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Abstract 

Sodium benzoate is a preservative compounds which are widely used for both food and beverage prod-

ucts. The treatment of waste water containing this compound was normally conducted in a anaerobic 

digestion (AD) using a batch reactor system at a room temperature. The anaerobic process eventually 

produced biogas which can be used for bioenergy. This research was aimed to evaluate the production 

of biogas from by synthetic solution models containing sodium benzoate (SB). The experiment was per-

formed in a variation of Mixed Liquor Suspended Solid (MLSS) of 4.8 and 7.2 g/L, and initial sodium 

benzoate concentration of 400, 600, and 800 mg/L. The digestion was performed at 60 days, while the 

biogas content was measured every 2 days. The results indicated a reduction in the cumulative biogas 

by the addition of sodium benzoate, compared to the control condition. Moreover, the decrease in 

organic loading rate (OLR) of SB in wastewater follows the first order kinetic with kinetic rate con-

stant (k) was 0.0432 to 0.1254 (day−1) for MLSS of 4.8 g/L and 0.0276 to 0.0372 (day−1) for 7.2 g/L 

MLSS. Copyright © 2020 BCREC Group. All rights reserved 
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Research Article 

1. Introduction 

Anaerobic digestion (AD) is the most suitable 

treatment for extremely polluted organic 

wastewater (over 4000 mg/L biodegradable 

COD) and is therefore appropriate for industrial 

effluent due to the high Chemical Oxygen 

Demand (COD), energy generation potential 

and minimal sludge production [1]. This com-
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plex biochemical degradation reaction requires 

several microorganisms and little or no oxygen. 

In addition, hydrolysis, acidification, acetogene-

sis and methanogenesis occur simultaneously to 

produce biogas (a mixture containing 40−70% 

CH4 and CO2) as the final product. This process 

is very efficient in removing organic substances, 

generates little residue (10% of COD content) 

and is as a result, a promising sustainable eco-

nomical technology [2,3]. Also, there is a current 

rise in fascination with AD, particularly in bio-

reactor development technology, for application 

in the production of bio-fuel from solid waste. 
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Therefore, the generation of renewable energy 

from refuse and sewage is considered a nation-

al strategy for power management [4].  

Anaerobic digestion requires certain envi-

ronmental conditions to generate optimum 

yield and any chemical substances present may 

hinder this process. One of the condition is the 

existence of inhibitor include certain acids 

(especially benzoic acid), bases, strong oxidizing 

or reducing agents as well as halogens and 

their salts [5].  

According to Kiel et al. [6], benzoic acid is an 

essential starting material for synthesizing 

various products in the chemical industry in-

cluding food preservatives, artificial flavors and 

insect repellent. Also, sodium benzoate, the de-

rivative salt is popularly used to increase the 

food and beverage shelf-life by eliminating mi-

cro-organism growth [7,8,9]. SB is a salt of 

benzoic acid which is effective to attack 

wide range of bacterial and also to inhibit the 

growth of yeast and mold [10]. Benzoic acid is 

one of the effluents of agro-industrial and food 

processing activities. This substance is classi-

fied as low biodegradability and increased tox-

icity [11]. In the Terephthalic acid (TPA) manu-

facturing contributes high COD content up to 

75% [12]. Benzoic acid accumulation in 

wastewater occurs due to of its production and 

application. This wastewater is potential to de-

teriorate the ecosystem and human health, 

treatment of this wastewater is an obligation 

before discharging into receiving water bodies. 

How to treat or remove the benzoic acid content 

in the wastewater is still a big challenge [13]. 

Wang et al. [14] disclosed anaerobic diges-

tion as an effective approach towards the treat-

ment of phenolic wastewater and SB is the der-

ivation of phenolic substance [15]. Therefore, 

this study aims to discover the salt’s influence 

on AD. The AD process utilizes an activated 

sludge to degrade SB, activated sludge plays an 

important role in the decomposition process, 

and operated under a batch concentration sys-

tem with SB. Also, the reaction’s completion is 

indicated by biogas formation. Hence, the ex-

periment was conducted over sixty days and 

the biofuel produced was measured every two 

days and the synthesis’ kinetic model was also 

studied. 

 

2. Materials and Methods 

2.1 Materials 

SB was obtained of Sigma-Aldrich Corp 

(purity >98%). To set up the pH into pH of ex-

periments used sodium hydroxide or hydrochlo-

ric acid which obtained from the local chemical 

store. Sucrose obtained from food store and ac-

tivated sludge was from wastewater plant of 

anaerobic system and located at the Lamper-

Tengah, Semarang, Central Java, Indonesia. 

This plant treated wastewater of the central-

ized wastewater treatment of tofu small-scale 

industry. 

The anaerobic sludge for acclimatization 

was introduced with 5 g/L of sucrose, while N, 

P nutrient were provided daily for a period of 2 

months. The sludge was measured the concen-

tration of Mixed Liquor Suspended Solid 

(MLSS), the MLSS designed for experiment 

was 12 g/L by setting the water content [8]. 

 

2.2 Acclimatization of Activated Sludge. 

The Centralized Wastewater Treatment 

Plant in Lamper Tengah, Semarang, manages 

wastewater for small-scale tofu industries and 

generates the anaerobic sludge used in this 

study. A Water sampler was used to take acti-

vated sludge in the bottom of the anaerobic 

tank. The sample was collected in a plastic 

tank and conveyed to the laboratory. The an-

aerobic sludge was acclimatized in the tank 

and set at pH between 7.0−7.5. The anaerobic 

sludge was acclimatized in the tank and set at 

pH between 7.0-7.5 by using aqueous solution 

of sodium hydroxide or hydrochloric acid de-

pending on the nature of the circumstance of 

acid or base. 

 

2.3 Experimental Set-up 

Batch system was conducted in bottles con-

taining activated sludge and SB solution mixed 

at various compositions (Table 1). The anaero-

bic reactors were designed for batch system 

and the reaction was performed local room 

temperature (31−33 °C), at room temperature. 

In addition, liquid displacement method was 

adopted to measure biogas production during 

the digestion. Syaichurrozi et al. [16] reported 

the method as often exploited by previous re-

% volume 
Concentration 

of SB (mg/L) activated 

sludge 

SB 

solution 

0 100 

400, 600, and 800 
40 60 

60 40 

100 0 

Table 1. Variation of activated sludge and SB 

solution (Activated sludge: 12 g/L). 
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searchers. The measurements were collected by 

connecting the digester to a gas collector with a 

gradual cylindrical glass, and the channel ter-

minal was immersed in water to ensure com-

plete sealing. Therefore, biogas yield was col-

lected by the downward displacement of water. 

 

2.4 Experimental Design 

Table 1 shows the experiment variables, and 

the COD of SB solution was analyzed according 

to the procedures recommended by APHA [17] 

in the Standard methods for examining water 

and waste water. Control condition was con-

ducted to the research by set up the system of 

100% of activated sludge and 0% (100% SB).  

 

2.5 Experimental Procedures 

AD process adopted in the biogas formation 

was used to investigate the effect of SB sub-

stance in the anaerobic system. Therefore, the 

ratio of SB substrate-activated sludge was var-

ied in the system to assess the variations in 

mixture substrate composition. This was calcu-

lated based on the sludge percent volume ratio 

against the SB solution (0%, 20%, 40%, 60%, 

80%, and 100% volume). The system pH was 

set at 7.0−7.5, using a 2 N NaOH solution, 

while the technical-grade was used to prepare 

NaOH solution. 

The anaerobic reactor was operated in a 

batch system. The plastic bottle volume for ex-

periment was 2 L. The bottles of polyethylene 

were made as anaerobic reactors. These bottle 

reactors have been plugged with rubber plug 

and equipped with valve to measure biogas 

production. Therefore, the digestion process 

was conducted for 60 days, while the degrada-

tion duration was proposed with reference to 

previous researchers on biogas production 

[18,19]. The quantity formed during digestion 

was measured every two days, using water dis-

placement method, and each medium was 

stirred manually for one minute daily. 

 

3. Results and Discussions 

3.1 Organic Loading Rate (OLR) 

The SB (mg/L) concentration was converted 

to mg COD/L in order to indicate the variables’ 

organic loading rate (OLR). Therefore, pure SB 

was analyzed by dissolving 1 g into 1L distilled 

water. Subsequently, the COD content was 

evaluated, and the triple sample results indi-

cate a relation of 1,000 mg/L SB, equivalent to 

1,658.77 mg COD/L. The OLR for batch system 

was calculated with the following equation: 

 

(1) 

 

where OLR is the Organic Loading Rate, V is 

the volume of SB (mL), C is the concentration 

(mg COD/L), and VT is the total volume (mL). 

Also, Table 1 is then written as Table 2 under 

this circumstance. 

Concentration 

of MLSS (g/L) 

Volume activated 

sludge (mL) 

Volume of SB 

solution (mL) 

Result 

SB 

concentration 

(mg/L) 

OLR 

(g COD/L) 

Cumulative biogas 

(mL) 

0 0 2000 - - 0 

4.8 800 1200 400 0.398 59.6 

      600 0.597 43.4 

      800 0.796 22.0 

7.2 1200 800 400 0.265 96.4 

      600 0.398 61.8 

      800 0.531 49.6 

12 2000 0 (control) - - 395 

Table 2. MLSS, OLR and accumulation of biogas production. 

Figure 1. Cumulative of biogas production for 

various OLR and of activated sludge only (12 g/L). 

T

V C
OLR

V


=
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3.2 Biogas Production 

Figure 1 shows cumulative biogas produc-

tion of OLR function for various concentration 

of SB (400 to 800 mg/L). The starting point is 

the control point (OLR:0), i.e. the reactor con-

tains only activated sludge without the addi-

tion of SB. Biogas production is highly depend-

ent on OLR value, the higher the OLR value, 

the resulting biogas will be reduced. If the con-

centration of SB increases then OLR also in-

creases, the results show the cumulative biogas 

production will be lower. OLR values will in-

crease at SB concentrations of 400, 600, and 

800 mg/L and biogas shows lower yields, for SB 

400 mg/L with OLR of 0.398 and 0.265 g 

COD/L resulted cumulative biogas of 59.6 and 

96.4 mL), SB 600 mg/L with OLR of 0.597 and 

0.398 g COD/L resulted cumulative biogas of 

43.4 and 61.8 mL), and SB 800 mg/L with OLR 

of 0.796 and 0.531 g COD/L resulted cumula-

tive biogas of 22.0 and 49.6 mL). 

In AD process, increasing OLR of organic 

substances will significantly produce amount of 

biogas, the bacteria to produce methane de-

pends on the availability of organic acids and 

also bacteria of acid and acetate to produce hy-

drogen [20]. The function of SB as a preserva-

tive substance is to prevent the growth of mi-

croorganisms [21]. Increasing the SB will in-

crease the substance to inhibit the growth of 

microorganisms. Furthermore, the biogas pro-

duction decreased with more SB solution in the 

digester.  

For batch system with 100% of SB solution, 

the biogas has no produced. This is because the 

properties of SB as preservative materials to 

maintain the food product stay longer period by 

prevent the growth of microorganisms [22]. SB 

in the activated sludge will suppress the 

growth of microorganisms and will reduce the 

activity to degrade the organic substances. 

Figure 2 shows control conditions for 100% 

activated sludge (MLSS:12 g/L) and 0% (100% 

SB). Activated sludge condition of 0% (100% 

SB) does not produce biogas during 60-day ob-

servations while for activated sludge 100% pro-

duces biogas such as Figure 2. On the curve 

shows that in the first 10 days anaerobic diges-

tion produces high biogas. This was due to en-

trapped air which can be utilized by microor-

ganisms in the reactor [23]. At the first 10 days 

digestion, the biogas production was high. For-

mation of biogas started after inoculation and 

increase until achieved the peak [24]. Usually, 

the formation of methane was followed by re-

duction of pH, range pH of methanogenic pro-

cess were found to lie within (6.5–8). 

Figure 3 (a) and (b) indicated the yield of bi-

ogas of MLSS of 4.8 g/L and 7.2 g/L with vari-

ous value of OLR in the system. SB in the wa-

ter will be found in the form of benzoic acid. 
Figure 2. Cumulative of biogas production of 

activated sludge only (12 g/L). 

Figure 3. Cumulative of biogas production with MLSS concentrations of (a) 4.8 g/L and (b) 7.2 g/L. 
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Benzoic acid in the AD process will degrade 

through ring fission and acetogenesis to form 3 

Acetate + CO2 + 3 H2, and further process via 

methanogenesis will be obtained CH4 and CO2 

[25]. The cumulative of the system with MLSS 

of 4.8 g/L for various OLR (0.398, 0.597 and 

0.796 g COD/L) and MLSS of 7.2 g/L for vari-

ous OLR (0.265, 0.398 and 0.531 g COD/L) ob-

tained cumulative of biogas production was 

lower than in system that only 100% MLSS. 

This indicated that the effect of the SB inter-

fere to the batch anaerobically reactor. 

Figure 3 (a) for MLSS of 4.8 g/L shown the 

fast response of microorganisms in the anaero-

bic system to the substrates. During 4-6 days of 

digestion, the cumulative of biogas formation 

results almost similar. After 6 days digestion, 

the formation of biogas follows as the organic 

load. Low organic load of SB will produce bio-

gas greater than those which have higher or-

ganic load. OLR of 0.398 g COD/L has higher 

biogas production than OLR of 0.597 and 0.796 

g COD/L, respectively. The cumulative biogas 

production of 0.398 g COD/L increased until 60 

days observation while the production pattern 

of biogas was similar for OLR of 0.597 g 

COD/L. Both these OLR (0.396 and 0.597 g 

COD/L) until 60 days digestion haven’t indicat-

ed the digestion was complete because the 

curve was still increase even though with low 

production. While for OLR of 0.796 g COD/L in-

dicated that at the day of 24 days and further 

resulted the constant curve and it indicated 

that there was no formation of biogas in this 

condition. 

Comparison to the batch system for fully ac-

tivated sludge, for MLSS of 4.8 g/L the cumula-

tive biogas production dropped significantly 

from 395 mL to 59.6 mL, 43.4 mL and 22 mL. 

The SB solution interfere the production biogas 

through the elimination of the microorganisms 

or reduce the activity the microorganisms to 

degrade organic substances [21,22]. Increasing 

the OLR will affect to the reduction of for-

mation of biogas because higher OLR required 

significant amount of microorganisms to over-

come. 

While for Figure 3 (b) for MLSS of 7.2 g/L 

with OLR of 0.265, 0.398, and 0.531 g COD/L 

resulted that the cumulative of biogas produc-

tion higher than for MLSS of 4.8 g/L. Increas-

ing the MLSS of activated sludge improved the 

degree of biogas production. Three curves for 

different OLR shown that until 60 days were 

higher than of MLSS of 4.8 g/L, those curves al-

so indicated that the cumulative biogas produc-

tion haven’t achieved the constant value which 

occurred due to the completion of degradation 

and the cumulative biogas production of from 

high to low production follow the OLR of 0.265 

> 0.398 > 0.531 g COD/L. 

Comparison of Figure 2 and Figures 3(a) 

and (b) indicated the curve profile of different 

condition between without and with SB, and 

based on the curves shown that significant re-

duction of biogas production with the treat-

ment of SB. SB which broadly used as preserv-

ative material of variety product of foods and 

beverages. It is usually effective to prevent or 

inhibit the growth of microorganisms (mold 

and yeast) and attacks a wide range of bacteria 

[10,26]. Researchers have been investigate the 

effect of the SB as chemical preservative both 

to human and microbial.  The effect of the addi-

tion SB in the system was reduce the amount 

of microorganisms or reduce the rate of biogas 

formation. Application of SB as preservative 

material is still doubtful and various research 

conducted the effect of SB to the human and 

microbial are intensively investigated.  

There was evidence that addition the SB to 

the system caused reduction of the biogas pro-

duction. In the batch system of AD, application 

of SB as preservative material reported that 

the negative effect of preservative material 

(SB) gradually increases with the exposure 

time. Experiment to the human activity of en-

doproteinases which in contact with a preserv-

ative indicate negative effect of food preserva-

tive at the molecular level of organisms [27]. 

Study to utilize SB as washing solution of post-

harvest tomatoes in order to decontaminate of 

bacterial pathogens obtained that SB effective-

ly reduced the background of yeast and molds 

without change the color [28]. Intensive experi-

ment using zebrafish larva of SB to the effect 

of  larva growth appeared the abnormality of 

growth and test of LC50 with approximately 

400 ppm for 48 hours of SB exposure induced 

toxicity [22], in soymilk samples was found 

able to prevent the growth of food borne micro-

organisms [29], SB killed E. coli and Staphylo-

coccus aureus after preserve for 2 and 24 hours 

treatment [30], applied to preserve in the juice 

of fruit able to decrease the load of microbial 

[31] has disadvantage to the cell damage [32]. 

 

3.3 Kinetic Study 

The performance of batch anaerobic diges-

tion process can be used to predict the comple-

tion of the anaerobic process (hydrolysis, acido-

genesis, acetogenesis, and methanogenesis) 

and it can be measured through kinetic stud-

ies. Study of kinetic has also given beneficiary 

to help the understanding of mechanisms of in-
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hibitory degradation. The simplest model for 

kinetic model is the first-order kinetic model, it 

can be applied to explain the degradation of 

complex substrate in anaerobic digestion and 

also the simplest model for stable process un-

der practical conditions. The first-order kinetic 

model was used to the availability of substrate 

limiting factor [23]. The first-order kinetic 

equation is: 

 

(2) 

 

where  dC/dt is the reduction of the substrate 

concentration, k is the rate constant of first-

order substrate utilization (time−1), and C is 

the biodegradable substrate concentration 

(mg/L). Equation (2) can be integrated with 

limiting value resulted: 

(3) 

 

where C0 is initial substrate concentration 

(mg/L). The biogas production in the batch sys-

tem can be correlated to the concentration of 

the biodegradable substrate and the equation 

become: 

 

(4) 

where G∞ is the ultimate biogas production. 

Equation (2) and (3) can be combined and inte-

grated for model of first-order kinetic and this 

gives a correlation between the biogas produc-

tion and time required for degradation. 

 

(5) 

 

In this relation, k is the constant rate of first-

order biogas production. The further solution of 

the equation (5) is: 

 

(6) 

 

This is the straight line curve if plotting the 

data of ln (G∞/(G∞−G) versus t. The slope is 

equal to k with setting up the intercept of zero 

(it is assumed that there is no biogas formation 

at the time of zero). The value of G∞ is consid-

ered equal to the cumulative biogas production 

at the end of each experiment. The value of the 

Concentration of 

MLSS (g/L) 

Volume of SB 

solution (mL) 

SB concentration 

(mg/L) 

OLR 

(g COD/L) 

Kinetics 

G∞ (mL) k (day-1) R2 

0 2000 (control) - - - - - 

4.8 1200 400 0.398 63 0.0432 0.966 

    600 0.597 45 0.0487 0.969 

    800 0.796 22 0.1254 0.980 

7.2 800 400 0.265 103 0.0377 0.963 

    600 0.398 71 0.0276 0.955 

    800 0.531 54 0.0372 0.977 

12 0 (control) - 0 404 0.0569 0.958 

Table 3. Kinetic study of anaerobic digestion process of batch system. 

Figure 4. (a) Example plot for determination of kinetic constant (k) and (b) comparison yield of biogas 

of experiment and model. 

dC
kC

dt
= −

0
ktC C e−=

0

G G C

G C





−
=

( )1 ktG G e−= −

ln
G

kt
G G





 
= 

− 
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G∞ is can be calculated by Excel program and 

the straight line is the value of k. The result of 

this experiment shown in the Table 3 and Fig-

ures 4 (a) and (b). 

The cumulative biogas production at the 

MLSS of 4.8 g/L and 7.2 g/L at the room tem-

perature, the value of the rate of constant of 

first-order kinetic, the value of G∞ and regres-

sion coefficients (R2) with the model described 

in Equation (4) shown in Table 3, Figures 4 (a) 

and (b) indicated an example plot for determi-

nation of kinetic constant (k) and comparison 

yield of biogas of experiment and model (b). 

The value of G∞ decreased with increased of 

OLR both for MLSS of 4.8 and 7.2 g/L, while 

the value k increased due to increase of OLR. 

The data of experiments indicated the high sig-

nificant to the regression coefficients with the 

value of R2 almost greater than 95%. Figure 4 

(a) indicated the example of calculation of k   

using linearization method and Figure 4 (b) 

shown between the value of experiments and 

predicted data [23,20]. The value of k at MLSS 

of 4.8 g/L was 0.0432 to 0.1254 (day−1) and for 

MLSS of 7.2 g/L was 0.0276 to 0.0372 (day−1) 

while k obtained of Beevi [23] was 0.0249 

(day−1). 

 

4. Conclusion 

The result of the study focused on the batch 

digester of anaerobic process under room tem-

perature condition. Control variable with 

activated sludge of 100% and 0% (100% SB) 

used to evaluate the effect of SB in the system. 

There is no biogas for activated sludge 0% 

(100% SB). The effect of SB on anaerobic sys-

tems indicates an influence on biogas produc-

tion, there is a siginificant reduction of biogas 

production if compared with the control 

condition of 100% of activated sludge. In-

creased SB levels indicated by higher OLR val-

ues result in lower biogas. Observations for 60 

days showed that biogas production is still not 

finished because it still shows an increase in 

biogas production even though it is small. The 

value of k mostly increased with the elevated 

OLR while the value of G∞ decreased with in-

creasing the OLR. The regression coefficient 

with R2 greater than 0.95 indicated that the 

model of first-order kinetic was suitable for the 

data. 
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