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Characterisation of Rubber Particle Destabilisation
by B-serum and Bark Sap of Hevea brasiliensis
H.Y. YEANG'

Destabilisation of rubber particle suspensions as indicated by their flocculation, creaming
and coagulation can be induced by the addition of small quantities (8%) of either B-serum
or bark sap o/Hevea brasiliensis. The responses elicited depended on the presence ofC-serttm,
the concentration of rubber particles and the source of the rubber particles (whether they
were low or high density particles) in the suspensions. Under appropriate conditions,
instantaneous flocculation of rubber particles can be induced by B-serum or bark sap. The
rapidity of this response was consistent with its possible involvement in latex vessel plugging.
The destabilisation of rubber particles by B-serum was markedly inhibited when C-serum was
present in the suspension whereas destabilisation was largely unaffected when induced by bark
sap. In fact, coagulation could be induced by bark sap only in the presence of C-serum. The
denser rubber particles from Zone 2 of centrifuged latex were more sensitive to destabilisation
than those from Zone 1 which constituted the major proportion of the rubber in latex.
Plugs that are formed progressively at the cut
ends of severed latex vessels when the rubber
tree is tapped inhibit latex exudation1'2'3. The
plugging behaviour of the tree thus influences

example, since B-serum activity is inhibited by
C-serum6, B-serum reactions would differ
depending on whether they are carried out in

the duration of latex flow and yield output.

the presence or absence of C-serum. The
destabilisation response is also affected by the

Latex vessel plugs are composed mainly of

type of rubber particles used in the reaction.

destabilised and coagulated rubber particles
together with destabilised lutoids4. Hence, the
destabilisation of latex as it exudes from the tree

While much of the previous work has been
based on rubber particles obtained from the

plays an important role in the formation of

of centrifuged latex, it has recently been

major rubber cream fraction (Moir's13 Zone 1)

latex vessel plugs. Latex destabilisation also

shown 12 that the denser rubber particles from

features prominently in the latex vessels of trees

Zones 2 and 3 are far more susceptible to

suffering from dryness5 which is a disorder of
the rubber tree where the tapping cut ceases to
yield partially or completely.

destabilisation by bark sap. To complicate
matters further, quantification of latex destabilisation has been based on different
criteria, principally the onset of flocculation,

Two native latex destabilising agents are

creaming, or coagulation of the rubber particles
in latex or a rubber particle suspension. There

known in Hevea: B-serum, which is the fluid
content of lutoids found in the latex and bark

has been some confusion and uncertainty as to
whether these three parameters do in fact
measure one and the same variable. It has been
observed, for example, that rubber particle
suspensions often flocculate without subsequent

sap which is the fluid content of bark tissue.
Although various characteristics of the destabilisation of latex or rubber particle suspensions

by B-serum6'7'8 and bark sap9'12 have been
described, it is often difficult to make comparative assessments of such collated information
because of the dissimilar experimental approaches employed by different workers. For

formation of a coagulum7.

The present study was undertaken to characterise the destabilisation of rubber particle

"Rubber Research Institute of Malaysia, P.O. Box 10150, 50908 Kuala Lumpur, Malaysia

47

Journal of Natural Rubber Research, Volume 4, Number 1, March 1989
suspensions by B-serum and by bark sap as influenced by the:
• Source of the rubber particles: whether
they were low density rubber particles
from the rubber cream fraction of
centrifuged latex (Moir's Zone 1) or

high density rubber particles from
Zones 2 and 3
• Rubber particle content in the suspension
• Presence of C-serum in the suspending
medium.

Zone 1
Zone 3
-Wyssling

complexes
Zone 2

In each instance, destabilisation was assessed
in terms of the:

Bottom

• Flocculation of rubber particles
•

C-serum

fraction

Creaming of rubber particles

• Coagulation of rubber particles.

Figure 1. Fractionation of fresh latex by highspeed centrifugation.
B-serum was prepared as described previously12 by repeated freezing and thawing of
the bottom fraction of centrifuged latex to
rupture the lutoids. To prepare bark sap, bark
shavings excised from the tapping cut were
pressed between pinch rollers as described
previously12. The extract was cleared by low-

MATERIALS AND METHODS

The flow of latex for the first half-hour was

collected into chilled containers from RRIM 600
trees tapped ViS d/2 on Panel BO~2. The latex
was centrifuged in a Sorvall RC-2B centrifuge
at 19 000 r.p.m. (44 000 g max.) at 3°C-4°C to

obtain the basic centrifugation zones described

by Moir13 (Figure I). Rubber cream from

speed centrifugation.

Zone I was sampled after centrifugation of the
latex for I h while Zone 2 was recovered after
centrifugation for 2 h. The additional hour of
centrifugation had the effect of transferring
some of the high density rubber particles from
Zone 3 to Zone 213. Thus, Zone 2 in this
instance also contained rubber particles that
would otherwise have been deposited in Zone 3

Immediately on adding the destabiliser (8%
B-serum or 8°7o bark sap) to the rubber particle
suspension in the test tube, the contents were
mixed for 2-3 s using a vortex mixer. Destabilisation of the rubber particle suspensions was
characterised in terms of flocculation, creaming
or coagulation of the particles. Flocculation

was quantified by visual score of the amount
of floccules left behind on the test tube wall
after vortex mixing (Figure 2). The rubber
particle suspensions were checked for the
formation of a layer of cream 15 min after the
destabiliser was added. The test tubes were
checked for coagulation 50 min after addition
of the destabiliser. Coagulation was deemed to
have occurred when the agglomeration and
gellation of rubber particles had proceeded to
the extent that a cohesive mass could be picked
up using a pair of forceps.

had the duration of centrifugation been the

usual 1 h. The rubber particle and C-serum
contents in the Zone 1 and Zone 2 samples were
initially estimated from the proportion of dry
solids in the samples. Using these guide figures,
suspensions of 1% and 5% rubber particle
content in varying concentrations of C-serum
were prepared by resuspending the samples in
appropriate mixtures of C-serum and water.
The suspensions were filtered through muslin
cloth before use.
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Figure 2. Visual scoring of rubber panicle flocculation based on the amount of rubber
floccules adhering to the sides of the test tube after vortex-mixing.
The concentration of C-serum in the test
suspension refers to the proportion of C-serum

Moir's Zone 1 of centrifuged latex or higher
density particles from Zone 2). Details of
the flocculation, creaming and coagulation
responses are presented in Table I for 1%
rubber particle suspensions and in Table 2 for
5% rubber particle suspensions. The salient
features are as follows.

in the suspending medium after addition of the
destabiliser. Concentrations of rubber particles,
B-serum and bark sap refer to the final concentrations in 2 ml reaction mixtures.
RESULTS

Flocculation

All three responses to destabilisation of rubber
particle suspensions, viz. flocculation, creaming

and coagulation of the rubber particles, could
be induced by the addition of 8% of either
B-serum or bark sap. These responses were
elicited to varying extents under different
experimental conditions, depending on the
presence of C-serum in the suspension, the
concentration of rubber particles in the suspension and the source of the rubber particles
(whether they were low-density particles from
49

Flocculation occurred in suspensions of
rubber particles prepared from either Zone 1
or Zone 2 of centrifuged latex. Zone2 particles
appeared to flocculate better in most instances
despite the fact that they were presumably less
visible since in centrifuged latex, Zone 2 was
more translucent compared with the opaque
white Zone 1.

A suspension of 5% rubber particles flocculated better than a 1% suspension.
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TABLE 1. EFFECT OF 8% B-SERUM OR 8% BARK SAP ON THE DESTABILISATION OF
1% RUBBER PARTICLE SUSPENSIONS IN VARYING C-SERUM CONCENTRATIONS
Zone 1 rubber particles

Zone 2 rubber particles

C-serum in suspending medium
1% 5Vo 10% 20% 50% 92%

C-serum in suspending medium
1% 5% 10% 20% 50% 92%

Bark sap

1.3 1.3
0.9 0.9

0.9
1.1

0.8
0.9

0
0.4

0
0.6

2.0 2.0
1.8 1.8

2.0
1.0

2.0
1.0

0.3
1.0

0
1.0

Creaming

B-serum
Bark sap

1.8 1.4
1.3 0.3

1,0
0

0.5
0

0
0

0
0

1.8 0.9
0.3
0

0.5
0

0.3
0

0
0

0
0

Coagulation

B-serum
Bark sap

0
0

0
0

0
0

0
0

Response3

Flocculation

Destabiliser

B-serum

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

'Flocculation scored on a scale of 0 to 5: 0 = no flocculation; 5 = very strong flocculation
Creaming scored on a scale of 0 to 2: 0 = no creaming; 1 = poorly defined cream layer;
2 = well defined cream layer
Coagulation scores: 0 = no coagulation
Results are the means of four experiments

TABLE 2. EFFECT OF 8% B-SERUM OR 8% BARK SAP ON THE DESTABILISATION OF
5% RUBBER PARTICLE SUSPENSIONS IN VARYING C-SERUM CONCENTRATIONS
Response3

Flocculation
Creaming
Coagulation

Destabiliser

Zone 1 rubber particles
C-serum in suspending medium
20%
3%
10%
50%
92%

Zone 2 rubber particles
C-serum in suspending medium
3%
10%
20%
50%
92%

3.5
4.0

3.0
3.5

3.0
3.8

2.3
3.3

3.0

3.3
4.5

3.0
4.5

2.8
4.3

1.0
4.0

0
40

Bark sap

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

0
0

B-serum
Bark sap

0
0

0
0

0
0

0
0

0
0

a
0

b
0

0
0

0
c

0
d

B-serum
Bark sap
B-serum

1.6

'Flocculation scored on a scale of 0 to 5; 0 = no flocculation; 5 = very strong flocculation
Creaming scores; 0 = no creaming
Coagulation scores: 0 = no coagulation; a = coagulation in twenty-three out of twenty-four experiments; b = coagulation
in one out of four experiments; c = partial coagulation in two out of four experiments; d = coagulation in nineteen
out of twenty-five experiments.

Results are the means of four experiments.

Flocculation, when induced by bark sap, was
not markedly influenced by the concentration
of C-serum present in the suspension although
the reaction tended to be stronger at lower
C-serum concentrations.

of C-serum. This was especially marked with
Zone 2 rubber particles where flocculation in
both 1% or 5% rubber particle suspensions was
completely suppressed when C-serum concentration in the suspending medium was 92%
(Figure 3). With Zone 1 rubber particles,
complete inhibition of flocculation at high
C-serum concentration by B-serum only

On the other hand, flocculation evoked by
B-serum was strongly inhibited by the presence
50

B
92%
C-serum

3%
C-serum
B-serum

92%
3%
C-serum
C-serum
+ Bark sap

FigureS. Flocculation and coagulation of 5% rubber particle suspensions induced by 8% B-serum
or 8% bark sap. The rubber particles were from Zone 2 ofcentrifuged latex and were suspended

in media containing 92% or 3% C-serum. A: Latex floes left on the walls of the test tubes after
vortex mixing of the contents when the destabilisers were added; B: Contents of the same tubes
after 50 min
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occurred when the rubber particle content was
low (1 %). When the rubber particle content was
raised to 5%, some flocculation occurred even

Creaming occurred only when the C-serum
concentration in the suspending medium was

low (Figure 4), i.e. about 3% for bark sap and
below 20% for B-serum.

when the suspending medium consisted of 92%
C-serum.

Coagulation
Creaming

Coagulation occurred in suspensions of

Creaming occurred in suspensions of rubber
particles prepared from either Zone 1 or Zone 2
of centrifuged latex. Zone 1 particles creamed
more readily, this being attributable to some
extent at least by its lower density. B-serum was
more effective than bark sap in evoking the
creaming response (Figure 4).

rubber particles prepared from Zone 2 but not
from Zone 1 of centrifuged latex. It occurred

Creaming occurred only when the rubber
content in the suspension was low (1%). The
response was poor when the concentration of

or bark sap that was being used as the destabiliser. When B-serum was added, coagulation
only occurred in the substantial absence of
C-serum (Figure 3). Coagulation was strongly

only when the rubber particle content was suffi-

ciently high (5%). Suspensions of 1% rubber
particles did not coagulate.

The effect of C-serum on the coagulation
response depended on whether it was B-serum

rubber particles was raised to 5%.

92%
C-serum

1%

92%
C-serum

C-serum

C-serum
Zone 2

Zone 1

Figure 4. Creaming in I % rubber panicle suspensions induced by 8% B-serum or 8% bark sap.
Rubber particles from Zone 1 or Zone 2 of centrifuged latex were suspended in media containing

92 % or 1 % C-serum. For each pair of test tubes, B-serum had been added to the left test tube
and bark sap to the right test tube. (Photographed after 30 min)
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inhibited by 10% C-serum in the suspending

There were a few instances (six out of twenty-

medium, the inhibition being complete at about

five observations) where bark sap inexplicably

20% C-serum.

failed to invoke the coagulation response
despite the presence of all conducive experimen-

With bark sap as the destabiliser, the

tal conditions. Copious flocculation was usually

presence of C-serum was obligatory for

observed on these occasions.

coagulation to take place. Coagulation was
observed when C-serum concentration in the
suspending medium was 92% while no coagulation occurred at below 50% C-serum despite
extensive flocculation in the suspension

The principal responses to B-serum and bark

sap in the destabilisation of rubber particles
under different experimental conditions are
summarised in Figure 5.

(Figure 3).

DISCUSSION

Various parameters governing rubber particle

The various reactions described above, viz.

destabilisation were examined to determine the
extent they were identifiable with the destabili-

the flocculation, creaming and coagulation of
rubber particle suspensions, showed good
repeatability generally, with the exception of
the coagulation response induced by bark sap.

Rubber
particle
content

Source of
rubber
particles

sation of latex in the rubber tree in connection
with latex vessel plugging and tree dryness.

C-serum present
Response to destabilisation
in the suspending Destabiliser
added
Flocculation Creaming Coagulation
medium
.s —— 1% ——<^— B-serum

/

Zone 1 \_

^

\\

— Bark sap
— B-serum
^— 92% ——<_

^\

— Bark sap

B-serum
^"^— 3% —<^r^——
— Bark sap
— 92*Vo ——<r~" — B-serum
— Bark sap
__ — B-serum
^-~_— Bark sap
^2% ——<T^~— B-serum
J £-, f\J

^^^

— Bark sap

Zone 2 \

^

<

— B-serum

3% ——<^_ — Bark sap
— B-serum
92% ——<^~

O = No response;

^^*^^

— Bark sap

= Weak response;

3

3
O
3
•
•
3
•
•
3
O
3
•
•
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•
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O
O
O
O
O
O

t
3
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
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Figure 5. Summary of the destabilising responses in rubber particle suspensions in relation to
the source of the rubber particles, the rubber particle content, the substantial presence or absence
of C-serum and the destabiliser used.
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Among the three responses to destabilisation
— flocculation, creaming and coagulation —
creaming could least be likened to the destabilisation of whole latex. It occurred only when

Indeed, C-serum strongly inhibited the coagulation response (the same also being true of the

both the rubber particle and the C-serum

C-serum requirement for the coagulation

content were extremely low: conditions that are
not readily met in vivo. (Nevertheless, this does
not preclude creaming from being usefully

response suggests a possible dissimilarity in

employed as an indicator of destabilisation.)

be ascertained. The ability of the cationic B-

Rubber particle flocculation was the response
most readily induced and under appropriate
experimental conditions, floe formation was
instantaneous upon addition of the destabiliser.
The rapidity of the response was consistent with
a possible role in latex vessel plugging. While
small amounts of microscopic floes are always

serum to nullify the electrostatic stability of the

other two destabilising responses, flocculation
and creaming). The striking difference in

the modes of action of B-serum and bark sap
in coagulating rubber particles. This needs to

negatively charged rubber particles has been

reported 7 . In this connection, it is comprehen-

sible how C-serum (which has a net negative
charge) is antagonistic to B-serum and deemed
to have a 'protective' effect on rubber particles
against the destabilising effect of B-serum6'7.
The same line of reasoning is obviously inapplicable to bark sap activity where C-serum
contributes to coagulation rather than inhibits
it. The mode of action of the largely anionic
bark sap has yet to be determined.

present in collected latex 6 , the floes described

in this report were visible to the unaided eye.

They were therefore more than adequate in size
to obstruct latex vessels in the formation of
plugs or in tree dryness even without their

coalescing to form a coagulum.

The results from this study showed a marked
difference in the susceptibility to destabilisation
between the larger, low density rubber particles

Coagulation of rubber particles requires first
the adhesion of the particles to one another
(flocculation) and, additionally, the lysis of
rubber particle membranes to enable coalescence
of the particles. It was observed that the degree
of flocculation did not always correspond with
the extent of coagulation. While coagulation
was usually preceded by flocculation, the latter
often took place without subsequent coagula-

of Zone I (which accounts for the major
proportion of rubber in the latex) and the
smaller, high density particles (which are the
main constituents of Zones 2 and 3 of centrifuged latex). Not only were the high density-

tion. For example, bark sap induced copious

but this was also the case when destabilisation
was induced by B-serum. Coagulation occurred

rubber particles more sensitive to destabilisation induced by bark sap as previously noted12,

flocculation in a suspension of 5% Zone 2
rubber particles in the relative absence of
C-serum. But unless C-serum was also included
in the suspension, coagulation did not occur
(Figure 3). This observation points to the
existence of an essential factor present in
C-serum that triggered coagulum formation in

only with the Zone 2 rubber particles and
generally these particles also tended to flocculate
more readily than those from Zone I. Among
the rubber particle destabilisation responses,
only in the creaming reaction did Zone 1
particles fare better. Even then, this could be

rubber particle suspensions destabilised by bark

due largely to the lower density of the Zone I

sap.

particles which enhanced their floatation to
form a cream.

A putative enzyme, 'coagulase', with

rubber coagulating properties has been reported
in C-serum 14 - 1 ', but it was effective in
coagulating only heated rubber particles in the
presence of added calcium. Its relevance to the
coagulation reaction in the present study is
therefore doubtful.

The destabilisation responses in the rubber
particle suspensions observed in this investiga-

tion enables a conceptualisation of how destabilisation might occur in whole latex. (One disadvantage of using whole latex in the experiments is that the amount of B-serum in the test

When coagulation was induced by B-serum,
the presence of C-serum was not required.

mixtures cannot be controlled accurately;
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lutoids present in latex are liable to rupture with
the consequent release of more B-serum.) The
results from this study suggest that the physiological processes in latex destabilisation that
could be concerned with latex plug formation
and in tree dryness involve the following:
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