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Abstract: Tofu is one of the most general foods consumed by Indonesian, but much wastewater 

are produced in the process of making this delicate food. This study aims to find the effectiveness of 
coagulation-flocculation process and membrane processes, especially ultrafiltration (UF) and reverse 
osmosis (RO) membrane, to treat tofu wastewater. The coagulant agent used is alum which has been 
tested to find its optimum dosage. The initial measurement of tofu wastewater had TSS, turbidity, 
COD and TDS ranging from 880 - 1009 mg/L, 901 - 1131 FAU, 5981 - 6525 mg/L and 2220 - 2640 
mg/L, respectively, while the pH in the ranges of 4.0 to 4.2. The optimal dose of coagulant based on 
the experiments was 300 ppm. In the UF process, the concentration of all parameters except COD of 
produced water have already met the national standard. Furthermore, in the RO process, the produced 
water has already met the requirement of national standard for discharged water. 
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1.  Introduction   

Indonesia is a big country with a big amount of soybean 
consumption. Indonesia is one of the largest soybean 
consumers in the world, around 90% of which is used as 
an ingredient of soy bean cake and tofu. Tofu is a solid 
food, which made from the extraction of soybean, 
produced through sedimentation process of its protein 1, 2). 
Due to the demand increase, the amount of tofu industries 
also growing in these recent years, especially, 1.41% 
growth in 2013 3).  

Tofu is created through complex process with addition 
of many chemical compounds. In the process of making 
tofu, the wastewater is generated that comes out of 
soybean curd  will be an environmental problem if 
disposed of directly because it will deteriorate very 
quickly due to the high water content and nutrients for 
bacterial growth 4). In generally, tofu wastewater have 
BOD (Biological Oxygen Demand) and COD (Chemical 
Oxygen Demand) around 6000 - 8000 mg/L and 7,500 – 
26,000 mg/L, respectively 1, 5). Meanwhile, waste 
quality standards from the soybean processing 
industry, according to the Ministry of 
Environment, are 150 mg /L, 275 mg/ L, 100 mg/L 
and 6 - 9 for BOD, COD, TSS and pH, respectively 
6, 7). Therefore, protecting the environment is very 
important to minimize the negative impacts of tofu 
wastewater 8). 

Several studies have been done to utilize wastewater 
from tofu industry to make products such as vitamin B12 

9-11), bio-ethanol 12) and cultivation of micro algae 13, 14). 
Several efforts have been conducted to treat tofu waste 
water via anaerobic processes in the fixed dome anaerobic 
and anaerobic baffled reactor 15) and the combination of  
anaerobic baffled and activated sludge system. However, 
the methods take more time which is about 12 to 78 days 
16). The ozone method has also been conducted, in which 
the wastewater was diluted before being processed 17, 18). 
This study proposed to treat the tofu wastewater via a 
combination of coagulation-flocculation and ultra 
filtration (UF) membrane separation processes so as the 
produced water meets the requirement of government 
regulation. The UF is chosen as the process is simple, 
energy efficient, and environmentally friendly 19).  

  
2.  Materials and Methods 

This study uses a practical approach by using 
wastewater from a tofu industry in Lenteng Agung, 
Jakarta. The tofu wastewater is mixed with NaOH to 
adjust the pH to 7, in order to achieve the best condition 
of coagulation and flocculation process, also to achieve 
the safety standard of tofu wastewater in Indonesia. The 
coagulant agent used in this study is alum, which has 
known to be one of the most popular coagulant-agent and 
has the advantageous of the wide range of spread in 
operational pH. The amount of alum used is 300 ppm, or 
every 500ml wastewater, 3ml of solution containing 5% 
alum is used. The experiment was started by the process 
of flocculation-coagulation in Jar Test VELP JLT-6 at a 
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speed of 120 rpm for 2 minutes and continued at a speed 
of 40 rpm for 10 minutes. The flocculation-coagulation 
process solution is then allowed to stand for half an hour 
before filtering using qualitative filter paper, where the 
filtrate was then processed in a membrane system. 
Polypropylene hollow-fiber membrane is used to perform 
the first stage of cleansing, and reverse osmosis membrane 
to perform the final stage filtration. The all observed 
parameters of the wastewater were measured before and 
after the coagulation-flocculation process and after the UF 
process. TSS and turbidity, pH and COD were measured 
using Colorimeter DR/890, Hanna Combo pH and EC, 
and UV beam UV-MS1 Single Beam Spectrophotometer.  

Rejection rate, R, in the membrane processes for all 
observed parameters from the experiments can be 
calculated by: 

 𝑅 ൌ
஼೔ି஼೑
஼೔

      (1) 

where, Ci and Cf are initial and final concentration of 
the observed parameters, respectively. Meanwhile, the 
membrane flux, J, can be calculated by: 

 

𝐽 ൌ
ொ

஺೘
       (2) 

where, Q and Am are permeate flow rate and surface area 
of the membrane, respectively. 

 
3.  Results and Discussion 

The main goal of the tofu wastewater treatment in the 
study is to produce water which has parameter meet the 
requirement of the environmental quality standard based 
on Ministry of Environment Regulation No. 5 Year 2014 
7). Due to the big excess of several parameters which has 
been stated by Indonesia’s regulation, it can be concluded 
that the wastewater is harmful for environment. The tofu 
wastewater can pollute environment if it’s being 
discharged directly to the water environment. Table 1 
shows the characteristic of tofu waste water used in the 
experiment.  

 
Table 1. Tofu wastewater characteristics 

Observed 
Parameters 

Concentration 
range 

Government 
Regulation 6)

pH 3.8-4.0 6.0-9.0 

TDS (mg/L) 850-880 2000 

TSS (mg/L) 380-420 100 

Turbidity (FAU) 450-530 25 

COD (mg/L) 
BOD (mg/L) 

5600-6600 
4655 

275 
150 

 
The coagulant dose has a great influence on the 

effectiveness of the observed parameters reduction. TSS 
and turbidity are parameters that can be used as a reference 
in determining the efficiency of the coagulation process 20). 

In plain view, the process can be observed with the 
formation of a white macroflock at the bottom of the 
solution after a process of settling for half an hour, and 
certainly produces a clearer solution than before. The 
measurement of TSS does not take place immediately 
after the jar test process, but rather after the filtering 
process using filter paper, with the aim of ensuring that the 
macroflock that are formed do not carry over into the 
subsequent process. This is important due to the presence 
of suspended solids in the solution can accelerate the 
process of fouling of the membrane in the UF process, 
which can shorten the life of the membrane. Figure 1 
shows the reduction of TSS parameter and rejection rate 
at various coagulant dosage. In the coagulant range of 100 
ppm to 800 ppm with 100 ppm increment, the results of 
TSS reduction were from 78% - 84%. The highest 
reduction achieved was 84% at 300 ppm dosage of 
coagulant.  At the optimum condition, the suspended 
solid will be destabilized maximally so that the 
coagulation process can proceed effectively 1). The 
increase in TSS reduction efficiency with increasing 
coagulant doses is due to the increased concentration of 
metal ions available to neutralize negatively charged 
organic particles and form flocs 21). While a decrease in 
the efficiency of coagulation with increasing coagulant 
doses is associated with an increase in the zeta potential 
of surface colloids and retained particles 22). 

The treated wastewater at the optimum coagulation-
flocculation process was then used for the membrane 
process to the most effective trans-membrane-pressure 
(TMP) in the membrane processes. Figure 2 shows results 
of TSS, turbidity and pH of water produced in the UF 
process as a function of the TMP. The TSS and turbidity 
reductions decreases with increasing the TMP due to 
higher driving force in the UF process so that more 
suspended solids can pass through the UF membrane 23, 24). 
Meanwhile, the pH of produced water from the UF 
process is relatively constants as shown in Fig. 2. The best 
TSS and turbidity from the UF process were 31 mg/L and 
29 FAU and were achieved at TMP of 1 bar, while the pH 
was around 6.9. It is indicated that the TSS, turbidity and 
pH of the water produced from the UF process have meet 
the requirement of government regulation. 

 
Fig. 1: Reduction of TSS as a function of alum dosage. 
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The TDS and COD rejections in the UF process also 
have similar trend with TSS and turbidity where the TDS 
and COD increase with increasing TMP due to more 
driving force for the dissolved solid and organic matter 
can penetrate the UF membrane pores as presented in Fig. 
3 25). The lowest TDS and COD concentrations and 
reductions from the UF process were 1310 mg/L and 4385 
mg/L and 41.3% and 40.8%, respectively, and were 
achieved at TMP of 1 bar. It reveals that the TDS of water 
produced in the UF process has meet the requirement of 
government regulation, while the COD still far above the 
regulation.  

 

 
Fig. 2: TSS, turbidity and pH of water produced in the UF 

process. 
 

 
Fig. 3: TDS and COD of water produced in the UF process. 

 
Figure 4 shows the concentrations of all parameter 

observed in the water produced from the RO process. The 
feed water for RO process was taken from the best result 
in the UF process, which was water produced at the TMP 
of 1 bar. The increase in TMP in the RO process does not 
affect the ability of membrane to reduce TSS and turbidity 
of tofu wastewater. This is due to the membrane's ability 
far above the specifications needed to remove suspended 
solids and turbidity in the wastewater solution. Although 
the TMP is increased from 4 to 6 bar, the particle is not 
passed through the membrane as the particle size is much 
larger than the membrane pore size, indicating that the 

reverse osmosis membrane has a perfect level of 
effectiveness in removing the particles that cause TSS and 
turbidity. As presented in Fig. 4, the TSS and turbidity of 
the wastewater can be completely remove in the RO 
process, while the pH of water slightly decreases with 
TMP. Meanwhile, the TDS and the COD concentration 
decrease with increasing the TMP in the RO process, 
indicating that the RO membrane still can withstand the 
suspended solids and organic materials in the feed water 
at higher TMP applied in the experiments. The best 
rejection for TSS, turbidity, TDS and COD from the RO 
process were 100%, 100%, 99.89% and 99.86%, 
respectively. The similar result also reported by Liu et al., 
where the COD of wastewater from textile effluent can be 
reduced to about 99.2% using RO membrane 26). The 
remain concentration of TDS and COD from the RO were 
2 mg/L and 9 mg/L, respectively, which have already met 
the requirement of the Government Regulation for 
Environmental Quality Standard. The previous study, 
which only used UF process still contain COD higher than 
the government regulation 8). The results of the all 
parameter observed in the study from the UF and RO 
processes were tabulated in Table 2. 

 

 
Fig. 4: TSS, turbidity, TDS, COD and pH of water 

produced in the RO process. 

 

 

 

 

Table 2. The characteristics of tofu wastewater 

Parameter Government 
Regulation 

UF 
produced 
water 

RO 
produced 
water 

pH 
TSS (mg/L)

6.0-8.0 
200 

6.91 
31 

6.21 
0 

Turbidity 
(FAU) 

25 29 0 

TDS (mg/L) 2000 1310 2 
COD (mg/L)
BOD (mg/L)

300 
150 

4385 
  

9 
16 
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4  Conclusion 

The study has been conducted to find the optimum 
condition to treat tofu wastewater through combination of 
coagulation-flocculation and membrane process. The TSS 
can be removed more than 80% in the coagulation-
flocculation process suing alum at 300 ppm dosage. In the 
UF process at TMP of 1 bar, all parameters observed in 
the study except COD have already met the standard 
stated by the government regulation. Afterward, in the RO 
process at the TMP of 6 bar the COD can be reduced 
drastically so that the water produced already comply with 
the government regulation. Therefore, the combination 
process of coagulation-flocculation, UF and RO can be 
employed to handle tofu wastewater in order to meet the 
discharged wastewater standards set by the government 
regulations. Further study can be conducted to use 
microfiltration (MF) membrane instead of UF membrane 
prior to RO process as the MF process consume less 
energy dan UF process. 
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Nomenclature 

Cf the final concentration of observed 
papameters (mg L-1 or FAU) 

Ci the initial concentration of observed 
papameters (mg L-1 or FAU) 

R parameter reduction (-) 
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