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-
Tofu is a popular food for the people because it contains good and healthy nutrition. Furthermore, it is low-cost for many people. The tofu |
processing industry, which usually is done by the small industries, can be found in almost every city in Indonesia. As a result of the large |
number of the small tofu industries, the waste gives a lot of impacts towards the environment. The great amount of water used for the tofu
processing results in the great amount of the wastewater. The waste from the tofu processing usually has a high amount of organic |
substances; the BOD level is around 6000-8000 mg/L, the COD is around 7.500-14.000 mg/L. If all wastes are disposed without any |
treatments at all, this will surely result in polluting the surrounding environment. This article aims to discuss about the treatment process |
of the tofu waste in Indonesia and some other alternative treatment systems from previous researches. In general, small tofu industries do |
nothing about their wastes. It is because the price that they need to pay for the waste treatment is considerably high. On the other hand,
some bigger tofu industries are usually treating the waste of their tofu processing with the anaerobic system with the treatment efficiency |
up to 50-70 %. Even though the waste has been treated, the organic substances in the waste (BOD and COD) released to the water still has |
a considerably high level of substances, above 500 mg/L. Therefore, further treatments are needed so that the organic content in the waste |
effluent meets the wastewater quality standard. Several researches shows that the liquid waste from the tofu industries can be treated by
using the anaerobic fix domedigester, fixed bed anaerobic, anaerobic baffle reactor, thermophilic anaerobic stirred tank reactor, up flow |
anaerobic sludge blanket, up flow anaerobic filter process, anaerobic fluidized bed reactor and several others. All of those anaerobic |
processes produce methane gas which can be used as a source of energy. Some researchers have also successfully utilized the liquid waste |
of the tofu industries as the source of hydrogen gas, as well as the media lactic acid production. On the other hand, the solid waste (okara) |
can be used as snacks, fertilizers and feed for livestock. Okara can also be used as the basic ingredients of isoflavones. |
|
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TABLE-1
PER CAPITA CONSUMPTION OF SOME FOODSTUFES IN
INDONESIA (2012-2013) (SOURCE: DEPARTMENT OF
AGRICULTURE OF INDONESIA, 2013)

INTRODUCTION

Tofu is one of the most commonly consumed side dishes
in Indonesia. Tofu contains a lot of protein and vitamins needed

by the body. According to the data from the Ministry of Agricul- No  Type of food 2012 (%) 2013 (%) avfrgf?%)
ture in 2013, the tofu consumption in Indonesia is considerably 1 Tofu 6.987 7.039 0.09
great. Table-1 shows per capita consumption of some food- 2 Raschicken 3.494 3.650 4.60
stuffs in Indonesia. Indonesian tofu consumption per capita 3 Kampong chicken 0.521 0.469 -1.67
reached 7,039 kg/person with a growth rate of 0.09 %. This 4 Chicken eggs 6.518 6.153 L.61
number is considerably higher than per capita consumption I ot 25D i it

. 6  Tempe 7.091 7.091 0.23
of beef and chicken. Tofu can also serve as snacks and for 7 Beef 0365 0261 253

some people tofu is also considered as the side dishes are eaten
with the staple food.
Indonesia has the average of 84,000 tofu factories ranging

processes. Of this amount, each tofu industry produces an
average of 20 million m*/year of liquid waste and about 1,024

from the household scale with the number of workers from
five to eight people to the large scale with more than 100
workers. The tofu industries in Indonesia can spend about 2.56
million tons of soybeans every year for the tofu making

million tons of solid waste [1]. The amount of the waste results

in the average emission of 1 million tons of CO, equivalent.
One of environmental problems caused by tofu industries

is the waste generated from the tofu production process. The



502 Faisal et al.

Asian J. Chem.

waste generated by tofu industries can be divided into 2 types,
i.e. the solid waste and the liquid waste. The tofu industries
generally produce solid waste for about 40 % of the total
capacity of 100 kg soybean production. For every 100 kg
soybean used for the production, it takes about 1.5-2 m’ of
water [2].

The solid waste of tofu (okara) contains about 20.93 %
protein, fiber 21.43 %, 10.31 % crude fat, 0.72 % calcium,
0.55 % phosphor and 36.69 % of other compounds [3]. The
okara have a very little impact on the environment because
most of the okara are resold by the tofu makers as fodder for
goats or cows since the protein contents of the okara are still
quite high.

The liquid waste was generated from the washing, pressing
and molding process. Therefore, the liquid waste generated
from the industries is quite high. The liquid waste from the
tofu making contains very high organic substances, tempe-
ratures reached 40-46 °C, the level of biochemical oxygen
demand (BODs) of 6000-8000 mg/L, the chemical oxygen
demand (COD) of 7500-14000 mg/L and the low acidity at
pH of 5-6 [4,5]. The liquid wastes from the tofu industries are
generally discharged into the river and will surely disrupt the
biotic lives of the river, decline the water quality caused by
the high content of organic substances andcan cause a bad
odour and pollution of the surface and ground water [5-8].

The tofu waste which seeps into the ground and mixed
with ground water can cause many health problems for the
people living around the place where the tofu industry is
located. Some of the health problems are the skin diseases,
stomach ache and several others. The tofu waste dumped into
the river without any treatment might cause the death of river
organism, causing damage to river ecosystems and harm the
human who use the river for fishing, washing, etc. [9]. Liquid
Waste Quality Standard for the industry (Decree of the Minister
of the Environment of Indonesia No. 51, 1995) can be seen in
Table-2.

TABLE-2
WASTEWATER QUALITY STANDARD FOR TOFU INDUSTRY
Concentration Load capacit
Parameter (mg/L) (ke t(I))n) y

COD 300 6

BOD 150 3

TSS 200 4

pH 6-9

The highest quantity of

waste water (m’/ton) A

Tofu’s waste treatments: The tofu’s waste treatments are
divided into 2 types, namely the solid waste treatment and
liquid waste treatment. The treatment is done with the aim to
reduce the direct or indirect impact of waste of tofu’s industries.

Solid waste treatment: The solid wastes from tofu
industries contain highly concentrated organic substances, so
that there are some kinds of utilizations done to reduce the
solid waste generated from tofu production activities.

Live stock feed: The solid wastes from the tofu industries
(okara) contain a lot of organic substances and if it will cause
a bad odour if being left for too long. To get the okara stored
longer, the okara can initially be dried using the sunlight.

Another way to preserve the okara is by making the silage.
First, the water containment of okara can be deducted up to
75 % and then is stored in a sealed plastic in order to make it
air-tight. After that, it can be stored for 21 days and be used
based on requirement. Okara is rich in dietary fibre, mainly as
insoluble fibre, beside protein and fat [10].

Fertilizer: The content of okara similar to compost makes
the okara have the potential to be used as fertilizer which can
be used to fertilize crops. Table-3 shows a comparison of
chemical content in green valley compost and okara. Research
conducted by Asmoro and Sutoyo [11] concerning the utili-
zation of the tofu waste to increase crop yields shows that the
okara can be used as a fertilizer and is done by mixing natural
soil and okara with a ratio of 5:1.

TABLE-3
CHEMICAL CONTENT OF OKARA AND COMPOST
Parameter Okara Solid compost
N (%) 1.24 1.44
P,O; (ppm) 5.54 2.37
K,0 (%) 1.34 3.03
Protein (%) 7.72 -
Fat(%) - -
Carbohydrate(%) — —

(Source: [Ref. 11])

Various food products: The okara can be used as the
various food products such as flour, soy sauce, crackers and
several others. The high protein content in the okara allows
the okara to be reprocessed into several other various food
products.

Liquid waste treatment: Liquid waste treatment which
contains high organic substances is usually done with the help
of microorganisms. The waste treatment using bacteria can be
done in 3 ways, which are aerobic, anaerobic and the combi-
nation of both. Liquid waste treatment usually uses anaerobic
method [12]. There are several types of anaerobic treatments
commonly used in Indonesia, among others:

Fix dome anaerobic digester: Reactors of this type (Fig.
1) are included into the kind of low-rate anaerobic sludge
digester. The reactor has no stirring to mix the influent. In this
reactor, the decomposition occurs due to contact between the
influent with sediment containing the bacteria. The biogas as
the result of the decomposition releases and brings most
sediment particles containing the anaerobic bacteria. In the
reactor, there is not more than 50 % of the reactor volume that
is used in the process of decomposition. A large volume reactor
is needed in order to produce maximum result [12].

Fixed bed anaerobic: Reactors of this type (Fig. 2) using
a bed that becomes the growing spots of the bacteria. The
bacteria moored on the bed decompose the liquid waste that is
passed slowly. The average residence time that bacteria need
in order to optimally process is above 20 days [12].

Anaerobic baffled reactor: Reactors of this type using
the chambers that causes liquid waste to flow and contact with
the sludge containing the bacteria, which is under the baffle
and the upper surface of the reactor causing the liquid waste
to experience the flow upward and downward (down flow and
up flow) as in Fig. 3. The reactor of this type also has a large
size to produce optimum results [13,14].
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Fig. 1. Schematic diagram for fixed dome reactor [Ref. 12]
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Fig. 2. Schematic diagram for fixed bed anaerobic reactor [Ref. 12]
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Thermophilic anaerobic stirred tank reactor: Reactors
of this type are included in anaerobic stirred tank reactors.
Thermophilic bacteria are grown inside the reactor and will
decompose organic substances in the liquid waste. Reactor of
this type covers the lack of other reactor types that require
large volumes. It is because inside this reactor, the mixing of
the waste with decomposed bacteria occurs perfectly that the
residence time required is far less. The schematic diagrams
for thermophilic anaerobic stirred tank reactor can be seen in
Fig. 4. This method has not yet been applied in Indonesia.

Another method of tofu waste treatment that can be used
to treat the tofu waste is the up flow anaerobic sludge blanket,
up flow anaerobic filter process, anaerobic fluidized bed reactor
and with a combination of biological processes of anaerobic-
aerobic.

Tofu’s industrial waste treatments in Indonesia: The
number of tofu industries in Indonesia that have been using
the waste treatment plant (WTP) is still very small, but the
public awareness of the importance to protect the environment

Biogas

- Effluent

Influent

_

Fig. 3. Schematic diagram for anaerobic baffled reactor [Ref. 12]



504 Faisal et al.

Asian J. Chem.

Influent —# Biogas

Mixer

= Jacket

#+ Heater

;

Effluent

Fig. 4. Schematic diagram for thermophilicanaerobic stirred tank reactor

causing the number of the tofu industries using the waste treat-
ment plant is increasing. The tofu waste treatment, especially
the liquid waste is closely connected with economic problems.
The treatments usually require a large amount of cost. There-
fore, many tofu industries in Indonesia do not treat the waste,
causing the water pollution. The condition is also due to the
great number of the tofu makers that do not yet understand
the cleanliness of the environment. As an addition to that, the
low economy level becomes another factor, so that the waste
treatment would be a considerable burden to them. On the
other hand, the solid waste of okara on small industries sold
directly to the people to be used as livestock feed. However,
this okara waste can also be renewed into the nutritious food
or the basic material to make the isoflavones if the okara is
properly treated [15].

Storage

Tofu tank

waste

Treatments of solid waste: The okara still contains 27 g
of protein and 41.3 g carbohydrates that it is possible to be
renewed into soy sauce, taoco (soybean paste), flour that can
be used in the process of making the various foods (pastries,
cake, side dishes, crackers, efc.). In making cakes and snacks,
the use of the tofu flour can be the substitute material of the
grain flour. The use of tofu flour as the wheat substitute material
has the advantage such as to produce a product that still has
nutritional and economic value as well as the cleaner environ-
ment [16]. The okara are mostly used as the basic ingredients
of Tempe Gembus (a side dish made of soy bean) by many
people. This is done because the process of making Tempe
Gembus is easy and the cost is quite cheap. Besides Tempe
Gembus, the okara are also processed to be used as livestock
feed [16].

Treatment of liquid waste: Currently, the industrial tofu
wastewater management is usually done by making the
wastewater tank in order to make the anaerobic process occurs.
The substances of the organic pollutants in the wastewater can
be reduced through the biological anaerobic process. However,
the efficiency treatment of this process is only ranging from
50 to 70 %. Thus, if the BOD concentration in the wastewater
is 6000 ppm, then the BOD level that comes out is still consi-
derably high, about 1800 ppm. Therefore, this treatment is
still considered as the source of the environmental pollutant.

This paper presents some examples of tofu factories in
Indonesia using the waste treatment plant. Some of them are
the Gagak Sipat Boyolali Tofu industry and Sederhana Kendal
Tofu industry, located in Java island. Their great efficiencies
in reducing the environmental pollution will be discussed and
served as the model for the tofu industries that use the waste
treatment plant in their industry.

Waste treatments in Boyolali Tofu industry: This industry
is using the waste treatment plant with the anaerobic processes
of the fixed dome anaerobic reactor. Fig. 5 shows the schematic
of waste treatments in Boyolali tofu industry. Before being
poured into the reactor, the wastewater is pumped into the
tank with the size of 0,768 m® with a residence time of 3.6 h.
After that, the wastewater flowed into the reactor (volume of
30 m’) with a residence time of 6 days. Before being discharged

Biogas
for electricity &
cooking

el

River

Filter
media

Anaerobic
digester
Fig. 5. Schematic diagram for waste treatment process at Boyolali tofu industry
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into the rivers, the wastewater out of the reactor was firstly
flowed into a tub-sized of 2.4 m® with a residence time for
11.5 h. Waste treatment plantowned by this tofu industry
operates at a flow waste rate of 5 m* [16]. The performance of
these reactors can be seen in Table-4. From Table-4 it can be
seen that the COD and BOD in the treatments of Boyolali
Tofu industry have not meet the standardization of the
wastewater quality standard, on the other hand the pH standard
has been met. Therefore, further treatments are needed for
this industry.

TABLE-4
PERFORMANCE OF WASTEWATER TREAMENT
FACILITY OF BOYOLALITOFU INDUSTRY

Parameter Influent Effluent Efficiency
BOD 3283 mg/L 337.9 mg/L 0.89 %
COD 6486 mg/L 759.8 mg/L 0.88 %
TSS 575 mg/L 116 mg/L 0.79 %

pH 4.53 7.32 —

(Source: [Ref.16])

Waste treatments in Sederhana Kendal tofu industry:
This tofu factory is using waste treatment plant with two types
of treatments, which are the anaerobic and aerobic. The reactor
used in this waste treatment plant is type of anaerobic baffled
reactor (ABR). Before the waste being poured into the reactor,
it is firstly accommodated into the tank (with the volume of
63 m?). Upon pouring the reactor with the residence time of
1.5 days, the wastewater is put into 300 m’ sized reactors with
the residence time of 7.5 days. The liquid waste coming out of
the reactor is streamed into the aeration pond (with the volume
of 6 m*) with a residence time for 3.6 h. The waste treatment
plant used by this tofu industry is able to accommodate the
wastewater with a flow rate of 35 m’. The performance of this
waste treatment plant can be seen in Table-5. The results of
waste treatments done in Sederhana Kendal Tofu industry have
already met the permitted quality standards [16].

TABLE-5
PERFORMANCE OF WASTEWATER TREAMENT
FACILITY OF SEDERHANA KENDAL TOFU INDUSTRY

Parameter Influent Effluent Efficiency
BOD 2726 mg/L 57.60 mg/L 97.80 %
COD 4972 mg/L 203.2 mg/L 95.90 %
TSS 388 mg/L 62 mg/L 84.02 %

pH 5.51 7.06 -

(Source: [Ref. 16])

Another tofu industry that also has a wastewater treatment
unit is the small tofu industry in Semanan, West Jakarta, which
uses anaerobic lagoon system (Fig. 6). Lagoon systems used
in the industry is able to lower the levels of organic substances
down (BOD) of about 50 %. In Banyumas, there are also two
waste treatment plants with a capacity of 21 m* (equivalent to
1200 kg of soybeans per day for 20 owners) and 5 m® (300 kg
soybeans/day for 5 employers) [17]. The number and capacity
of the unit is certainly not comparable to the number of tofu
industry owners in the district. In the city of Banda Aceh, Aceh
province, the tofu industry owners do not treat the waste because
of the large cost for the treatments [5]. Some tofu industries

Fig. 6. Wastewater treatment of small tofu industry at Semanan, Jakarta
Barat

were supported by National Group Organization (NGO) to
treat the waste, but due to the lack of technical knowledge of
the treatments, the system only lasts for 3 to 6 months, then
the system is never be used again due to the damage caused
(blockages, odour, no gas and so on).

Integrated concept in tofu waste treatments: With a
high containment of the organic substances inside the tofu’
waste, the waste can be processed into a more useful material
after going through several stages of processing. The integrated
processing will be able to take advantage of all the potential
that exists in the wastewater into useful materials or compounds.
Fig. 7 describes one integrated concept in the process of tofu
waste treatment. The tofu’s waste consists of solid and liquid
wastes. Every 1000 kg of basic ingredients (soybean) requires
approximately 2200 kg of water. That amount of material will
produce the tofu (product) as much as 1080 kg, the solid waste
(okara) 1400 kg and about 1800 kg of liquid waste. By using
the integrated concept, all of the waste will be utilized. The
tofu’s solid waste (okara) can be used as livestock feed. With
further processing okara can be used as snacks. Okara can
also be easily processed into organic fertilizer. Besides, through
several stages of the process, the component inside okara can
produce more useful isoflavones compounds.

The tofu waste will go through the process of anaerobic
digestion treatment in the retention time for 8-24 h. The effluent
product results can be used as liquid fertilizer or solid fertilizer
that can be used directly. The main objective of using the
anaerobic processes is to produce methane gas or biohydrogen.
The mixing between the results of the final tofu’s waste effluent
and okara with a certain ratio can also produce organic fertilizer,
which is quite good. The effluent as the result of this anaerobic
reactor contains microbes that could accelerate the process of
decomposition in composting.

The process of formation of methane (CH.) can occur
through the following reaction stages:

Organic materials + Nutrition __bacteria_
Cell + Volatile acid + Alcohol + H, + CO, (1)

Volatile acid + Alcohol + H, + CO, + Nutrition ——>
Cell + CH4 + CO» (2)
Propionic acid, acetic acid and other components can be
use for the formation of methane:
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Fig. 7. Integrated concept for waste treatment at tofu industry
CH;CH,OH + CO, — CH3COOH + 2H, 3) Furthermore, biohydrogen (H») can also be produced by

CH;CH,COOH + 2H,0 — CH;COOH + CO; + 3H, (4)
CH;CH,CH,COOH + 2H,0 — 2CH;COOH + 2H, (5)
4H, + CO, — CH, + 2H,0 ©6)

CH;COOH — CH, + CO, @)

Lay et al. [18] have studied the formation of bioenergy
from tofu’s waste with anaerobic processes and a high amount
of biogas can be produced. Theoretically, 1 Kg COD will
generate 0.35 m’ CHy, which can be used for the various appli-
cations. The methane gas production will increase with the
increase of substrate loading rate until it reaches the maximum
and then decreases if the loading rate is increased.

The purification process is needed because the gas that
comes out of the processing system still contains CO,, H,S
and NHs. There are several methods that can be used to separate
CO; from the fermentation reactor, such as the high pressure
water scrubbing (HPWS), chemical scrubbing (AS) which uses
an amine based solvent, organic physical scrubbing (OPS) which
uses a commercial blend of polyethylene glycol, pressure
swing adsorption (PSA), selective membrane (MS) separation
and Cryogenic separation [19,20]. Although the separation
technology can be used, but generally the industry is still using
common methods which they do not store the CO, as the result
of the process but by releasing it back to the atmosphere or
using it for the industrial purposes, if it is sufficient in terms
of both quality and quantity [21,22]. Basically, although the
gas that comes out of the processing system still contains a
lot of impurities, the gas can be directly used for cooking.
However, the purification process is done, if the purer biogas
is wanted, without any impurities, therefore further processing
must be done. The pure biogas can be used as the main energy
source of electricity, the use on the field transportations and
so forth.

using the tofu waste as raw material through photosynthesis
or fermentation process. Fermentation is more preferable as it
is technically simpler than that of the photosynthesis [23-25].
Fermentation produces hydrogen from the carbohydrate materials
contained in the wastethrough the following reaction:

CeH 206 + 2H,O —— 2CH;COOH + 4H, + 2CO, (8)
C¢H .06 —— CH3;CH,CH,COOH + 2H, + 2CO, (9)

Bacteria such as Clostridium perfringens, cellulolytic
bacteria M 18, FS3, Clostridium sartagoforme FZ11 and
Clostridium acetobutylicum have been use by many researchers
to produce hydrogen from carbohydrate containing organic
wastes [25-32]. The developed methods seem to be promising
tool for hydrogen production.

Conclusion

Tofu industry produces the waste that contains a lot of
organic substances. If the waste is discharged into the
environment without any treatment process, it will cause the
environmental pollution. In Indonesia, tofu industries (the
small-scale industry) mostly do not treat their waste due to
the problem of the high cost treatment process. For the cases of
the big tofu industries, the treatment is done with the anaerobic
method. This method can produce the methane gas and
hydrogen as its main product. Although the initial treatment is
already done, the level organic substances content in the tofu
waste is still high and it cannot be discharged freely to the
environment or the water. Further processing is needed so that
the waste disposed has the COD and BOD level that will fit
the standard allowed by the Liquid Waste Quality Standard.
The integrated tofu waste management will be able to exploit
all the potential that exists in the tofu waste into more useful
materials. This integrated treatment concept requires expensive
investment, so that the support of sponsors or government is
totally needed. Through this concept, there will be biogas (CH.
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and H»), snacks, fertilizers, fodder and other useful compounds
that are produced.
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