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Abstract
Background: Tofu derived from processed soybeans is popular among the public, but its production 
has an unfavourable effect. After all, it produces liquid waste that causes quite high pollution because it 
contains quite high organic components. The present study aimed to reduce the content of biochemical 
oxygen demand (BOD), chemical oxygen demand (COD), and ammonia (NH3) in the liquid waste of a 
tofu factory. The scope of this research is limited to reducing the content of BOD, COD, and NH3 using 
an anaerobic-aerobic biofilm aeration system. 
Methods: This is an experimental study with a pre-post test only design and one group post-test design. 
The study population in this study is the tofu industry, and the sample in this study is partly water 
from the tofu waste. Sample examination was carried out at the Regional Health Laboratory of Jambi 
province, Indonesia.
Results: The results showed a decrease in BOD, COD, and NH3 after passing through a tofu waste 
treatment machine using anaerobic and aerobic biofilms with BOD, COD, and ammonia values of 
64.6%, 49.6%, and 79.8%, respectively. Tofu waste treatment using anaerobic and aerobic biofilms can 
lower the temperature and increase the pH of the waste. 
Conclusion: On the surface of the bioball used, the growth of the biofilm was found, and to increase 
the ability of the equipment, an initial treatment, such as filtration and sedimentation of waste, and 
reducing acidity with the help of quicklime was needed.
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Introduction
Tofu is a processed soybean product that is quite popular 
among the public (1). In the manufacturing process, the 
tofu industry produces much liquid waste that causes quite 
high pollution because it contains organic components 
that can harm the environment (2). Tofu liquid waste has 
a chemical oxygen demand (COD) concentration ranging 
from 10,000 to 20,000 ppm, caused by the protein content 
found in the tofu liquid waste. Liquid waste with a high 
COD value can cause the death of aquatic biota if directly 
discharged into the waters. Fish are usually used as an 
indicator of pollution in waters because they have a quick 
response to the environmental disturbances (3).

Tofu liquid waste treated aerobically requires a large 
cost in its production (4,5). The treatment of wastewater 
with a high COD value is generally carried out aerobically 
because it can be operated easily, the operating costs are 
low, and the wastewater treatment plant design is simple 
(6-8). In the manufacture of tofu, the resulting waste 
contains high protein, organic matter, and dissolved 

solids, with a low pH. In addition, it will also cause an 
unpleasant aroma that interferes with the aesthetics and 
life of the surrounding ecosystem (9,10).

Generally, tofu production ranges from 1200 kg 
to 1 500 000 kg per year, while the amount of liquid 
waste produced reaches approximately 2 m3 for every 
one quintal of soybeans (11). Thus, the pollution load 
from the tofu industry is quite large, so it requires 
further handling to comply with the quality standards. 
Wastewater parameters that stand out from tofu waste are 
temperature, pH, suspended solids, dissolved solids, and 
biochemical oxygen demand (BOD) (2,3,12).

BOD measures the oxygen demand in wastewater or the 
oxygen required by microorganisms to oxidize chemical 
compounds (13,14). The oxidation process is very slow 
and theoretically takes infinite time. The BOD value is 
useful to determine whether the wastewater is biodegraded 
or not. The BOD parameter, in general, is widely used 
to determine the level of wastewater pollution (3,15). 
Determination of BOD is very important to trace the flow 
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of pollution from upstream. The determination of BOD 
is a bioassay procedure involving the measurement of 
the amount of oxygen used by organisms as long as these 
organisms decompose organic matter present in water, 
under conditions almost the same as those in the nature. 
During the BOD inspection, the sample being examined 
must be free from the outside air to prevent contamination 
from oxygen in the free air. The concentration of the 
wastewater (sample) must also be at a certain level of 
pollution to keep dissolved oxygen always present during 
the inspection. It is important to notethat the solubility of 
oxygen in water is limited and only around ± 9 ppm at a 
temperature of 27°C (2,3).

Tofu-making industrial waste is generally directly 
discharged into waterways, resulting in the pollution of 
the waters (10). Polluted waters are black waters that have 
a high BOD content, low pH, and a foul smell, so they 
cannot be used anymore. Liquid waste or tofu wastewater 
is disposed of and generally contains materials or 
substances that can harm human health and disturb the 
environment (16).

Currently various wastewater treatment methods and 
technologies have been found, and also, developed. The 
hope is to be able to prevent pollution that will have a 
fatal impact on the environment and health of humans 
and other living things, such as microbial fuel cells 
reactors, advanced oxidation process, electrocoagulation, 
microbiological film process (biofilm), rotating biological 
contactors, plasma dielectric barrier discharge, and 
membrane technology (17-20).

For the processed water to meet the quality standards, 
the water processed from the anaerobic biofilter process is 
then processed using an aerobic biofilter (21). Using the 
biofilter process, the remaining aerobic organic pollutants 
will decompose into carbon dioxide gas (CO2) and water 
(H2O), ammonia will be oxidized to nitrite, which will 
then become nitrate, while H2S gas will be converted into 
sulfate (22).

This biofilm process has several advantages over the 
other waste water treatment processes. These include 
being effortless to operate, effective in treating wastewater 
with low to high concentrations, resistant to fluctuations in 
wastewater or concentration fluctuations, and decreasing 
temperature on a small-scale treatment efficiency.

This study aimed to treat tofu liquid waste using an 
anaerobic-aerobic biofilm aeration system in reducing the 
content of BOD, COD, and ammonia.

Materials and Methods
Instruments and materials
The primary material used in the research is liquid waste 
from the tofu industry. The leading equipment needed 
was a fixed bed digester reactor from PVC pipes, influent 
feed tank, effluent tank, storage tank, liter jerry can, 5-L 
jerry can, biofilter, silicone pipe glue, air blower, water 

pump, and a pH meter.
The research procedure begins with conducting 

biofilter processing experiments to treat industrial tofu 
waste. Parameters tested before and after the experiment 
was BOD, COD, and ammonia to obtain data on the 
characteristics of tofu waste by testing biofilters.

Procedure
A biofilm or biofilter is an aggregate collection of 
microorganisms or extracellular polymer products 
adhering to a solid surface or an inert organic solid in 
an aqueous environment. For 14 days, microorganisms 
(biofilm) were grown by attaching to the biofilter media. 
The tofu wastewater treatment experiment without 
dilution with wastewater mass was conducted for 9 days 
in a biofilter. The tofu wastewater was entered into the 
biofilter reactor through the influent. The tofu wastewater 
flow was carried out through down flow in the reactor by 
the gravity passing through the biofilter media. The tofu 
wastewater exits through the pipe. Then, the waste output 
was accommodated in a container for sample testing.

In simple terms, aerobic biofilm can be described as a 
biofilm system consisting of a buffer medium, a biofilm 
layer attached to the medium, a wastewater layer, and an 
air layer located outside. The pollutant compounds diffuse 
in the biofilm layer. These compounds consist of organic 
compounds (BOD and COD), and ammonia. Then, at 
the same time, these pollutant compounds will be broken 
down by microorganisms in the biofilm layer using 
oxygen dissolved in the waste, and the energy produced 
will turn into biomass. When the microorganism layer 
is thick enough, the outer part of the biofilm will be in 
anaerobic condition.

Meanwhile, the inside of the biofilm will be under 
anaerobic conditions. H2S gas will form under anaerobic 
conditions, and then, the H2S gas will be converted into 
sulfate by sulfate bacteria contained in the biofilm if 
the dissolved oxygen concentration is large enough. 
In addition, ammonium nitrogen will convert into 
nitrite and nitrate in the aerobic zone. Then, the nitrate 
denitrification process will occur, and nitrate will convert 
into nitrogen in the anaerobic zone. Therefore, aerobic 
and anaerobic conditions can co-occur in the biofilm 
system to remove nitrogen compounds easier.

Making modifications of tofu waste treatment 
equipment can using anaerobic and aerobic biofilms. This 
tool is made as simple as possible with the materials and 
equipment around, especially the widely used drums in the 
market. Some materials must be purchased from abroad 
because there is no production here like Bio ball. The 
tools were made in the workshop of the Environmental 
Health Department, Poltekkes, Ministry of Health, Jambi.

Data analysis was carried out after measurement of the 
test data for each BOD, COD, and ammonia parameter 
before and after processing. Data analysis also aimed to 
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determine the effect of the anaerobic-aerobic treatment 
system on decreasing the parameters of BOD, COD, 
ammonia, and processing efficiency, which is affected by 
the hydraulic residence time treatment and to determine 
the optimal hydraulic residence time. The efficiency 
of BOD, COD, and ammonia levels was calculated to 
determine the level of reduction in the BOD, COD, and 
ammonia levels before and after the use of the combined 
anaerobic-aerobic system processing. The efficiency value 
was calculated using the following equation:

100%a bEfficiency
a
−

= ×                   (1)

Where a is the BOD, COD, and ammonia concentrations 
values before being processed for each treatment and b is 
the BOD, COD, and ammonia concentration values after 
processing for each treatment.

A schematic diagram of the reactor is shown in Figure 1.

Study design and sample
In this study, a quantitative research design with an 
experimental approach was used. The study population 
was the tofu industry, and the study sample was the 
water from the tofu waste, totally 36 samples consisting 
of samples for examination of 2 BOD samples before 
and after treatment with 6 repetitions, so that it became 
12, 2 samples of COD before and after treatment with 6 
repetitions, so that it became 12, 2 samples of ammonia 
before and after with 6 repetitions, so that it became 12. 
Each parameter consists of 12 samples, meaning that the 
total sample was 36.

Data were collected by conducting a preliminary survey 
of the tofu industry in Jambi city, then, conducting 
interviews using a questionnaire, taking samples of tofu 
waste, and checking the content of BOD, COD, and 
ammonia.

In addition, the test results data on the parameters were 
processed for analysis using t-test by SPSS version 16.0, with 
the assessment criteria if P < 0.05, then, there was a significant 
difference in the decrease in the concentration before and 
after passing through the tofu waste treatment tool.

Results
The results of the study began with the construction of 
an anaerobic and aerobic tofu waste treatment plant, as 
shown in Figure 2. Figure 3 shows the appearance of a 
biofilm on a Bioball.

Figure 4 shows that the average temperature data before 
processing using the tofu waste processing equipment 
using anaerobic and aerobic biofilms was 36.16°C, and 
the average temperature after processing tofu waste was 
32°C. Anaerobic and aerobic biofilms before tofu waste 
treatment were pH 3.8, and the average pH after tofu 
waste treatment was 6.25.

Figure 5 shows that the average BOD data before 
processing using tofu waste treatment by anaerobic and 
aerobic biofilms was 616 mg/L, and the average BOD 
after tofu waste treatment was 218 mg/L with an average 
decrease of 63.5%. The results of the statistical test showed 
the P < 0.05.

Figure 6 shows that the average COD before processing 
using tofu waste treatment by anaerobic and aerobic 
biofilms was 1124 mg/L, and the average COD after tofu 
processing was 566 mg/L with an average percentage 
decrease of 54.3%. The results of the statistical test showed 
the P < 0.05.

Figure 7 shows that the average concentration of 
ammonia before processing using tofu waste treatment 
equipment was 0.76 mg/L, while after filtering 
using anaerobic and aerobic biofilms, the ammonia 
concentration decreased to 0.16 mg/L. The results of the 
statistical test showed the P < 0.05.

Discussion
Based on the research results, the BOD concentration in 
tofu waste was high and exceeded the quality standard of 
liquid waste set by the government, which is 150 mg/L. 
The presence of high BOD concentration cannot be 
separated from the amount of protein and other organic 
substances present in tofu waste. Based on the results of 
the UI statistic, the P-value of 0.027 means that there is 
a significant decrease in the concentration of BOD in 

Figure 1. Bioreactor Anaerobic-Aerobic Media Bioball
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tofu waste after passing through the tofu waste treatment 
equipment with inorganic and organic biofilms.

Organic materials contained in tofu industrial effluents 
are generally very high. Organic compounds in the 
wastewater can be proteins, carbohydrates, fats, and oils 
(23). Among these compounds, protein and fat have 
the highest concentration, reaching 40-60% protein, 
followed by carbohydrates (25%-50%), and fat (10%). 
One indicator to assess the content of organic matter 
is to test the concentration of BOD in water. The high 
content of BOD in water will make it difficult for the 
decomposition done by natural microorganisms present 
in tofu waste. The BOD concentration is one of the key 
parameters in wastewater, meaning that its presence 

and amount in wastewater will affect the concentration 
of other pollutants, especially organic waste such as tofu 
waste (24,25).

The average BOD concentration before treatment with 
tofu waste treatment equipment using anaerobic and 
aerobic biofilms had an effect on the reduction of the 
average BOD from 616 mg/L to 218 mg/L with an average 
decrease of 64.6%, which is still above the wastewater 
quality standard (150 mg/L). It is a parameter to assess the 
amount of dissolved organic matter and shows the amount 
of oxygen required by the activity of microorganisms in 
decomposing organic substances biologically in the liquid 
waste. The liquid waste of the tofu industry contains high 
concentrations of dissolved organic materials.

Consistent with the results of a study by Anwar 
(26), who reported a decrease in the BOD levels before 
treatment using an anaerobic biofilter for 9 days, the mass 
of wastewater in the biofilter was 4,097.34 to 725.43 mg/L 
with a treatment effectiveness level of tofu industrial 
liquid waste using biofilter has a BOD-5 value of 46%.

According to a study by Sayow et al (27), BOD is the 
number of oxygen organisms needed to break down organic 
waste in the waters. The higher the BOD concentration, 
the more oxygen is needed to oxidize organic matter. A 
high BOD value indicates that there are many organic 
compounds in the waste, so microorganisms need that 
much oxygen to decompose organic compounds. A low 
BOD value indicates the decomposition of organic waste 
by microorganisms (28,29).

The average COD level before processing using tofu 
waste treatment by anaerobic and aerobic biofilms was 

Figure 2. Blower and water pump

Figure 3. The use of Bioball

Figure 4. Tofu wastewater temperature and pH data
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1.124 mg/L, and the average COD level after tofu waste 
treatment was 566 mg/L, with an average percentage 
decrease of 49.6%. It shows that the bacteria that grow in 
the drum reactor with PVC pipe biofilter media effectively 
reduce COD levels of tofu waste and are effective up to 
62.2%.

Consistent with the results of the present study, 
Anwar (26) reported that the treatment of tofu waste 
with an anaerobic biofilter using gravel and coral media 
with COD effectiveness is 47%. The COD value before 
treatment was 9.523.20 mg/L that was reduced to 1.648.32 
mg/L. Pandia (30) also reported that the COD reduction 
efficiency reached 38.97% with the mass of wastewater in 
an anaerobic biofilter for 12 hours.

The initial high concentration of tofu waste occurred 
due to the adaptation process of microorganisms that 
grew and reproduced in the fishnet biofilter media and bio 
ball in the drum (bio filter reactor) to the new Tofuliquid 

waste. High COD values occur because of environmental 
factors that influence such as the dissolved oxygen content 
in the reactor is can help bacteria decompose pollutant 
compounds in the reactor. Furthermore, tofu contains 
high protein, so liquid tofu waste will also contain high 
organic materials. It proves that the concentration of 
pollutants in tofu waste is still high (31).

 Currently, the management of tofu and fermented 
soybean industrial wastewater is generally carried out 
by making a wastewater reservoir so that an anaerobic 
process occurs. With the anaerobic biological process, 
the organic pollutant content in the wastewater can be 
reduced, but with this process, the treatment efficiency is 
only around 50%-70%. Thus, if the COD concentration 
in wastewater is 7000 ppm, then, the level of COD that 
comes out is still quite high, around 2100 ppm, so this is 
still a source of environmental pollution (32-34).

The value of ammonia concentration before using 
anaerobic and aerobic biofilms was 0.76 mg/L, and 
then, decreased to 0.16 mg/L with an average reduction 
efficiency of 77.4% after tofu waste treatment. In general, 
the tofu industry only accommodates waste in one tub 
or even earthen ponds and some even discharge directly 
into public channels or rivers without any storage or 
treatment.

By increasing the operational time of the biofilter 
reactor, the effectiveness of the ammonia content also 
increased. The micro-organisms in the biofilter reactor 
grew and were reproduced and formed a thicker biofilm 
layer than before so that the organic compounds in the 
liquid waste can be decomposed.

Conclusion
After going through a waste treatment device using 
anaerobic and aerobic biofilms, the liquid waste of the 
tofu factory showed a decrease in the content of BOD, 
COD, and ammonia, therefore, the tool can be used to 
treat the liquid waste of the tofu factory using anaerobic 
and aerobic biofilms.
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