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Rubber tree (Hevea brasiliensis Muell Arg.) is the most 
economical species among latex production plants 
(Priyadarshan, 2011; Venkatachalam et al., 2013). Natural 
rubber is biosynthesized through the mevalonate (MVA) 
and 2-C-methyl-D-erythritol 4-phosphate (MEP) pathways in 
the laticifer tissues (Chow et al., 2012; Ramos et al., 2019). In 
addition to the rubber particles, latex contains proteins and 
phospholipids (Ramos et al., 2019). Hevea rubber is mainly 
cultivated in the tropical region of South and Southeast 
Asia, South America, and Africa. Indonesia is one of the 
largest natural rubber producers along with Thailand, India, 
China, Malaysia, and Vietnam.

Latex is harvested by slicing the bark and subsequent 
collecting of the dripping latex in a cup. Although Hevea 
can be tapped anytime, with the recommended time to tap 
before dawn when there is a high turgor pressure in cells 
(An et al., 2014). In such manner, latex will immediately flow 
with maximum velocity after tapping, which will gradually 
decrease, until it ceases to flow (Yeang, 2005; Bauer et al., 
2014). The main latex collection is usually carried out before 
noon. However, after this main collection, some trees (not all) 
still release latex at lower flow rate, especially after ethylene 
stimulation (Shi et al., 2015; An et al., 2016). Some farmers 
blend this late latex collection with main latex collection, 
while others leave it in the cup allowing natural coagulation.

Rubber research has been dedicated to optimizing 
latex yield including rubber breeding and biotechnology 
(Da Costa et al., 2000; Tang et al., 2016) , tapping method 
(Lacote et al., 2013; Sainoi et al., 2017), and stimulant 
application (Zhu and Zhang, 2009; Putranto et al., 2015; 
Dian et al., 2016). Nonetheless, the effect of environment 
and agronomical practices on rubber product properties 
is still not sufficiently comprehended. Moreno et al. (2005) 

noticed that technical properties varied among rubber 
clones. Another study by Giraldo-Vásquez and Velásquez-
Restrepo (2017) showed that seasonal variation influenced 
rubber technical properties. Janoško et al. (2013) suggested 
that the composition of rubber compound determined the 
final product quality.

This study compares the latex total solid content 
(TSC, %) and compound properties of latex samples 
collected at different collection periods. Since particular 
products require certain minimum values of the observed 
phenomena, study results could be contributive to latex 
collection management, as well as rubber processing for 
obtaining of quality products.

Sample collection
An observational study was carried out at Sungei Putih 
Research Centre, Indonesian Rubber Research Institute, Deli 
Serdang, Indonesia in September – November 2017 using 
12 years old PB 260 rubber clone. Latex was collected from 
five trees, with the collection replicated three times with 
tapping task as replication. Tapping activity was executed 
at 08:00 AM (local time). Latex was collected at 20 minutes 
after tapping (L20), 60 minutes after tapping (L60), and 300 
minutes after tapping (L300). The total solid content was 
measured in accordance with the standard ASTM-D 1076-02 
(ASTM International, 2002).

Compound establishment
Rubber compounds were processed using open mill and 
formula shown in Table 1. Mastication was performed in five 
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minutes and zinc oxide and stearic acid were added after that. 
Subsequently, n-cyclohexyl-2-benzothiazole sulphonamide 
(CBS) and sulphur were mixed into homogenous material, 
following a 30-minute milling process. Compounds 
were stored overnight at room temperature prior to the 
assessment. The C20 denotes compound from L20, while C60 
was from L60 and C300 was from L300, respectively.

Table 1 The formula for compound establishment

Material Amount (phr)*

Rubber 100.0

Zinc oxide (ZnO) 6.0

Stearic acid 0.5

CBS 0.5

Sulphur 3.5

* phr – parts per hundred rubber

Compound assessment
The compound assessment was carried out at PT. Industri 
Karet Deli laboratory, Medan. Technical properties observed 
included Wallace initial plasticity (P0, %), plasticity retention 
index (PRI, %), and Mooney viscosity (VR) (ML(1 + 4) 100 °C). 
Wallace initial plasticity is the average plastimeter reading 
for the unaged rubber. Plasticity retention index is a measure 
of the resistance of raw natural rubber to thermal oxidation; 
a high resistance is shown as a high index value. Mooney 
viscosity is the viscosity reached after the rotor rotates for 
a specific duration. Technical properties were assessed 
according to SNI 1903-2011 (The National Standardization 
Agency of Indonesia, 2011). 

Compound maturation was measured using Moving Die 
Rheometer 2000 (Alpha Technologies, Washington – USA) at 
180 °C with compound thickness 2 ±0.2 mm. Vulcanization 
characteristics observed included maximum, minimum 
and delta torque modulus, scorch time, and optimum 
cure time. Physical properties assessed included hardness, 
tensile strength, elongation at break, modulus 200, and tear 
strength. The hardness indicates the compound resistance 
to permanent indentation. The tensile strength is the 
maximum stress that the sample can withstand while being 
stretched or pulled before breaking. The elongation at break 
is the extent to which a rubber material can be strained 
before it breaks. The modulus 200 expresses the stress 
needed to strain the sample for 200%. Tear strength shows 
the force necessary for ripping the sample and making the 
crack continue until it fails.

Statistical analysis
Statistical analysis was performed using R Statistic Software 
version 3.4.2 (R Development Core Team) in R Studio 
Interface version 1.1.383 (R Studio Inc.). Beta regression, 
a statistical analysis for percentage and proportion data 
(Mangiafico, 2016), was applied for observation of total solid 
content, Wallace initial plasticity (P0), plasticity retention 
index (PRI), and elongation at break. Mooney viscosity, 
maximum torque modulus, minimum torque modulus, 
delta torque modulus, scorch time, optimum cure time, 
hardness, tensile strength, tear strength, and modulus 200 

were analysed with one-way ANOVA. Estimated marginal 
means were compared on the basis of Tukey comparison 
method at α = 0.05.

Total solid content
Total solid content (TSC) indicates the percentage of solid 
particles contained in the latex. Our results showed that the 
total solid content tended to decrease with an increase in 
latex flowing time. The average TSC of L20 was 26.60 ±0.25%, 
while L60 and L300 were 25.40 ±0.14% and 24.92 ±0.08%, 
respectively. At the beginning of tapping, the latex TSC was 
high due to a local increment of rubber particles near the 
tapping cut driven by accelerated rubber biosynthesis (An et 
al., 2016). Sainoi et al. (2017) suggested that low-frequency 
tapping did not affect the total solid content, since the gap 
between two tapping activities was sufficient for rubber 
regeneration. However, when tapping was combined with 
ethylene stimulation, a declining trend was noticed (Dian et 
al., 2016).

Specific products, such as centrifuged latex (Yup and 
Cacioli, 2002; Maspanger, 2007) and ribbed smoked sheet 
(RSS), require a certain minimum dry rubber content (DRC, 
%) of latex (Morshed et al., 2018). Due to this reason, latex 
collection management has to take into account the 
decrease in latex DRC for meeting the factories’ processing 
requirements. Furthermore, anticoagulant needs to be 
applied wisely, since it affects latex quality as reported by 
Santipanusopon and Riyajan (2009). For products requiring 
high DRC, it is recommended not to blend late latex 
collection with main latex collection. Late latex collection 
may be stored and processed separately for crumb rubber 
production, which does not require such high DRC.

Technical properties
Wallace initial plasticity (P0) shows compound’s compression 
ability, while plasticity retention index (PRI) indicates 
compound oxidation resistance, and Mooney viscosity (VR) 
denotes the length of rubber molecules (Zheleva, 2013). 
The results showed that the latex flowing time significantly 
affected only the PRI; the P0 and VR did not differ significantly 
in individual treatments. The PRI, along with latex flowing 
time, indicated an increase; the PRI value of C300 was higher 
than value of C20, yet it was not significantly different from 
C60. The PRI values of C20, C60, and C300 were 27.00 ±1.73%, 
27.00 ±10.54%, and 41.67 ±12.66%, respectively (Table 
2). The high PRI value suggested that the compound was 
resistant to high temperatures. Our results were partially in 
line with Vachlepi and Purbaya (2018), who reported that 
low rubber content in latex, similar condition to C300, did not 
affect P0 and PRI values.

Compound quality including PRI was influenced by the 
type of anticoagulant (Handayani, 2014) and maturation 
condition (Intapun et al., 2009). Indonesian National 
Standard (SNI) set a minimum P0 of 30% and PRI of 40% for 
SIR 20 (SIR – Standard Indonesian Rubber), the common type 
of crumb rubber produced in Indonesia with regard to the 
ISO standard, whilst VR value is not specified for SIR 20, but 
it is required for SIR 20 CV, a variant of SIR 20 (The National 
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Standardization Agency of Indonesia, 2011). Observed 
results showed that C300 qualifies for SIR 20; nonetheless, the 
PRI values of C20 and C60 do not qualify for it.

Vulcanization characteristics
Vulcanization characteristic testing describes the 
compound vulcanization extent (Cifriadi and Falaah, 2013). 
Our assessment indicated that three compounds (C20, C60, 
and C300) had relatively similar vulcanization characteristics 
(Table 3). Torque modulus describes the crosslink density 
formed during vulcanization, the lower value of Smax – Smin 
indicates fewer crosslinks between rubber particles with 
vulcanizing material (Ramadhan and Fathurrohman, 2013). 
Scorch time (ts2) of C20, C60, and C300 in this study showed 
a relatively same value, i.e. 0.52, 0.48, and 0.51 minutes, 
respectively. The optimum cure time (t90, minutes) of C300 was 
slightly higher (1.40 minutes) than that of C20 (1.35 minutes) 
and C60 (1.37 minutes). Vulcanization time is an important 
parameter related to time and energy efficiency especially 
in large scale production (Vachlepi and Suwardin, 2015). 
Research by Utomo et al. (2010) showed that the energy 
cost of low-grade rubber production was higher than that 
of the high grade one.

Physical properties
The hardness determines the appearance and durability of 
rubber products (Syabani et al., 2018). Result showed that 
the hardness of C300 (35.76 Shore A) was lower than that of 

C20 (43.00 Shore A) and C60 (42.00 Shore A) (Table 4). However, 
all samples tested in this study exhibited a  normal value 
for natural rubber around 40 shore A. The average tensile 
strength of C20 was 8.49 N·mm-2, C60 14.45 N·mm-2, and C300 
14.45 N·mm-2, while tear strength of each compound was 
33.34 N·mm-2, 36.71 N·mm-2, and 30.07 N·mm-2, respectively. 
Elongation at break values tended to increase with 
collection time; vice versa, modulus 200 tended to decrease. 
The average of elongation at break of C20, C60, and C300 was 
495.00%, 574.17%, and 658.33%, respectively, while the 
modulus 200 was 1.35%, 1.27%, and 1.04%, respectively.

All physical parameters did not show any significant 
difference between samples except the hardness. Results 
indicate that collection time did not affect compounds’ 
physical properties. This study used latex from the same 
trees and exploited identical preparation procedures; 
therefore, it  is suggested that all samples have a similar 
rubber structure. Multiple conducted studies (Hidayoko 
and Wulandra, 2014; Purbaya and Suwardin, 2017) suggest 
that the coagulating process and reinforcement materials 
(Al-Nesrawy et al., 2014) play determinative role in final 
compound properties.

Conclusion
The total solid content of latex tended to decline along with 
the collection time period. Therefore, for products requiring 
high dry rubber content, it is recommended to separate 
late latex collection from the main latex collection. Latex 

Table 2 Technical properties of the compounds from different latex collection

Compound Wallace initial plasticity 
(P0) (%)

Plasticity retention index 
(PRI) (%)

Mooney viscosity (VR) 
(ML (1 + 4) 100 °C)

C20 52.33 ±12.50 a 27.00 ±1.73 a 91.70 ±1.15 a

C60 54.00 ±7.94 a  27.00 ±10.54 ab 93.00 ±2.95 a

C300 51.33 ±6.39 a 41.67 ±12.66 b 90.20 ±3.80 a

p = 0.9396 p = 0.0289 p = 0.5232

Different letters in the same column indicate significant difference based on Tukey’s comparison (α = 0.05); ± indicate standard deviation
C20 – Compound from latex collected 20 minutes after tapping; C60 – Compound from latex collected 60 minutes after tapping; C300 – Compound 
from latex collected 300 minutes after tapping (late collection)

Table 3 Physical characteristics of the vulcanizes

Compounds Maximum torque 
modulus Smax (N·mm-2)

Minimum torque 
modulus Smin (N·mm-2)

Delta Smax – Smin 
(N·mm-2)

Scorch time ts2 
(minutes)

Optimum cure 
time t90 (minutes)

C20 6.42 0.92 5.50 0.52 1.35

C60 7.09 0.82 6.27 0.48 1.37

C300 6.39 0.74 5.65 0.51 1.40

Table 4 Technical properties of the compounds from different latex collection

Compound Hardness (Shore A) Tensile strength 
(N·mm-2)

Tear strength 
(N·mm-2)

Modulus 200 
(N·mm-2)

Elongation at break 
(%)

C20 43.00 ±3.00 a  8.49 ±7.67 a 33.34 ±2.66 a 1.35 ±0.29 a 495.00 ±226.43 a

C60 42.00 ±2.00 ab 14.45 ±7.88 a 36.71 ±6.68 a 1.27 ±0.15 a 574.17 ±212.23 a

C300 35.67 ±3.21 b 11.95 ±4.14 a 30.07 ±3.47 a 1.04 ±0.06 a 658.33 ±73.16 a

p = 0.036 p = 0.649 p = 0.285 p = 0.205 p = 0.583

Different letters in the same column indicate significant difference based on Tukey’s comparison (α = 0.05); + indicate standard deviation
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collection period did not affect the technical and physical 
compound properties. It is suggested that not the collection 
time, but rather other factors, such as coagulating process 
and reinforcement material, determine the compound 
quality.
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