- PECTIC SUBSTANCES IN CEYLON TEA

M. S. Ramaswamy

Introduction

_ An casential group of constituents of all plants is known by the generil name -
of pectins or pectic sugstances. Commercially thesc substances are extracted on a
large scale on account of their importance in the production of jams, jellies and
. canned fruit products. Even though pectic substances constitute from 4 to 8 per
cent of the dry matter of tea leaf sufficient attention has not been paid to them,
most of the investigations having been concentrated on other important constituents
like polyphenols, caffeine, proteins, etc. -However, cccasional references have been
made about the ible role of these substances in tea manufacture... Shaw (1)
suggested that *the production of ‘apple’ smell in satislactorily withered leaf may .
be ascribed to this transformation—(i.e. the demethylation of pectin during manu-
facture)—on analogy with the formation of the characteristic aromas produced .
during the ripening of fruits coincidental with pectic changes.” Lamb (2) pos. .
tulated that “characters such as stickiness of withered leaf and rolled leaf, often
associated with good quality in Ceylon, maltiness of fired tea and the apple-like
odour of well withered leaf may quite possibly be associated with ﬁ:un content,”
" while Roberts {3) mentioned that “changes in the pectins are probablé but these
have been but litile investigated.” : - o o

Shaw suggested a technological differentiation between .two.kinds of pectic
substarices. They are the ‘infusion’ type (water soluble) and the ‘texture’ type
- (water insoluble) ; the former is present mostly in the tender portions of the flash . -
while the latter occurs in older leaves and stalk. While the “infusion® typc imparts K
certain liquoring characteristics to tea, the ‘texture’ type helps in the keeping pro-
perties of made-tea- and also in ‘protecting tea polyphenols by reacting, first with
~heavy metals which would otherwise affect the polyphenols. ~Following this work
in South India, Lamb carried out the analysis ofOCcyion- green leaf for pectic sub-
stances but he made no distinction between the various fractions. fl?: results
showed wide variations in pectic contents in samples of leafl of varying ages. 1t
has recently been shown that the pectic content of tea leaf from shaded .areasis

]

slightly léss than that found frgm unshaded areas (5).

Nomenclature of pectic substances

‘ - Pectic substances are complex colloidal carbohydrate. derivatives containing a.
large ﬂ;lopo;tion of anhydro-galacturonic acid residucs which are probably linked
in a chain structure. The carboxyl groups of these units may be partly esterified

by methyl groups and partly or completely neuiralized by one or more bases.

According to the most recent nomenclature (4), the following termy are used for

various fractions of pectic substances:—

Protopectin — Precursor of pectic substances, insoluble in water.
Pectinic acid — Colloidal galacturonic acids containing appreciable propors’
tions of methyl ester ilr:ups, soluble in water. (Water sojuble :
tea pectins fall into this group). ' B
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Pectin — Compasition same as pectinic acids but capable of forming i
Jelly with sugar and acid The commercial products of ir
pectin belong to this group. The ideal pectin {completely e
esterified with methyl aleohol) contains 16.3 per cent meth- :
oxyl groups, but so far such a product has not been isolated
from any vegetable source.
Pectic acid  — Pectic substances free from methyl ester groups. This group
is possibly present in the protopectin in combination with
bivalent metals like calcium and magnesium. 1t combines
readily with heavy metals to form a precipitate. In the
determination of pectic substances in tea (for which 0.5%, .
" aqueous ammonjutl oxalate is. used. as. solvent) this. group. ==~ -
along with the water soluble fraction is estimated as total
peetin content.

Protopectin in tea

Protopectin is probably found in the middle lamella and primary cell membrane
of the leaf. Being insoluble in water it is pot likely to play an important role inthe
manufacture of tea. However, during withering part of it may be broken down to
pectinic acid. An increase in the pectinic acid content is found to occur during
withering—see table below:

St. Coombs Estate legf

Water soluble pectin | Water insoluble pectin
{% dry matter) (%5 dry matter)
Green leaf 3.62 0.92
Withered leaf 4.24 1.60
Fermented leafl 3.84 1.60

fecti:ﬁ_c acid in tea

The pectinic acids from different plant materials are heterogeneous containing
varying proportions of methoxyl groups. In Ceylon tea leaf, pectinic acid appears
to- have a fairly constant compogition containing 4 to § per cent methyl alcohol.
The composition of fractions of pectic substances from green leaf prepared by two
different methods is shown below. In.one experiment (I) the fractions were
prepared directly from dried green leaf while in the other (II)} the leaf pigments
were removed completely with acetone prior to fractionation. -

Fraction of Pectic substances: Experiment 1 Experiment 11
. @ -w . ®)
(1} Solublein water .- 3106 - S.84** - 58,5 4350
(2) Soluble in 0.5% oxalic acid -45.5" "~ 3.39* . 61.0 4.54%
(3) Soluble in 0.5%, ammonium
oxalate . 4.8 4.08% 62.6 4.66*

. A comparison between citrus pectin (B.D.H. 100 grade) and a highly purificd
N preparation of tea pectinic acid from a single clone {clone No. 9) showed that the
¥ latter contained & higher percentage of methoxyl groups than the former,

(a) Methyl alcohol expressed as mgy. in 109 gms. dry leaf
{b) Methyl alcohol expressed as ¥, pectinic acid
. 8% Actual determnination, *Calculated.
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‘Methyl alcohol
(Moisture and ash-free basis)

'B.D.H. Citrus pectin (100 grade) 4.28%,
Tea pectinic acid from clone No. 8 5.068%,

Role of pectinic acids in tea manufacture

The biochemical changes that occur to the pcumuc acids in tea during rolling
and fermentation have been studied in detail in this laboratory and the results
pubtlished from tme to time (5-8). The presence and role of an esterase (enzyme)
controlling these reactions was reported for the first time. '

The general course of reaction of this enzyme-substrate system occurring during
rujling and fermentation may be represented as follows:—

Pectin-

methyl-caterase Pectinic acid - Methyl alcohol

Tea pectinic acid
The optimum conditions for this reaction are a pH of 6.8 and a temperature
of 45°C. The reaction commences as soon as the leal is rolled and continues during
the period of fermentation. During firing, however, the enzyme is completely
inactivated and the reaction is thus arrested. This reaction does not oceur if the
leaf is steamed prior to its rolling and fermentation. ‘The enzymic nature of the-
production of methyl alcohol during fermentation has been clearly demonstrated.

Methyl aleohol produced dnnng
fermentation (Results ex;

mps. methyl alcohol from 00
gms. dry leafl).

Experiment 1 Experiment 2
Green leaf withered, minced and fermented -

for 2} hours 39.4 26.8-
Green |eaf steamed, \ﬂthcred minced and .
fermented for 2} hours 0 o

Mecthyl alcohol . production during fermentation has also been demonstrated -
in leaf subjected to different types of rolling treatment in the facto uantities of
methyl alcohol varying between 28 and 37 mgs. per 100 gms. dryr}’ea? have been
collected during the 4 hour period of fermentation. A combined collection of this
methyl a.lcohol along with other volatile' constituents from fermenting leaf (amall
scale collections e by sweeping the volatiles by a current of air, absorbi
water and extracting with ethcr{ gave a minute quantity of a yellow crystalline
material with a very strong and pleasant odour of tea. The quantity of thc r.rystal»
line material collected was,’ however imsufficient for identification. . .

- Part of the methyi alcohol formed during fermentation is possibly reacted upon -
by organic acids or other constituents to form non-volatile esters. Thus increase
in this hydrolysable methyl alcohol was found to occur in the fermented leaf when
. compared with that present in withered leaf. In these experiments free volaulc‘
. matter was removed by steam dxst:llatmn before hydiolysis. .. .. e

Hydrolysable methyl alcohol
expresscd ag mgs. in 100 gms.
dry leaf '
‘ Experiment v Experiment 2
Witherced leaf 146 215
Fermented leaf (4 houn) 179 242

During fermentation, the pectm-pectmmclhﬂ esterase enzyme system does

- not exert its optimwn degree of reaction since the temperature and pH of the
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fermenting leaf are very much lower than the optimum conditions necessary for it.
The temperature of the leal’ coming out of the rollers is about 32°C while that of
fermenting leafl is about 27°C. The acidity of the leaf also increases due to the
formation of pectic acid, the pH changing from 5.66 in withered leal t0 5.10in
dhool fermented for 41 hours,

One of the properties of pectic acid is its ability to form a gel under acidic
comglitions, Pectic acid formed during {ermentation is therefore likely to furm a
gel under the acidic conditions of the fermenting leafl and remain as a thin layer
over its surface. This would enable the Jeaf to retain its twisted appearance. The
thin filmm of the gel may impede the easy diffusion of oxygen to the tea polyphenals
and also act as an antioxidant or preservative to the made tea.  The inhibition of
the oxidation of tea polyphenols has been demonstrated by a.number of experi-
© ments Hoth ‘with minced leaf {laboratory conditions) and factory rolled leaf. In
these experiments minced leaf and rolled leaf were deprived of oxygen for varying
periods so that only the reaction between tea pectin and pectin methyl esterase
enzyme could take place, The material was then allowed to ferment under normal
conditions in the presence of air. During the period of one hour’s fermentation,
treated samples showed a definite loss of capacity to absorb oxygen. Depending
upon the conditions of experimentation, this loss was found to vary from 2 to 12%,
in the factory rolled leafand 6 to 489, in the minced leaf. The lower figures obtaified
in the factory rolled leal were due to pre-fermentation that occurred before the leaf
could be brought to the laboratory and in minced leaf to oxygen {air) which was
already held up in the leal and reacted before it could be evacuated. The higher
figures were obtained when the air was continuously swept off by a current of
carbon dioxide during evacuation. In another experiment where green leaf was
treated with a commercial grade of pectin (2.6%,), the loss in oxygen absorption
capacity was found to be nearly 40%.

Further proof of the action of pectic acid on the oxidation of tea polyphenals
was adduced under practical conditions using the experimental machinery in the
tactory. Freshly harvested clonal leaf from St. Coombs covered with Igew way
dusted with different quantitics of a commercial pectn, and manufactured under
normal conditions. The made tea samples were sent to professional tasters in
Colombo, The results are shown below:

Experimental details, Tasters’ report on
- liquors.
tst Manufacture: Fermentation for 4 hours.
Control ... ... Great strength
Green leaf treated with 1.3%, pectin ... Light and green
" " 2.8% ., . wee  ¥Very thin and green
2nd Manufacture: Fermentation for 3 hours. :
Control ... «.. Good colour and strength
Green leaf treated with 1,39, pectin ... Little greenish :
" " 3.0% .+« Very green

3rd Manufacture: Fermentation for 2 hows, oo
Control ... Good colour and strength
Green leafl treated with 1.5%, pectin ... Greenish :
. ] " 3.0% ... Very green
The pectic acid formed was also found to protect the fermenting leaf from too
rapid condensation of the oxidised polyphenuvls. The degree of condensation may

be judged from the analysis of made tea for its ethyl acetate soluble fraction. The
lower the percentage of this fraction the higher is the degree of condensation (9).
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% dry matter sofuble in ct}xyl

acetate
.. _ ' Experiment 1 Experiment 2
Control ... 11.26 7.78
Rotled or minced leaf held in absence
of oxygen before fermentatior ... 12.49 10.21

'The property of gel formation was demonstrated in green leaf collected from
the factory bulk as well as in a clone which was found to have a very high pectine
methyl esterase enzyme activity. When the leal’ was rapidly comminuted with
water and incubated at 50°C, the whole mass set into a firm gel in 4 hours. The
surface of this mass assumed the characteristic coppery red colour during this period
'on account of its access to air, The rest of the mass remained- perfectly green. -
Evidently the diffusion of oxygen to the lower layers of the mass was prevented by
the gel.

It is probably fortunate that conditions in the leaf during fermentation are not’
optimum for the actiw;gl of the pectin-methy] esterase enzyme; otherwize fermeénta-,
tion might be inhibited before a satisfactory degree of oxidation of the catechins
could be achieved. Undoubtedly there is a balance between the activity of the
polyphenol oxidase and the rate of formation of pectic acid. * .

Varintion in the pectini¢ acid content of clonal leaf

The study of the variations in the pectinic acid content of teas is more important
than any other fraction on account of its role during fermentation. The ‘usual
method of ite determination as calcium pectate (Carre and Haynes) (10) was found
1 be long and tedious. A rapid method was therefore evolved for a rough estima- -
tion of pectinic acid. In this method the leaf samples were freed from steam volatile -
matter, hydrolysed with mild alkali and the methyl alcohol formed -was distitled.
For oxidation and determination of the methyl alcohol in the distillate, the method-
of Walkley and Black (11) was adopted after a slight modification. Though the
results were found to be quite reliable, the final values obtained were found to
give 909, recovery on account of interference from volatile matter from constituents
of leaf other than pectinic acid. For purposes of converting methyl alcohol into
g]ect;lmlc acid, it was assumed that tea pectinic acid contained 4.5 per cent methyl

cohol. :

A summary of results of recent research on the variatons in the pectinic acid .
ﬁt:{ltent of clonal leaf from St. Coombs under different conditions is indicated
ow; ' i :

1. There is a progressive increase in the pectinic acid content of the flush-
fractions from bud to 3rd leaf while the stalk contains as much as the 2nd leal. °
When the total pectic substances of the flush fractions are taken into account, the
.+ Ppectimic acid fraction appears to- show similar increase except in stalk which con- -
-+~ tains the least percentage. C ' o

-~

"Total pectic substances Pectinic acid

Pectinic acid (8) . as Y total -
. o dry leaf) % dry leaf) * pectic substances
Bud 1.76 4.9 35.9
st Leaf . 2.31 6.1 7.9
2nd Leal .. 2.38 1.7 506 i
3rd Leaf - 2.64 5.0 52.8 . 7,
2,38 7.8 3.3

Stalk T e .




2. There is an increase in the ‘i:ctinic acid content of flush as the age from
)

pruning increases from 9 to 21 months, while it falls to a lower level in bushes 33
months old from pruning. :

Age from pruning Pectinic acid
% dry leafl
9 months 1.44
21 months 1.49
33 months 1.02

3. A comparison between high and low quality clonal flush showed that the
pectinic acid content of high quality clones was higher than that in poor quality
clones, < - .

- - . BN e -

Sawmpling Clones above average qualily“ ‘Clone's: below average quality
period Clone No.  Pecuinic acid Clone No. Pectinic acid
o7, dry leal’ %% dry leaf
November, 1957 1294 i.60 407 1.22
February, 1958 2023 1.49 1114 1.02

1. The pectinic acid content of flush appears to increase during dry weather,
particularly when the variations in the day and night temperatures are extreme.

Quality of the Difference between maximum and
clones mininum temperature on the pre-  Peclinic acid
vious day to sampling v dry leal
Above average 16°F 1.44
8°F U.47
Below average 18°F 1.38
14°F 1.22

[t has been shown that protopectin may be broken down to pectinic acid
during withering. But further breakdown of pectinic acid is unlikely since measur-
able quantities of methy) alcohol were not found to occur during this stage.

Pectic acld in tea

It is ngt improbable that pectic acid formed during fermemtation combines
with heavy metals to form the respective insoluble pectates. The walter soluble
fragtion in prade tea would thus be less than that in withered leall Shaw's results
on the pectin content of South Indian teas show a loss of about 17 per cent of the
waler soluble fraction {expressed as calcium pectate) during manufaciure, evidently
tlue to de-inethylation of pectinic acid and subsequent combination of peciic acid
with metallic ions. Experiments in this laboratory have shown that at least 16
per cent of the methyl alcohol of pectinic acid is hydrolysed and lost to the atmosphere
* during fermemarion.  Even though these two resulis.are pot-directly-comparable,
they indicate the possibility of pectic acids heing rendered inspluble darving fer-
mentalin,

Summary
. Apartial breakdown uf protapectin appears to take place during withering,

2. The methyl alcohol contens of tea pectinic acid varies from 4-5 per cent.
Y



3 Pecnmc acids are broken down to pectic acid and methyl alcohol during
fermentation. ‘rcctlc acid formed impedes the oxidation of tea polyphenols
and possibly the condensation of oxidised polyphenols.

4. There appears to be some relationship between quality and the pectlmc
acid content of teas.  The high quality teas produced during dry weather conditions
may probably e related o the presence of a high percentage of this fraction.

References

SHaw, W. S, U.P.AS.I. Tea Scientific Department, Bull. No 6 (1934)
“T.R.I. Bull. No. 18 {(1937). .
Roserts, E, A. H., Advances in Enzvmology 2, 121 (1942)

Kertesz, Z. 1, The Pectic Substances, Interscience Publlshcrs Inc., New .
York & London {19513, :

T.R.1. Bull. Nos. 29 to 34 (1947-1952).

L.A(mssg Ramaswamy, M. S. & Menoss, V., j Scl Food Agric., 9, 43,
1958).

Ramaswauy, M. 5. & LAI(B,J Ihid. 9, 46 (19‘38)
Lams, J. & Ramaswamy, M. S., Bid. 9, 51 (1958).
T.R.1. Bull. No. 30 (1949).

Carre AND Haynes, Biochem. J., 16, 60 (1922).

Preer, C. S., Soil & Plant Analysis, The University of Adclmde, Adelmde'
(1950).

N -

&

—
e EN

e






