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 Abstract: Liquid waste of tofu production has a high content of organic matter which 
can lead to a decrease in water quality. This study was aimed to obtain an optimal 
combination of duration and waste concentration in tofu liquid waste treatment using 
Chrysopogon zizanioides. Response surface method using Design Expert 7.0 software was 
applied to optimize combination response of duration (3, 9, 15 days) and waste 
concentration (20, 40, 60%), aided by Design Expert 7.0 software. The optimum 
treatment was 15 days with 20% waste concentration, reducing 55.48% of COD, 37.86% 
BOD, 93.51% TSS, 87.86% Turbidity, increasing DO to 7.2 mg/L and pH to 7.2. 

Keywords: phytoremediation; response surface method; Chrysopogon zizanioides; 
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■ INTRODUCTION 

There is a lot of tofu production in Indonesia and 
most are small-scale industries. The tofu production 
generates liquid waste. Such liquid waste is generally not 
properly treated and discharged directly into the aquatic 
environment. Tofu liquid waste contains organic matter 
which promotes the rapid growth of microbes in the 
waters and results in decreased oxygen levels in the water. 
The liquid waste of tofu also contains suspended materials, 
resulting in an increase in turbidity of the waters. 

The effluent characteristics of tofu liquid waste prior 
to treatment were COD (5759 mg/L), BOD (580 mg/L), 
TSS (552 mg/L), and pH (3.9) [1]. Those values are not in 
accordance with the quality standard of Government 
Regulation No. 05 of 2014 on the Quality Standard of 
Industrial Wastewater namely BOD (150 mg/L), COD 
(300 mg/L), TSS (200 mg/L) and pH (6-9). Under such 
conditions, the tofu liquid waste disposed of without 
processing will cause environmental problems. Water 
quality parameters influenced included increased water 
turbidity, high organic matter, low DO, the development 
of pathogenic bacteria, and the emergence of bad smell. 
Several attempts have been made to reduce the levels of 

organic matter in tofu production waste such as the use 
of Chlorella vulgaris as an autotrophic microalga applied 
to bioreactors of the raceway pond type [2]. 

Many studies have been done on improving 
wastewater quality, among others by using certain 
chemical adsorbents [3-8]. In this study, we used the 
plant as a pollutant adsorbent which is also known as 
phytoremediation. Phytoremediation is a way of 
eliminating or reducing pollutants by using certain 
plants in cooperation with microorganisms in the 
medium (soil and water). Some of the benefits of 
phytoremediation are potentially applicable, relatively 
inexpensive operating costs, capable of reducing 
contaminants in large volumes, and safe [9]. Several 
types of plants play crucial roles in waste treatment, such 
as water spinach [10], lettuce [11-13], and vetiver [14]. 
Chrysopogon zizanioides is a water-based land plant 
which is capable of absorbing soluble nutrients such as 
N and P and is able to accumulate heavy metals [15]. C. 
zizanioides has been widely utilized for waste treatment 
in contaminated environments of heavy metals [16], 
organic wastewater of tapioca factories [17], 
Tetracycline (TC) wastes in the antibiotic industry [18]. 
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This plant is also capable of being applied to the 
aquaponic system [19]. 

This study was aimed to remediate tofu liquid waste 
using Chrysopogon zizanioides by analyzing the optimum 
combination of liquid waste concentration and duration 
of the process based on response surface method, which 
has never been conducted previously, employing 
Response Surface Methodology (RSM) and Central 
Composite Design (CCD) methods [20]. RSM is a set of 
mathematical and statistical techniques to analyze the 
response in which some independent variables influence 
the dependent variables and the ultimate goal to optimize 
the response in various research topics [21]. RSM has 
been widely used in analyzing various water treatment 
experiments [4,22-33]. 

■ EXPERIMENTAL SECTION 

C. zizanioides was used for phytoremediation as a 
filter to reduce organic matter in tofu liquid waste. Vetiver 
was selected based on the similar age, the height of  
10-15 cm and a wet weight of approximately 30 g. C. 
zizanioides was stored in a 30 × 20 × 25 cm3 container. 
Acclimatization for 7 days aimed for adjustment so that 
plants can grow well. Wastewater quality characteristic of 
tofu was pointed out by COD, BOD, TSS and pH 
parameters [34]. A similar experiment by addition of 
zeliac to the system is published elsewhere. 

The removal efficiency of water quality was 
determined (eq. (1)) [35]. In addition, the specific 
growth rate was calculated by the eq. (2) [36]. 

a b%  removal  efficiency 1  00
a
−

= ×   (1) 

where a is water quality parameter before treatment and 
b is water quality parameter after treatment. 

t 0

0

ln X ln X
SGR 1  00

t  t
 −

= ×  − 
  (2) 

where SGR is specific growth rate (%), X0 is initial C. 
zizanioides wet weight at time 0 (g), Xt is final C. 
zizanioides wet weight at time t, t0 is an initial time of 
observation (day) and t is research duration (day). 

In this study, RSM/CCD analysis applied a waste 
concentration of 20, 40 and 60% and observation time of 
3, 9, and 15 days. Design Expert 7.0 software was used to 
determine the optimized combination response of the 
waste concentration and duration (13 treatment 
combinations). Replication of each treatment was 
selected by the system namely 20% waste (3 replicates), 
40% waste (6 replicates), 60% waste (4 replicates), 
representing 3, 9, 15 days observation. 

■ RESULTS AND DISCUSSION 

C. zizanioides is a grass plant that grows upright to 
1–2.5 m, has stand-up but soft stems and a strong root 
system with a length of 3–4 m. C. zizanioides can grow in 

Table 1. The growth of roots stems and SGR of vetiver on tofu liquid waste treatment 
Run Time (Days) Waste (%) Roots (cm) Stems (cm) SGR (%) 

1 9 20 14.00 32.00 0.032 
2 9 40 13.75 32.00 0.019 
3 3 20 13.25 25.25 0.042 
4 9 60 15.00 27.75 0.025 
5 15 40 14.25 45.25 0.017 
6 15 20 14.25 36.75 0.019 
7 15 60 16.00 37.25 0.016 
8 9 60 14.25 30.50 0.026 
9 3 40 13.00 27.25 0.042 

10 9 40 13.25 30.75 0.026 
11 3 60 14.75 28.75 0.032 
12 9 40 12.25 33.00 0.023 
13 9 40 11.50 34.00 0.026 
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a variety of extreme climatic conditions [37]. Each 
treatment had an increment of root length, stem and 
specific growth rate (SGR) (Table 1). Furthermore, in 
wastewater treatment using plants occurs the process of 
filtering, ion exchange and absorption by roots and stems 
[38]. 

C. zizanioides root had a length of 10 cm prior to 
treatment, while the length of the stem was 20 cm. The 
roots grew to 11.5–16 cm (Table 1). Longer roots will 
provide an opportunity to absorb more nutrients [11]. 
When plants grow quickly, nutrient uptake will be greater. 
The nutrient elements in the tofu liquid waste derived 
from the decomposition of organic matter by 
microorganisms were absorbed by C. zizanioides and 
served as a source of new tissue formation. Nutritional 
requirements are fulfilled from nutrients derived from the 

decomposition of organic matter contained in water, 
which was utilized by autotrophic organisms, such as 
aquatic plants and phytoplankton [39]. 

COD removal increased from 12.18% (3 days, 20% 
waste) to 60.96% (15 days, 40% waste) (Table 2). C. 
zizanioides is potential as a biofilter to absorb organic 
material [10,40]. Fig. 1(a) represents the 3D surface 
response of COD decrease showing waste concentration 
and which greatly affect the decrease of COD. The color 
difference in the graph shows the change in the COD 
decrease response rate. The blue shows the lowest COD 
decrease response rate, while the red indicates the 
highest COD decrease response. BOD removal increased 
from 11.90% (3 days, 20% waste) to 56.36% (15 days, 
60% waste) (Table 2) (Fig. 1(b)). 

 
Fig 1. Plot of 3D surface (a) COD, (b) BOD, (c) TSS, (d) Turbidity, (e) DO, (f) pH 
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Table 2. Percentage removal of (COD, BOD, TSS, Turbidity), an increase of DO and pH 
Run Time (Days) Waste (%) COD (%) BOD (%) TSS (%) Turbidity (%) DO pH 

1 9 20 36.62 16.66 93.49 88.44 7.2 5.63 
2 9 40 33.85 16.32 56.74 72.84 6.4 5.63 
3 3 20 12.18 11.90 50.68 81.65 6.9 4.12 
4 9 60 53.28 23.63 68.57 50.49 5.9 5.68 
5 15 40 60.96 40.81 82.58 72.84 6.7 7.35 
6 15 20 52.47 40.47 86.98 93.65 6.9 7.18 
7 15 60 46.76 56.36 20.00 18.31 6.5 7.00 
8 9 60 38.60 25.45 48.57 55.44 6.6 5.45 
9 3 40 16.02 32.65 53.93 22.31 6.2 4.05 

10 9 40 36.26 28.57 92.97 63.44 6.8 5.76 
11 3 60 49.87 25.45 14.28 50.49 5.9 3.99 
12 9 40 31.56 22.44 48.31 31.98 7.5 5.71 
13 9 40 39.27 32.65 67.41 61.55 7.0 6.44 

 
The change in TSS removal is seen in the color 

difference (Fig. 1(c)). The red indicates the highest TSS 
decrease response rate (93.49%) at 9 days and 20% waste, 
while the blue shows the lowest TSS decrease (14.28%) at 
3 days and 60% waste (Table 1). High TSS has an effect on 
increasing turbidity. This will inhibit the penetration of 
sunlight into the waters and ultimately affect 
photosynthesis [41]. TSS shows the number of substances 
suspended in water. C. zizanioides can reduce TSS since 
the root might be a place of attachment for suspended 
solids. The higher the plant biomass, the more the fibrous 
roots and the more colloids that stick to those roots [42]. 

Removal percentage of COD, BOD and TSS 
increased likely because of organic substance 
decomposition and the process of photosynthesis of 
plants that produce sufficient oxygen supply for 
microorganisms, rhizosphere to degrade waste more 
effectively. The process of photosynthesis in C. 
zizanioides allows the release of oxygen into the air and 
then diffused into the water around root (rhizosphere). 
The condition of the rhizosphere zone rich in oxygen 
causes the development of aerobic bacteria to decompose 
the organic compounds, thereby decreasing the 
concentration of COD, BOD, and TSS. Some of the 
organic compounds have been decomposed into other 
simpler compounds, then absorbed by plants for 
metabolic processes [1]. 

Removal of turbidity occurred from 18.31% (15 days, 

60% waste) to 93.65% (15 days, 20% waste) (Table 2). 
The blue indicates the lowest response and the red 
indicates the highest response (Fig. 1(d)). Turbidity 
occurs due to the suspended material in the form of 
colloids and fine particles. Suspended solids are 
positively correlated with turbidity [40], the higher the 
suspended solids, the higher the turbidity. 

DO on tofu liquid waste prior to treatment was 4.3 
mg/L. The process of organic matter decomposition 
affects the decrease of DO. If the available oxygen is not 
sufficient then the decomposition process will occur 
anaerobically. DO ranged 5.9–7.5 mg/L (Table 2). High 
photosynthetic activity increased DO. The change in the 
DO response is seen in the color difference (Fig. 1(e)). 

The pH of unprocessed tofu liquid waste was 4.45, 
below the quality standard (6–9). Optimum pH for 
water plant growth is ≤ 7 [43]. For aquatic plants, pH has 
an effect on metabolism and the absorption of nutrients 
and carbon [44]. pH affects the rate of decomposition of 
organic matter [45]. The pH ranged from 3.99 to 7.35 
(Table 2) (Fig. 1(f)). 

CCD method has a higher predictor of quality than 
other methods. This method has the advantage of 
shortening the optimization research duration [46]. The 
response values of optimum conditions analyzed by 
Design Expert 7.0 is presented in Table 3. The optimum 
condition occurred at 15 days and waste concentration 
of 20% which could decrease COD up to 55.48%, BOD  
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Table 3. Response value at optimum condition 
Factor Response 

A (days) B (waste %) COD (%) BOD (%) TSS (%) Turbidity (%) DO pH 
15 20 55.48 37.86 93.51 87.86 7.2 7.2 

A: Duration; B: Waste concentration 
 
up to 37.86%, TSS up to 93.51%, turbidity up to 87.86%, 
increase DO up to 7.2 and an increase of pH up to 7.2. 

The capability of C. zizanioides in improving the 
water quality of oil-contaminated water was investigated 
by [23] in which six pot plants during 4 weeks of 
experiment could reduce the oil content of 91.39%, 
84.60% COD, and 84.25% BOD. 

■ CONCLUSION 

The optimum condition of tofu liquid waste 
treatment using C. zizanioides (L) was 15 days with 20% 
waste concentration which could decrease COD 
(55.48%), BOD (37.86%), TSS (93.51%), Turbidity 
(87.86%), increase DO to 7.2 and increase pH to 7.2. C. 
zizanioides can be used in improving the quality of tofu 
production wastewater as long as a sufficient duration 
time is applied. 
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