technically ripe, and are already senescent at this 
stage since they have lost up to 40 per cent of their chlorophyll and their protein and nitrogen 
contents are decreasing.9 During the yellowing stage of the first few days of curing, the green 
colour of the leaf is lost and there is an increase in the hydrolytic activity of the leaf cells in 
which metabolism continues in a semi-orderly manner. At a later stage the biochemical 

1 D. J. OSBORNB,J. Sci. Food. Agri 16,1(1%5). 
2 R Worm, P7ora Jena W, Wl(lQ65). 
3K.MuriwsandL.ENOHLBRECHT, i&waJena 143,428 (19%). 
4 I-L B. VI~~ERY, G. W. PUCHER. A. J. Wm and C. S. LBA VEtw0jtm. Bull. Cons Agric. Expt. Sta. 

4Q6 (1Qw. 
5 W. 0. J.uss, Pkmt Rerpimtion, p. 40. Clarcndon F’rcss, Oxford (1953). 
6H. 0. ASKEW, NewZealundJ. Scf. 34,17 (1953). 
’ J. UVARDY, M. HORVAR~, K, m. L. Dapr and G. L. I’- Erpcrlcntio 20,214 (lQ64). 
’ S. RANJAN and M. M. L.UORAYA, Phmt Phydol. 35.714 (1960). 
9 J. M. MOS~LBY. W. G. WOLTZ, J. M. CARR and J. A. Wmwuw, Tokrcao Sd. 7,67 (1963). 
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mechanisms become less and less orderly, resulting in autolysis. During air-curing extensive 
autolysis occurs so that sugars and ammo acids are respired and brown oxidized-phenolic 
pigments form, but in flue-curing the temperature of the leaves is raised after a few days’ 
curing and enzymes are inactivated so that autolysis and browning are not ex~nsive.lO$ll 

The brown pigmeuts found in air-cured leaves contain phenolic material, especially 
chlorogenic acid and rutin, often associated with protein and protein-iron complexes.12-15 
Some of these types of pigments are found in flue-cured tobacco but in much smaller 
am~unt.s.r~*~~~~~ The normal yellow colour of good quality flue-cured tobacco is due to 
x~~ophy~s and carotenes, and the preservation of this colour is a sign that the reactious in 
which polyphenols are converted to pigments have been suppressed. In the preparation of 
commercial tobacco many leaves are brown or dark brown when cured, and in these leaves 
the suppression of those reactions has been incomplete.17 

The pigment-forming reactions during air-curing depend upon the oxidation of chloro- 
genie acid and rutin, both of which can be oxidized by polyphenol oxidase or by peroxi- 
dase.1r-18*1g The production of brown pigments during air-curing is proportional to the 
content of chlorogenic acid iu the fresh leaf, but may not be related to the level of polyphenol 
oxidase content.20*21 Data is lacking concerning pigment production in flue-curing, but the 
process, when it occurs, is believed to be similar to that in air-curing and it has been suggested 
that ascorbic acid prevents browning in the initial stages of flue-curing by preventing the 
formation of quinones. ** Furthermore, it is not known what effect art&iaUy nmmased 
levels of ascorbic acid and cblorogenic acid might have on pigment production in normal 
cures and in cures iu which the yellowing period is extended. The extension of yellowing may 
lead to the production of phenolic pigments as happens during air-curing, since the leaves 
will be able to autolyse, whereas in normal cures the iucrease in temperature and the drying 
of the leaf prevents this. To investigate this aspect, ripe leaves were fed with ascorbic acid 
and chlorogenic acid, and flue-cured with a normal yellowing period of 2.5 days, or with an 
extended yellowing period of 4 days. The behaviour of ascorbic acid, c~oro~c acid, 
polyphenol ox&se, and peroxidase were investigated during flue-curing with normal and 
extended yellowing stages to determine their relation to the cofour of the cured leaf. 

RESULTS AND DISCUSSIGNS 

A number of leaves were assayed for their cblorogenic acid, ascorbic acid, dehydro- 
ascorbic acid, chlorophyll, polyphenol oxidase, and peroxidase contents during several 

. 
cures and the bebaviour of these parameters, which was similar in all leaves, is Sumner& 
in Figs. 1 and 2. 

10 W. G. Fk_mmmw, Tobucco N. Y. 142,lO (1956). 
11 S. BABLBR, Ph.D. The&s, Consolkiated Tech. Univ. Zurich (1957). 
12 J, S. JACXBBSON, At&. Biockm. .B&*ys. !83,580 (l%l). 
f3 Y. KABURAKI, Y. ON, H. OHE and Y. Sxm, Sci. Pqms, Ccnrral Res. In% Jqm Monopoly Corp. 106, 

41 (1964). 
I* II. B. Wnmrr, JR., W. Bu~mmrs and E. C. BERRY, JR., Arch. B&&m. B&&w. 86,94 (1960). 
13 H. E. Wnmi~, JR., W. BIJR~MAN and E. C. BERRY, JR., Phymhem. 3,525 (1964). 
16 v. c. RUNBCKLBS. Arc&. Bib&m. Btophys. BE, 354 (1963). 
1’ W. G. -URC+, Acfcm. Enrymot. 6,309 (1946). 
18 E. A. H. Ronam, C&n. &I.. 1354 (1957). 
19 p, C. SISLER and H. J. BVANS, B&&em. Biophys. Acru. 26,638 (1958). 
2QP.G.AstwvandV.K.Ymoemv, Tabak USSR IS. 43 (195’7). 
21 M. ZUCKER and H. T. &NSON, JR., Tofwcco Sd. 4,229 (1960). 
* K. LsHrmYA, comm rrtt: Bull 1,99 (l%l). 
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h3.1. ‘Iks BEHAVIOUB OF ASCOBBIC ACID IN TOMCCO LEAVES DUBING ?XAJB-CUBING. 

n Total ascorbic acid: o ascorbic acid; 0 dehydro-ascorbic acid. 
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FIG. 2. BI OCHEbIICXL BEHAVIOUR OF TOBACCO WYB) D- FLXJE-CUlUNO. 

(u) chlorophyll content ; (6) chlorogmic acid content ; (c) peroxidase activity; (d) polyphenol oxidam 
activity. 
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The leaves began to yellow on the plant prior to ripening and this loss of chlorophyll 
continued during curing, indicating that protein hydrolysis and senescence were occurring. 
In a typical cure, the chlorogenic acid content rose in the initial phase of yellowing, reached a 
maximum at 1 to 2 days after the start of the cure, and subsequently declined. The loss 
between the maximum value and that at the end of the cure was between 31 and 55 &cm* 
(mean value 45 ~~cm2). The loss of chlorogenic acid did not lead to the production of 
appreciable amounts of brown pigment since all the leaves were of a light lemon colour, 
and their aqueous extracts were only slightly coloured, having an absorptivity of 0-131-0~181 
at 450 run, compared to O-480 for a light-orange coloured leaf obtained from commercial 
sources. 

TAIBLE 1. C?ILOROOENIC ACID CONTENT IN RJUATION To COLOUR OF CIJRFD TOBACCO 

Cblorogenic acid content (~&cm*) 

i;resh Maximum value 
leaf reached in cure 

1 

Loss* 
Absorptivity at 
450 DmllO cm2 

145 
175 
220 
180 
174 
170 
105 
121 
198 
163 
215 
187 

245 
248 
267 
225 
230 
231 
152 

E 
200 
279 
248 

200 
195 
236 
176 
175 
197 
121 
118 
225 
171 

z 

45 
53 
31 
49 
55 
34 

: 
51 
29 

: 

o-151 
O-154 
0.171 
0.163 
0.181 
0.150 
Q170 
0151 
0.171 
0.168 
0.131 
o-175 

MCLlUI 171 231 186 45 O-161 

l x.oss=diffcrencchetw#n maximum value and cured leafcontent. 

Total ascorbic acid and ascorbic acid decreased rapidly during curing, which was reflected 
in a transitory rise in the dehydro-ascorbic acid content, and at the end of yellowing there 
was only between 1 and 7 pg/cm* of ascorbic acid in the leaves. 

The activities of polyphenol oxidase and peroxidase increased at the beginning of the 
cure, reached a maximum at about 48 hr after the commencement of the cure, and sub- 
sequently declined, and by the end of the cure very little or no activity remained. 

The amounts of chlorogenic acid in freshly harvested and cured leaves and its rate of 
increase and decrease during the cure were not related to the colour of the cured leaves or 
to the colour of their aqueous extracts (Table I). The pale yellow colour of the extracts was 
due mainly to xanthophylls and carotenes extractable with hot 80 per cent acetone or ethanol 
and containing none, or very little, of the brown phenolic pigments. There appears, therefore, 
to have been a loss of chlorogenic acid during curing without browning of the leaves. 

A rise in the activities of polyphenol oxidase and peroxidase, common in leaves after 
detachment, is also a response to infection, and in both cases the reaction seems to be due to 
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an increase in hydrolytic activity in the cells which releases euzymes from bound forms,7113-27 
although some recent work indicates that increases in enzyme activity in detached or injured 
non-senescent leaves can be due to de no~o synthesis.28-30 Infection is often as&ted with 
both the accumulation of phenolic material at the infection site, and with locahxed increases 
in ascorbic acid oxidase which leads to a reduction in ascorbic acid and an increase in dehydro- 
ascorbic acid.2s*31 Thus the behaviour of tobacco leaves during flue-curing is similar to that 
of both diseased and detached leaves. 

The activity of the enzymes in rising to a peak at about 48 hr of curing and then declining 
was not obviously related to the temperature of the curing chamber, as was the case with 
c~amylase.~~ The temperature of the chamber was 35-37” by the 48th hr from the start of the 
cure and remained constant until about the 64th hr when it was rapidly raised and reached 
46” by the 72nd hr and 60-70” by the 96th hr, at which time considerable enzyme activity 
still remained. The rapid drying of the leaves at the higher temperature renders them too 
brittle to be effectively sampled until they have been wetted back at the end of the cum. 

It is believed that the redox potential of the leaf cells during the yellowing phase is low 
enough to prevent quinone and dehydro-sorbic acid accumulation,r1*33*34 and this 
prevents browning reactions from occurring. At the end of the yellowing phase the cells 
have lost vitality and the redox potential rises sufficiently to allow the accumulation of 
quinones and the commencement of browning. Browning is prevented by the rise in tempera- 
ture and the drying of the leaves, which inactivates enzymes and restricts the mobility of 
their substrates. From the results (Fig. 26) it is seen that even after 3 days of curing when the 
leaves were still hydrated there was still about 0.1 I.U. of polyphenol oxidase activity 
extractable per cm2 of leaf using the assay conditions described. This activity would be 
sufficient to oxidize about 35 pg of chlorogenic acid per cm2 per mitt at 25”, and yet the total 
loss of chlorogenic acid between its maximum value and that at the end of the cure was only 
on average 45 pg during a total time of about 100 hr. Clearly the amount of enzyme activity 
that is extractable is out of all proportion to the amount of oxidation of chlorogenic acid 
occurring in the leaf, and there is a very great potential for pol~henol oxidation and brown 
pigment formation to occur if yellowing were continued long enough to enable the redox 
potential to rise sufliciently to permit quinone accumulation. After 3 days of normal curing 
the dehydration of the leaf prevented browning and this effect would be independent of any 
redox potential effect. The total of 17.7 pg/cm2 of ascorbic acid present in the fresh leaf 
would be of no potential value in preventing the oxidation of chlorogenic acid at the rate at 
which it could occur if polyphenol oxidase were fully active. The average total of 8.2 &x$ 
of ascorbic acid present after 48 hr of curing could not, by itself, significantly alter the loss 
of chlorogenic acid. 

With normal curing after fzeding treatments, there was no production of brown phenolic 

23 T. G. NYE and R. E. -N, Phytochem. 5.1187 (1966). 
24 G. L. FARKM, L. DEzsr, M. HORVARTH, IL. KISBAN and J. UVARDY, Phytopark 2549,343 (1964). 
25 H. Susmo and R. E. HAMF’IQN, Ph~?ochem. 5,819 (1966). 
26 L. LmREKovIcIi, z. KLBIENT &d G. L. FM&S, S&n& I45,165 (1964). 
27 G. L. FARKAS and L. Loviuucovxc~. Phytomarh. 2.55.519 11965). 
28 H. HYDO and I. URITANI, Pkant CdiPh&tk Tokye 7; 137 (1966j. 
29 T. Tam, Api. Biol. Chetn. 30,1211(1966). 
30 0. BAOI and G. L. FARJCAS. Phytochem. 6.161(1967). 
31 I. URITANI, Symp. B&hem. of -Plans Ph&lic S&stokes, p. 98, CXhado State Univ. (1961). 
32 R SPENCZR and T. J. hbSl-ON. T&co SW. lo. 94 Wt56L 
33 L. W. hhPSON, Ann. Rev. P&t. Physlol. 9,119 (19j8). . 
34 H. S. h%UON, Adurm. Iihzymd. 16,105 (1955). 
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pigment and the colour of the cured leaves was light lemon and neither the colour nor the 
absorptivities of pigment extracts were related to the chlorogenic acid or ascorbic acid 
contents of the leaves, although those leaves fed with ascorbic acid had a much better lustre 
(Table 2). 

TABU 2. THE EPPECT OF ADDED ASCORBIC ACID AND CHLOROORNIC ACID ON COLOUR PRODUcTION DURINQ 

FLUE-CURING WlTIi A NORMAL yELLoWIN TIMR 

Fecdii+ 
trcatmcnt 

AA colltcnt 
in fresh leaf 

b&w 

CA content (&mz) 
, Absorptivity at Curedleaf 
Fresh leaf Cured leaf 450 nm/lO cm* colour 

Water 32 158 
29 180 

z :z 
51 155 
31 135 

AA 1: 
85 

165 178 0.15 Light lemon 
200 181 0.18 Light lemon 
145 163 0.15 Light lemon 

CA 2 
21 

z 
193 

165 0.15 Light lemon 
176 0.16 Mid-lemon 
241 0.14 Light lemon 
197 0.16 Light lemon 
174 0.18 Light lemon 
163 0.20 Light lemon 

236 0.17 
281 0.17 
269 @15 

Light lemon 
Light lemon 
Light lemon 

l AA = ascorbii acid ; CA = chlorogcnic acid. 

In the extended yellowing cure after feeding treatments there was substantial browning 
of the leaves, producing dark lemon and orange colours, and these pigments could not be 
extracted with hot 80 per cent acetone or ethanol. The loss of chlorogenic acid, represented 
by the reduction between its maximum value during curing and that at the end of the cure, 
was greater than in normal curing, and the colour of the leaves and the optical densities of 
their extracts were related to the chlorogenic acid contents of the leaves (Table 3). 
Pigment production was shown to be proportional to the chlorogenic acid content (a) in the 
fresh leaf, (b) in the cured leaf, (c) at its maximum value, and also proportional to (d) the 
total loss of chlorogenic acid between its maximum value and the level at the end of the cure. 
The best relationships were with the maximum value and with the amount of chlorogenic 
acid lost. 

Regression equations and correlation coefficients (r) were calculated for these associations 
and were shown to be: 

A=04IO132B+O~153; r=O-864t 
A=O-002C+O-091; r=O-817* 
A=OM)13D+0-071; r=0*897t 
A=OW29E+0-097; r=0*919t 

where: A-Absorptivity of leaf extracts ; B = Chlorogenic acid content in fresh leaf; 
C=Chlorogenic acid content in cured leaf, D=Chlorogenic acid at its maximum value; 
E= Loss of chlorogenic acid from its maximum value to its value at the end of cure; 
t SigniGcant at O-1 per cent level of probability; * Sign&ant at 1 per cent level of probability. 



TABLB 3. THE tmm OF ADDED ASCORBIC ACID AND ~H~)R~ENI~ ACID ON som LIMP corn- DURMO FLUE cmuw WITH mTENlmDYELLo~ 

Time from start of cure (hr) Cured leaf 
w -* 
Q 

Feedi& 
treatment 

” 
, I 3 

0 48 72 I , \ c 
Polyphenol @I 

CA Absorptivity I&If 
lmt at 450 mn/lO cm2 colour 

t 

Water ;; 181 261$ 231 O-040 159 102 041 Dark feznon 
130 210 175 0.038 123 

72 :; 

634 Dark Iemon 

::: :z 204 

:: 

183 176 @024 O-029 117 110 O-35 O-32 Dark Liit lemon orange : 

27 1:: 
fE 

0030 99 62 O-25 Mid-lemon 

::: 
172 O-031 105 O-28 Dark lemon c 

105 167 149 0034 104 :: O-31 Mid-orange E 
AA E :: 214 z z: 134 80 

210 119 91 

8E Dark lemon a 

Darklemon , 

CA 
I 

31 168 219 192 O-035 122 97 039 Mid-orange z 153 179 238 228 203 186 O-038 0028 136 144 94 92 (L36 635 Mid-orange Ep 

Light orange B 
. 

* AA=ascorbic acid; CA=cblorogenic acid; t CA loss=diKerence between maximum value and value at end of cure. 
$ CA at 48 hr was maximum level measured during the cure. 

W 

c: 
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The chlorogenic acid content of the fresh leaf was a good index of the maximum amount 
of chlorogenic acid produced during curing and it gave a good indication of the browning 
potential of the leaf, although this potential was only realized during conditions of extended 
yellowing. In commercial curing, large numbers of leaves are cured together and, due to 
variations in field treatment and ripeness, many leaves undergo excess yellowing so that a 
wider range of colours is obtained. 

Ascorbic acid did not affect the colour of the cure4 leaves, nor did it affect pigment 
production, although in both types of cure the leaves with additional ascorbic acid had very 
much better lustre. Polyphenol oxidase activity was also unrelated to pigment production 
in both types of cure. 

These findings are in agreement with the current hypothesis that when browning pigments 
are formed in cured tobacco they are derived from polyphenols, especially chlorogenic acid, 
and that they are formed only during autolysis. 10*11*13*15-17 There was no basis to suppose 
that ascorbic acid acted to inhibit pigment formation and to prevent oxidation of chlorogenic 
acid.** 

EXPERIMENTAL 

IkmplihgPnoudurc 

IVicoiiwra t&mm (var. Hicks Broadleaf) plants were grown iu a greenhouse in sand culture with a 
nutrient dripfeed syWen.32 Leavee were harvested when tech&ally ripe and flue+xred iu cabinets by 
conventional proced~. Samples of tiaaue were taken from the leavea uGng cork-borers of either 6 or 16 mm 
dia. As leaver shrink during flue-cur@, samples of a constant size will ioclude a greater proportion of the 
leaf’as the cure progreesea, and parameten measured on a uuit area bask will show a spurious inflation during 
the cure. To overcome this. the areaa to be sampled during a cure were marked on the fresh leaf lamina with 
Indian iok using a cork-borer. When samples were required during a cure these markM areas were punched 
outwithanover-sisecork-borcrand trimmedwithscisson totheinkliue. Allassa~werethereforecomparable 
on a fresh-leaf area basii, and variations of parameters refIected variations in the whole leaf. 

Leaf discs were rapidly homogenized with a few drops of water at O+” in a @ass tubular pestle and mortar 
to form a paste. Proteins were precipitated by the addition of a cold mixture of ethanol and diethyl ether 
(4/l, v/v, 10 ml). The mixture waa centrifuged after standing for 10 min at o-4”, the supernatant discarded. 
and the r&due washed with diethyl ether and dried under reduced prcssure.33 The residue was a light brown 
powder which contained enzymic material. 

Assay of Poiyphed Oxi&sc 

Since chlorogenic acid is the major polyphenol in tobncw, the polyphmol oxidase assay was carried out 
using this compound as the substrate and using a modification of the methods of Sisler and Evans.‘9 Each 
sample of powder was ground with phosphate buffer (02 M, pH GO,10 ml), shaken for 10 min and ceotrifu8ed 
to yield a clear supernatant which was used as the crude enzyme solution. Enzyme solution (3-5 ml) was 
added to an aqueous chloropenic acid solution (04 per cent w/v, 06 ml) and incubated at 25”. Aliquots of 
the incubated solutions (O-3 ml) were taken from the reaction mixture at minute intervals, diluted with water 
(10 ml) and the absorptivity at 325 nm measured. For a limited period of time the reduction iu absorptivity 
was lioear and this phase wae taken as a measure of the initial rate. 39 From observations of chemically oxi- 
dized chlorogenic acid and by comparison with other methods of assay the absorptivity of the quioone formed 
was estimated to be about 25 per cent of that of the parent chlorogenic acid. Under the stated conditions, one 
I.W. of activity was represented by a reduction of 0103 absorptivity units. 

The enzyme reaction had a pH optimum of 6+, aud with reaction mixtures having 003-005 I.U. of 
activity, maximum initial velocity was achieved at sub&rate concentratiooE above 12-S x 10-4 hi and 8 con- 

antration of 16 x 10-r M was used in the assays. K,,, was estimated as 60 x 10-d M. 
A disc of tissue was taken from each side of a leaf and there were combined to form one sample. If samples 

were restricted to the middle half of the leaf the variation between sampled taken from any one leaf was no 
more than f4 per cent from the mean. 

35 H. V. Baaobmvaa, Methods ofksrry~rjc An&s&, pp. 895 and 905. Academic Prem, New York (1963). 
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Assay of Perox~ 

Each sample of enzyme powder was ground with phosphate buiTer (05 hi, pH 6.1, IO ml), shaken for 
10 min. centrifuged, and the supernatant made up to 200 ml with but&r. Peroxidase activity was assayed from 
the rate of increase in absorptivity at 485 nm in reaction mixtures contaioing HIOs (O-03 M, 13 ml),pphenyl- 
ene diamii (1 per cent w/v, OS ml), and enxyme solution (2 ml) at Zlq-ts using an appropriate blank in which 

buffer replaced the enxyme solution. 
The pH optic of the reaction was found to be 6.4 and mixtures were prepared with pH 6-l buffer 

which, on the addition ofp-phenykme diamine, became pH 6-4. The ratio of HsOs topphenyiene diamme was 
approximately equimolar, which was eesential in order to keep these components mutually saturated. During 
calibration tests, the non-enxymic dehydrogenation of one hole pphenylene diamhre gave an &tease in 
absorptivity of 0*00045 units under the conditions of assay used. For enayme preparations of up to 120 1-U. 
activity per ml, maximum initial velocity was achieved using 05 ml ofpphenylene diamine solution. A disc 
of tissue was taken from each side of a leaf and these were combined to form one sample. Variations between 
samples taken from any one leaf were no more than f 5 per cent from the mean if samples were restricted to 
the middle half of the leaf. 

EstimatJon ofAscorbic Acid 

Dehydro-ascorbic acid was estimated by a modiition of the method of Shaffert and Kingsley36 by 
which dehydro-ascorbic acid osaxone was produced in strong acid conditions using thiourea to prevent 
at&oxidation of ascorbic acid. Total ascorbic acid was estimated after the conversion of ascorbii acid to 
dehydr~rbi~ acid, using Norit carbon. and ascorbic acid values were obtained from the difference of 
these two values. 

t+dinitrophenyl hydra&e (15 g) was added to methanol (100 ml) and boiled for 2-3 min. Cont. HCl 
(1 ml) was added and the solution cooled. Further HCI (29 ml) was added, the solution stood overnight and 
filtered. 

Fresh leaf discs were homogenixed in a solution of oxalic acid (05 per cent w/v, 10 ml) and centrifuged to 
remove particulate matter. Aliquots of the supematant (1 ml) were mixed with thiourea (saturated solution 
in 50 per cent aqueous ethanol, 01 ml) and 2,4dinitrophenyl hydraxine (1 ml), and heated at 75” for 90 mm. 
The remainder of the supematant was mixed with Norit carbon (approximately @25 g), shaken for 1 mm and 
filtered. Aliquots of the filtrate (1 ml) were mixed with thiourea and 2,4dinitro phenyl hydraxhre and heated 
as before. The osawnes formed were collected by centrifuging and, after decanting off the supernatant, the 
precipitate was dissolved in acetone (1 ml). The osaxones were separated by ascendmg paper chromato- 
graphy on Whatman No. 1 paper using CHCl&hlorobenxene (3/l v/v) as solvent.37 Thered dehydm-ascorbic 
acidosazonc(R,~4i)wasextnrctedintoglacialaceticacid(5 ml)and theabsorptivityoftheresultingsolution 
measured at 506 run. 

There was considerable variation in the concentration of ascorbic acid over the area of a leaf{ f 10 per cent 
from the mean) and to miniiixe this variation discs were taken from the tip, middle and butt areas of each 
side of a leaf and the six discs pooled to make one sample. 

Estimation 0fChJorogenic Acid 

Leaf discs were homogeniuxf in 50 per cent aqueous ethanol (v/v, approximately 10 ml), boiled brieffy to 
inactivate enxymes. and made up to 10 ml. Aliquots (02-05 ml) were separated by twodhnensional paper 
chromatography using methyl ethyl ketonelpropionic acid/water (2/1/l, v/v/v) in the that dire&ion and 5 
per cent aqueous ethanol m the second. 
impurities. 

Papers were pre-washed with 50 per cent aqueous ethanol to remove 
Several fluorescent soots, including chlorogenic acid, rutin, and scopolethr, were observed on the 

developed chromatogram under U.V. light. The chlorogenic acid spot was extracted in 50 per cent ethanol 
(10 ml) and its absorptivity measured at 330 run using appropriate blanks. Variation between samples taken 
from any one leaf was about f 5 per cent from the mean, and to mini this a disc was taken from each of 
the four quadrants of the leaf and these were pooled to form one sample. 

Estimution of Pigments 

Discs were taken from each of the four quadrants of a fresh leaf, pooled and retluxed for 15 min in hot 
80 per cent aqueous ethanol solution (10 ml) to extract the chlorophyll. 
determined from the absorptivity of the extract at 435 and 670 nm. 

The chlorophyll concentration was 

The brown pigmentsofcured leaveswereextracted by soakmgleafdiscs in water (lOm1 percms)for 18hr. 
The extracts were clarified by centrifuging and their aheorptivities measured at 450 nm. Leaf colour was 
estimated subjectivery on a scale light lemon, mid-lemon, dark lemon, light orange, mid-orange and dark 
orange. 

3sR.R.S HAPPERT and G. R. Krt+rosrx~, J. BioJ. Chem. 212.59 (1955). 
37 C. A. PA’ISCHKY, Angew. Chem. 62, SO (1950). 
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The petioles of barvested leaves, all at the same stage of ripeness, were cleanly cut with a razor and placed 
in beakers containing water (for the control), ascorbic acid (10 per cent w/v). or chlorogenk acid (1 per cent 
w/v), for 4 hr whilst the air around the leaves was gently agitated using electric hairdryers. Prelimhary 
aspays showed that the ascorbic acid entered the leaves as the reduced and not as the oxidized form, and that 
both added ascorbic and chlorogenic acids were fairly uniformly distributed within the leaves. The leaves 
were cured with yellowing periods of either 2.5 or 4 days. 
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