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 Background: Sustainable development and green manufacturing can be achieved by a 
proper management of waste. In this present work, the utilization of industrial natural 
rubber wastewater that is rich in BOD and COD for production of bioprotein and 
protease enzyme by Aspergillus oryzae was done. This non-pathogenic fungus was 
incubated in 50% (v/v) of the liquid waste as a sole media for 4 days. Maximum 
bioprotein yield was 6.4 g/l after 36 hours of incubation while 0.3012 U/mg of protease 
were purified by using DEAE-Sepharose column chromatography with 17.16 
purification fold of 0.30116 Unit/mg and was visualized at 19.5 kDa and lower than 7 
kDa on SDS-PAGE. 
 

 
© 2015 AENSI Publisher All rights reserved. 

To Cite This Article: Nurul Ain Harmiza Abdullah, Nor Amirra Abu Nayan, Nor Helya Iman Kamaludin, Fahrurrazi Tompang, Azlina 
Harun@Kamaruddin., Bioconversion of Natural Rubber Processing Effluent for Bioprotein and Protease Production by Aspergillus oryzae. 
Adv. Environ. Biol., 9(19), 71-76, 2015 

 
INTRODUCTION 

 
 Thailand, Indonesia and Malaysia are the major producers of natural rubber which contributes up to 70% of 
rubber in global market. In Malaysia, about 90% of the rubber production is meant for the international export 
while the remaining amount is exploited by local manufacturers [1].  
 The natural rubber processing factories usually produce large quantities of wastewater containing high 
concentration of organic matter, suspended solids and nitrogen, high gaseous and liquid effluent which could 
severely damage the environment if not properly discharged [2]. An average of 45 000 litres of effluent is 
discharged from every 20 – 30 million tonnes of rubber per rubber factory daily [3]. 
 The wastewater comprises of non-homogeneous skim latex and homogeneous skim latex serum (SLS). The 
major non-rubber component of SLS is the target area to be utilized for value-added product and thus would 
create a non-zero discharge scenario in the rubber processing industry. The serum comprises of numerous non-
rubber materials such as minerals, carbohydrates, proteins, lipids, microorganisms and water [4]. Table 1 shows 
the composition of non-rubber materials consist in the SLS. 
 
Table 1: Composition of non-rubber materials in SLS [3]. 

Component Amount (%w/w of serum) 

Inositols 2.38 

Proteins 1.10 

Sugars 0.40 

Free amino acid 0.13 

Ascorbic acid 0.03 

Nitrogeneous bases 0.06 

Glutathione 0.02 

 
 Fungi can utilize some useful biochemical content of the effluent itself for their growth. All of these 
components in Table 1 could be a potential growth media for fungi. Therefore, based on their easily grown 
characteristics, Aspergillus oryzae was selected for this study. This fungus has been genomically well 
characterized and declared as GRAS microorganism since it lack expressed sequence tags for production of 
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aflatoxin. The growth of Aspergillus oryzae in the SLS for bioprotein production has been a novelty case since 
up until now no such work has been done. Fungal bioprotein nowadays become one of the most promising 
breakthroughs of bioprocess innovations that can be produced using a number of different substrates from low 
carbon cost, high energy source and agricultural wastes [5]. This will certainly increase the availability of 
affordable quality proteins but also can reduce dependence on animal proteins. 

 The attempt to convert the effluent for protease production is basically because there is a soaring demand of 

protease world-wide and due to its high economic value [6]. Protease could be extracted from plant, animal and 

microbial [7]. Nevertheless, for commercial purpose, protease is produced exclusively from microorganism due 

to economic advantage [8]. Ever since fungal has wide biochemical diversity, thus proteases are mostly derived 

extracellularly from fungal origins compared to bacteria [9]. Moreover, proteases can easily be extracted and 

separated from mycelium [10]. Machida et al. claimed that Aspergillus oryzae is a major producer for protease 

due to its molecular history [11].  Researchers such as Yin et al. [12] and Vishwanatha et al. [13] did utilize 

Aspergillus oryzae for protease production in their studies. 

 Thus the present work attempts to utilize the wasteful natural rubber effluent through bioconversion of the 

wastewater into useful products such as bioprotein and protease enzyme which ultimately could maximize the 

revenue of rubber industry and leading to a zero-discharge scenario. 

 

MATERIALS AND METHODS 

 

Sample Collection and Media Preparation: 

 The skim latex waste was collected from a latex concentrate rubber factory in Kedah (Malaysia). The skim 

latex rubber particles were coagulated with 5% (v/v) sulfuric acid and further centrifuged to remove the 

coagulated latex which results in yellowish serum solution known as the skim latex serum (SLS). This serum 

was then pooled into a batch volume and stored at 4
o
C prior for further use. 

 

Subculture and Inoculum Preparation: 

 Aspergillus oryzae (ATCC 10124) were obtained from culture collection of Microbiology Lab, Faculty of 

Chemical Engineering Technology (UniMAP). They were maintained on 3.9% (w/v) of potato dextrose agar 

(PDA) and sub-cultured for three days at 30°C in an incubator. Fungal inoculum was prepared by washing the 

growing culture on four PDA plates with 25 ml of sterile distilled water. The spore suspensions were rubbed 

prior to filter using filter paper Whatman
TM

 no.1 into a 250 mL flask. The spores were counted with a 

hemocytometer to maintain the concentration of 2.8 x107cells /mL. 

 

Fungal Growth Profile in Skim Latex Serum (SLS): 

 A 50% (v/v) concentration of SLS was prepared by diluting the SLS with distilled water adjusted to pH 

5±0.1. All experiments were conducted in triplicate by incubating at (30±0.5) 
o
C and 150 rpm with 5% (v/v) 

inoculum. The incubation period was done in 4 days. 

 

Fungal Biomass Yield Determination: 

 Fungal biomass analysis was monitored through the direct method of dry weight [14] where the biomass 

was filtered and dried in an oven at 50-60
o
C for 24 hours before cooling in desiccator and weighed. The filtrate 

was recovered for further purification and analyses. 

 

Determination of Total Sugar: 

 Total sugar was measured according to Miller [15] with glucose as a standard. 

 

Concentration and Fractionization: 

 The filtrate from the fermentation broth was freeze dried in order to concentrate its protein content. The 

dried sample was re-dissolved in Tris-HCl buffer with 80% volume reduction of the initial volume. After that, 

the re-dissolved sample was dialyzed in 0.015 M Tris-HCl buffer at pH 8 by using dialysis tubing with 10 000 

Molecular Weight Cut Off (MWCO). A total volume of 10 ml of re-dissolved sample was poured into 15 cm 

Pierce SnakeSkin
TM 

pleated dialysis tubing. The buffer was changed at least twice, allowing 4 to 6 hours 

between changes. 

 

Purification of Protease by Ion Exchange Column Chromatography (IEC): 

 A 1 ml column of HiTrap DEAE-Sepharose Fast Flow was used in this work attached to Akta Purifier
TM

 

FPLC system (GE Healthcare). Running buffer of 0.015M Tris-HCl at pH 8 and elution buffer of 0.015M Tris-

HCl with 1 M NaCl were used. The concentrations of the samples eluted were monitored on a spectrometer by 

UV absorbance at 280 nm that installed in the system.  
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Partial Characterization of Purified Protease: 

 The characterization of purified protease was done by SDS-Page of 15% (w/v) acrylamide in gels as 

described by Leammli [16], protease assay following Kole et al. [17], and protein assay according to the 

Bradford method [18]. 

 

Results: 

Growth-Product Profile of Aspergillus oryzae in Skim Latex Serum: 

 Figure 1 illustrates the growth-product profile of Aspergillus oryzae in 50% (v/v) SLS media at 12 hour 

interval time. The bioprotein yield (YX/S) and protease yield (YP/S) were 0.3010 g/g and 0.00150 U/ml.g 

respectively. Maximum bioprotein yield was 6.4 g/l at 36 h of incubation time. The net specific growth rate (µ) 

was 0.0467 h
-1

 while the doubling time (td) was 14.84 h. 

 

 
 

Fig. 1: Bioprotein concentration, reducing sugars, and protease profiles of Aspergillus oryzae in SLS. 

Temperature, agitation speed, initial pH, serum and inoculum concentrations were adjusted to 30 °C, 

150 rpm, 5.0±0.1, 50 % and 5 % respectively.  

 

Chromatogram Output Analysis: 

 Figure 2 illustrates the chromatogram of IEC from Akta Purifier
TM

 FPLC system. Once the sample was 

injected into the DEAE-Sepharose FF column, the unbound protein was washed with 4 column volumes (CV). 

Meanwhile the bound proteins were eluted by 20 CV gradient elution of 7.3% (v/v) of 1M NaCl. The eluted 

samples were collected 0.5 ml for each fraction. The total area of the bound protein peak was 678.288 mAu*min 

with maximum absorbance of 98.550 mAu at 280 nm.  

 

 
 

Fig. 2: FPLC chromatogram output from DEAE Sepharose Fast Flow of ion exchange chromatography step. 

Unbound protein were eluted with 15 mM Tris-HCl, pH 8 (unbound protein peak), Bound protein were 

eluted with 7.3% of 1 M NaCl in the same running buffer (bound protein peak between fraction 6 and 

14; flow rate 1 ml/min; fraction volume 0.5 ml. The total bound protein was 678.288 mAu*min with 

98.550 mAu of absorbance at 280 nm. 

 

Purification Table: 

 According to Table 2, the purity of the protease after purification by IEC is the highest with specific activity 

of 0.30116 Unit/mg which suggest that the purification method used was efficient.  The purity of protease in the 

sample after IEC increased 17.16 times compare to the crude sample.  

 

Molecular Characterization of Partially Purified Protease: 

 The purified protease form the IEC was subjected into molecular characterization. Figure 3 displays the 

protein bands that appear on gel after silver staining. Proteins were abundantly observed at lower than 30 kDa 

molecular weight. After IEC, two bands of protein were clearly seen at 20 kDa and lower than 7 kDa molecular 

weights. In comparison, the protein band of Aspergillus oryzae in SLS was not similar to the commercial 
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protease from Aspergillus oryzae (SIGMA P6110) except for the smallest protein band. Based on a plot of linear 

logarithmic of relative molecular weight against the Rf, the protease purified from Aspergillus oryzae in SLS 

was estimated as 19.5 kDa. 

 
Table 2. Purification table of protease produced by A. oryzae in SLS media. 

Stage 
Volume 

(ml) 

Enzyme 

Activity 

(U/ml) 

Protein 

Content 

(mg/ml) 

Total 

Enzyme 
Activity 

(Unit) 

Total 

Proteinn 
Content 

(mg) 

Specific 

Activity 

(Unit/mg) 

Purification 
Fold 

Yield (%) 

Crude 200 
0.0657 ± 

0.006 

3.746 ± 

0.005 
13.140 749.18 0.0175 1 100.00 

Freeze 

dried 
40 

0.1953 ± 

0.015 

23.541± 

0.017 
7.812 941.62 0.0083 0.473 59.45 

Dialysis 52 
0.1255 ± 

0.023 

23.062 ± 

0.010 
6.526 1199.23 0.0054 0.310 49.67 

IEC 58.5 
0.0741 ± 

0.006 

0.246 ± 

0.009 
4.332 14.38 0.3012 17.161 32.96 

 

 
 

Fig. 3. Analysis of protein sample after each purification step on 12% SDS-PAGE; Molecular weight marker 

kDa (Lane 1), unbound protein sample after IEC (Lane 3), bound protein sample after IEC (Lane 5), 

dialyzed protein sample (Lane 7), and 5 Unit /ml commercialized protease from Aspergillus oryzae 

(SIGMA P6110) (Lane 9). 

 

Discussion: 

Growth-Product Profile of Aspergillus oryzae in Skim Latex Serum: 

 Based on figure 1, the lag phase of Aspergillus oryzae in SLS was shorter than in cassava processing 

effluent [19]. Shuler and Kargi stated that the short lag phase is caused by high concentration of some nutrient 

or growth factor needed by the microorganism [20]. Based on this figure, protease was seen to be produced as 

primary metabolites during the lag phase. The exponential phase was approached early at first 12 hours and 

extended over 36 hours. During the exponential phase, the growth rates of cells are independent of nutrient 

concentration due to hefty nutrient concentration in this phase [20]. As the nutrient or substrate concentration 

increased, the growth of Aspergillus oryzae increases. [21]. The specific growth activity of Aspergillus oryzae in 

media that utilize commercialized glucose as growth-limiting nutrients is reported to be 0.06 h
-1

 [22] while the 

specific growth of Aspergillus oryzae in oat spelt xylan waste is 0.39 h
-1

 [24]. However, the specific growth 

activity of Aspergillus oryzae in the present work was much lower than those works which could be due to the 

limiting nutrient source (reducing sugars) for the fungal growth in SLS media which already diminished once 

the maximum growth is achieved at 36 hours.  

 

Chromatogram Output Analysis: 

 From the chromatogram output, it can be clearly seen that the peak for bound protein is higher than 

unbound protein and the two peaks were completely separated. This shows that the separation is appropriate. In 

addition, the negatively charged proteins bound to DEAE-Sepharose column were preferable to be eluted with 

low concentration of NaCl which at 7.3% (v/v) of 1M NaCl. 

 

Characterization of Partially Purified Protease: 

 The yield of total protease activity recovered decreases at every step of purification from 100% to 32.96% 

which was due to loss of total volume of the sample recovered as the purity of the protease increased. The high 

purification fold of 17.16 times proves that the IEC step is a worthwhile step in purification of protease by 

Aspergillus oryzae that grows in SLS media. The partially purified protease from Aspergillus oryzae in SLS by 

using DEAE-Sepharose were estimated as 19.5 kDa and lower than 7 kDa. 
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Conclusion: 

 Results from this study suggest that the Aspergillus oryzae is one of the potential non-pathogenic fungal 

strains suitable for the bioconversion of the wasteful skim latex serum into value-added products such as fungal 

bioprotein (6.4 g/l) and protease enzyme (0.3012 U/mg). Thus would create a zero-discharge scenario in the 

natural rubber processing industry and increasing their revenue from these products. Indirectly, this work could 

initiate a great effort to explore the wide potential of this abundantly wasteful skim latex serum. 
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