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Abstract: This research was a study of the effect of addition linear alkylbenzene sulfonates (LAS),
NaHCOs, and NaCl and pasteurization on the preservation of natural rubber (NR). The samples
were collected from rubber plantations of Chiang Rai province which were added with three sur-
factants in samples already. Physical and chemical properties were evaluated using pH, deteriora-
tion, viscosity, color, and odor. Then, the samples were stored at 28-30°C periods times of 0, 15, 30,
45, and 60 days. The experiment found that the color, viscosity, odor, and texture of NR samples
were not spoiled after being preserved for 30 days but after 45 and 60 days found some coagulation
of NR. In the case of non-preserved NR was found that spoiled NR in every period time range of
15-60 days. The pH testing found that increasing period times affect decreased pH value and in-
creased viscosity due to salt of sulfate, carbonate, chloride, and thermal treatment of pasteurization
which kill microorganisms and evaporated water. It concluded that the reagents were the process
of cosurfactants with heat and frozen for increased effectiveness of anti-acid-producing bacteria and
can use as short and long-term preservation of NR under the planting area condition of Thailand.
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1. Introduction

Natural rubber (NR) derived from Hevea brasiliensis tree is a spontaneous colloid.
The rubber particles dispersed in the liquid phase which is water. Rubber is an organic
substance and after exposure to air. It will rot rapidly within 5-10 days [1,2]. The NR mol-
ecules break down into useless molecules. Rubber farmers have to rush to trade and re-
ceive with unfair prices. Because of the microorganism or bacteria that live in the air in
the general. When the bacteria are contaminated with fresh NR and grow with the con-
sumption of carbohydrates and proteins that make up the rubber composition. It then
divides in multiples within approximately 20 minutes [3,4]. The obtained waste from con-
suming carbohydrates in rubber is small acid molecules that destroy the rubber content.
The wastes derive from the consumption of protein inside NR become spoiled gas which
produces a strong foul odor. At present, preservation of NR for processing into concen-
trated NR. It is the preservation of NR in a short time by using an ammonia solution range
concentration of 0.1-0.4 wt% [5,6]. Other substances may together use such as sodium sul-
fite, potassium hypochlorite, aromatic sulfonic acid, etc. In previous study, advantages of
ammonia were [7] (1) inhibited the growth of bacteria. (2) the alkalinity of ammonia pro-
moted the precipitation of rubber particles (3) could destroy the reactivity of metals such

© 2021 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202109.0107.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 September 2021 doi:10.20944/preprints202109.0107.v1

as magnesium in NR (4) did not cause coloring in NR but had disadvantages [8,9] were
(1) volatile (2) the pungent smell was very strong and toxic to the user (3) evaporated into
the atmosphere to cause environmental pollution (4) used in large amounts and must be
used in conjunction with other substances make more expensive, so food preservation
techniques and surfactants can adapt by slowing down or inhibiting natural rubber dete-
rioration and microbial growth easy and environmentally friendly directly inactivating
bacteria, yeast, enzymes, avoiding recontamination before and after processing [10].

Surfactants have a mechanism of action by adhering to the bacterial cell membrane
and disrupting the structure of the cell membrane, causing the cell wall to leak. It is water-
soluble and fat by precipitates in hard water. Surfactant molecules are composed of highly
polar and non-polar parts together in a single molecule, called an amphiphilic molecule,
like a phospholipid, which is the main component of cell membranes, thus destroying the
function of the membrane. Cells got the non-polar of the molecule is usually straight-chain
of hydrocarbons, branched, or may have a benzene loop, composed of a lipophilic side or
polyether cord with oxygen at intervals to increase the hydrophobicity of the non-polar
side [11]. The polar side of the molecule has many characteristics such as anionic surfac-
tants and positively charged surfactants. Anionic surfactants are most commonly used as
carboxylate, sulfonate, sulfate, or phosphate. Polar portions with cations of sodium or po-
tassium or ammonium anionic surfactants usually have a pH of 8 to 10 that can cause skin
irritation [12]. They are often used in conjunction with other anti-infective agents to en-
hance their action, such as stearate, lauryl sulfate, dodecylbenzene sulfonate, and cationic
surfactant that can kill bacteria, both gram-positive and gram-negative. In addition, so-
dium bicarbonate has properties as a surfactant that changes its structure and inhibits the
activity of microbial enzymes as well as detergents [13]. The addition of substances was
increasing the osmotic pressure of substances such as salt to reduce the rate of water trans-
mission between cells or increase the concentration of water in the cell as a solute in a
solution that can inhibit microorganisms. The nature of the addition of solute into NR
effects to the potential for growing bacteria. Ionic solutes such as NaCl or KCl are more
inhibitors than non-ionic solutes such as sugars. Solute such as glycerol is different form
unlike the salts and sugars which will rapidly permeate most bacteria but not yeast. [14].
Heat and frozen are the most commonly used method of food preservation. There is a
various method of preservation by heating and freeze that depend on the type of materi-
als. They manufactured in the terms of pasteurization and sterilization. However, for the
effective, these processes must be carried out under a combination of strict temperature
and time control to ensure the killing of pathogenic and non-pathogenic microorganisms
[15,16].

This research will study the effects of the combined method for preserved NR use of
co-surfactants and pasteurization process for the development of preservation of NR for
distribution and processing into rubber products with a method that is easy, cheap, non-
toxic, and uncomplicated but can maintain the quality of NR.

2. Materials and Methods

2.1 Materials

The fresh natural rubber (NR) was obtained from Chiang Rai. NR was preserved with
the surfactant of a mixture of Linear alkylbenzene sulfonates (LAS) (powder detergent)
purchased from Macro Co. Ltd., sodium bicarbonate powder (NaHCOs) was from Sigma-
Aldrich and sodium chloride powder (NaCl) were from Sigma-Aldrich at the constant
ratio of 1:1:1 that dissolved in 100 ml of distilled water at room temperature, stirred for 30
minutes. The obtained solution was prepared as 20% v/v of NR and this solution was
placed at the bottom of the storage cup before collection from tapping the rubber tree after
2 hours later until NR flows into the cup. The obtained fresh NR mixed with the mixture
solution that has been poured into the container. Then it was frozen below 4°C for 4 hours.
After that NR was heated to 80°C for 30 minutes. The preserved natural rubber sealed in
air tight container for prevent aeration. Finally, they were kept at a temperature of 4°C
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and characteristics such as pH, viscosity, deterioration, odor, and color during the period
0, 15, 30, 45, and 60 days respectively.

2.2 Characterizations and Analysis

Characterization of NR were included pH testers (pH Tester Spear, Oakton 35634-40,
Singapore) could be explained on the stability of NR. Viscosity of NR (DV-III+, Brookfield,
USA) could be explained on flow behavior of NR. Physical observed such as deterioration,
odor, and color.

3. Results and Discussion

Fig. 1 illustrates that the natural rubber tapping from the rubber tree has a milky
white color and pH value approximately 6.398 (Fig. 2). The behavior of fluids was a non-
Newtonian formed by dispersed rubber particles of different sizes. It is a colloidal state in
the solvent (Fig. 3). The flow behavior of the non-homogeneous substance and the fluid
undergoes shear stress which it can flow well. The research aimed to preserve the condi-
tion of NR from spoilage by developing and improving the process of preservation with
a non-ammonia solution which causes bad odor and air pollution to the environment is
alternative by nontoxic substances to humans and the environment. While most previous
research, it was found that if ammonia content was lower than 0.05% by weight, bacteria
growth rate was higher since latex has a pH increased from 6.398 to 8, making it suitable
for the growth of bacteria. Therefore, general research requires a higher than 0.1% ammo-
nia content [17].

L

Figure 1. NR (Before preserved). Figure 2. pH of NR. Figure 3. Viscosity of NR.

Increasing the ammonia content in NR could decrease the bacterial growth in the
fresh latex. Nonetheless, ammonia has the disadvantages as mentioned above. Therefore,
this research found that the addition of LAS with NaHCOs, and NaCl to adjust the pH
above 8 until the pH was 14 at the initial time. The results showed that the viscosity of
fresh latex had a viscosity of approximately 12-15 cP [18] and the preserved NR had vis-
cosity higher than non-preserved as 603%. This indicated that the viscosity of the pro-
cessing of preserved NR was significantly higher than non-preserved NR and had a vis-
cosity in the range of 80-100 cP [19]. However, the effect of the increase viscosity may be
cause by the addition of salts of three different surfactants and the process of cool and
heat treatment. One of the reasons the increase viscosity may be cause the amount of dis-
solve surfactant and suspend coexisting with the rubber particles which contains the salts
of the sulfate, carbonates, and chlorides group. The functional groups of the three sub-
stances bind with the poly-isoprene of rubber chains and the pasteurization to kill bacteria
and control the temperature has results in the water evaporation from the molecular struc-
ture of the latex. This process causes water to evaporate from the molecular structure of
the latex to a higher viscosity. Therefore, natural rubber was able to sustain a longer shelf
life and found that periods over 15, 30, 45 and 60 days, the pH decreased to 12, 11, 10 and
9, respectively (Table 1).
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Table 1. Properties of preserved NR with co-surfactant and pasteurization by before and after preservation under different preser-
vation period.

Preservation PH Viscosity
. Color Deterioration Odor
period
(Days) i
Before After Before  After Before  After Before After Before After
0 6.398 14 12-15 90 White White None None None  None
15 6.398 12 Spoiled 95 Light White Gelation None Foul  None
brown
. Light .
30 6.398 11 Spoiled 97 brown White  Flocculated None Foul  None
45 6.398 10 Spoiled 100  Black White  Coagulated  None Foul  None
60 6.398 9 Spoiled 105 Black White Coagulated Some Foul  None
coagulated

i

Figure 5. Preserved NR for 15 days.

Figure 6. Preserved NR for 30 days (arrow). Figure 7. Preserved NR for 45 days.

i
/068 <

Figure 8. Preserved NR for 60 days.
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As the rubber particles begin the deterioration of their colloidal. However, the other
physical appearance compared with unpreserved NR such as color, deterioration and
odor. This result found that preserved NR that stabilized and unchanged color (Fig. 8)
until 60 days, no foul odor and no coagulation after 30 days (Fig. 6), but some coagulation
begins due to the separation of the concentrate latex layer, separating the floating layer on
top of total NR layer for 45 and 60 days (Fig. 7 and 8), while the non-preserved NR change
color from white to light brown and gelation (Fig. 4) because of spoilage, foul odor, and
eventually black due to growing fungi and rubber coagulation. Small pellets until they
become larger due to the deterioration and growth of bacteria.

Moreover, antibiotic resistant bacteria have been observed by monitoring of bacteria
growth show in Fig. 9. After 30 days ago, the preserved NR and non-preserved were swap
on algae disk, the result of bacterial culture show total plate count of preserved NR was
below 1.0 colony forming units per milliliter (cfu/ml). It can be indicated that the pre-
served solution which prepared from LAS with NaHCOs, and NaCl has effective to anti-
biotic resistant. Fig.10 show the antibiotic sensitivity test to find out the effective antibiotic
resistant of samples solution. Bacteria are not able to grow around the sample of preserve
solution, it relates to the result of Fig. 9.

(a) (b)

Figure 9. Comparison of the growth of bacteria in; (a) preserved NR and (b) non-preserved after
stored 30 days.

Figure 10. The antibiotic sensitivity test; (a) fresh NR, (b) preserved NR and (c) non-preserved NR.

4. Conclusions
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This research found that the combination of aluminum sulfate with sodium bicar-
bonate and sodium chloride in the same weight ratio for all 3 types to preserved NR in
the cosurfactant with pasteurization process. The frozen temperature was below 4°C for 4
hours and heated to 80°C for 30 minutes. It was found that sufficient to preserve the nat-
ural latex for up to 60 days and was effective in reducing the acidity of NR by alkalinity
of surfactant. The results derived in the present study suggest that this process presented
here is an alternative route and practical model for development of preserved NR used as
a short and long term.
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