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ABSTRACT 

Anaerobic digestion is a well-known biological treatment process. It uses less energy, consumes fewer nutrients, converts 

organic pollutants into methane gas, and produces a small quantity of biomass. The interactions among the various microbes in 

this complex biological system are poorly understood, and as a consequence, mathematical models are inadequate. This review 

discusses the principles of biokinetic models published in the literature on anaerobic fermentation as part of the anaerobic 

digestion process for waste activated sludge. Biokinetic models for anaerobic fermentation have been developed to predict cell 

growth, substrate consumption, and gas production throughout the process. We explore how the hydrolysis stage, which is a 

multi-step process that involves the breakdown of carbohydrates, proteins, and lipids, may be included in current biokinetic 

models. Because there is no single analytical method for accurately determining the biokinetics of anaerobic fermentation of 

waste activated sludge, the incorporation of hydrolysis parameters and inhibition effects are proposed to improve the estimated 

trends of process variables as a function of the design variables.   

 

Keywords: anaerobic fermentation, hydrolysis, inhibition, waste activated sludge  

 

 
 

 

ɛ Maximum specific growth rate of a microorganism  

 (dī1) 

ɛmax Maximum specific growth rate of a microorganism  

 (dī1) 

ɗ Temperature factor 

 

1. Introduction 

Anaerobic digestion is a well-known biological wastewater 

treatment process that has evolved into the most often used 

method of sludge stabilization. Being commonly utilized to treat 

manure, domestic wastewater, and industrial wastewater [1], 

this complex and multistep process consists of series and 

parallel reactions such as a) hydrolysis of complex particulate 

organic matter, b) fermentation of amino acids and sugars, c) 

anaerobic oxidation of long-chain fatty acids and alcohols, d) 

anaerobic oxidation of intermediary products, (e) acetate 

production from carbon dioxide and hydrogen, and f) 

conversion of acetate to methane [2]. In comparison to the 

aerobic process, anaerobic digestion consumes less energy for 

aeration, requires fewer nutrients, transforms organic 

contaminants into methane gas, and generates a small amount of 

biomass [3]. 

Anaerobic fermentation is an anaerobic process that 

depicts an organism's active metabolism without oxygen. While 

anaerobes may thrive in less-than-optimal conditions and have 

been exploited in a range of key industrial sectors, their role in 

mixed microbial culture processes complicates the study and 

modeling [4]. Anaerobic microbial communities are often 

unstable, fluctuating in response to environmental changes, 

Incorporating the inhibition effect and hydrolysis kinetics into the mathematical 

model of waste activated sludge anaerobic fermentation 
Allen Kurniawana,*, Mark L. Sibagb 
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Abbreviation 
 

f  Inhibition factor 

I pH factor 

k  Hydrolyzed substrate transport rate coefficient  

 (L gī1 dī1) 

Kh  Substrate hydrolysis rate coefficient (dī1) 

Ki Inhibitory constant required to produce half  

 maximum inhibition (g Lī1) 

KS  Half-saturation constant with respect to hydrolyzed  

 substrate (g Lī1) 

P Product inhibition concentration (g Lī1) 

Pm Maximum product inhibition concentration (g Lī1) 

pHmax pH maximum for most bacteria ranges 

pHmin pH minimum for most bacteria ranges 

Sg  Concentration of hydrolyzed substrate intracellular  

 cell (g Lī1) 

Sh  Concentration of hydrolyzed substrate (g Lī1) 

S0-i  Substrate concentration in the influent (g Lī1) 

Si  Substrate concentration in the effluent (g Lī1) 

T The operation temperature (ęC)  

Tmax The upper temperature (ęC)  

Tmin The lower temperature (ęC)  

Topt The temperature at which the maximum specific  

 growth rate equals its optimal value  

(ęC) 

X  Concentration of active cell biomass (g Lī1) 

X0 Initial concentration of active cell biomass (g Lī1) 

Y Biomass yield coefficient (g gī1) 

*Corresponding author  

Email address: allenkurniawan@apps.ipb.ac.id  

IRJIEST 6 (2020) 01-07 

Available online at http://irjiest.batstate -u.edu.ph/  

https://app.readcube.com/library/8b5a1f73-637b-4bc2-8d52-1eddaa8073b2/all?uuid=9675827746157283&item_ids=8b5a1f73-637b-4bc2-8d52-1eddaa8073b2:92338d9e-14c5-45bc-bd61-77c2424d8742
https://app.readcube.com/library/8b5a1f73-637b-4bc2-8d52-1eddaa8073b2/all?uuid=3812084432644881&item_ids=8b5a1f73-637b-4bc2-8d52-1eddaa8073b2:fddc282a-b53b-43a5-9455-b90eaeadff6c
https://app.readcube.com/library/8b5a1f73-637b-4bc2-8d52-1eddaa8073b2/all?uuid=1818048783019225&item_ids=8b5a1f73-637b-4bc2-8d52-1eddaa8073b2:20890af4-e6b2-4f3c-a36c-3bda7ad37c1f
https://app.readcube.com/library/8b5a1f73-637b-4bc2-8d52-1eddaa8073b2/all?uuid=0019382622977497377&item_ids=8b5a1f73-637b-4bc2-8d52-1eddaa8073b2:dc3161d7-a9a3-4143-b800-c233384fdc68
http://irjiest.batstate-u.edu.ph


 

  

 nutrient availability, and organic loading [4,5]. Consequently, 

the culture and manipulation of purely anaerobic bacteria 

require specialized knowledge and rigorous methodologies 

[4].   

It has been difficult to properly estimate the available 

biokinetic information in the anaerobic fermentation model, 

which is used as a logical foundation for process analysis, 

control, and design. Enzymes and catabolic pathways 

undergo several sequential reactions during fermentation, 

which may be biochemical or physicochemical in origin and 

with varying concentrations [6]. The interactions among the 

many microorganisms in these complex systems are not well 

understood, and as a result, mathematical models are lacking 

[5]. 

Biokinetic models for anaerobic fermentation have been 

created to predict cell growth, substrate consumption, and gas 

generation in the process. In addition to the straightforward 

model of methanogenesis, special attention was given to 

descriptions of the final step of anaerobic fermentation, 

despite the fact that some of the biokinetics models of 

acidogenesis and acetogenesis have been thoroughly 

reviewed [1]. These models help to understand the entire 

process by combining microbial growth rates with substrate 

and biomass concentrations. In the complex of Anaerobic 

Digestion Model No. 1 (ADM1), biochemical processes and 

physicochemical processes are decomposed into multi-

equations of biochemical kinetics and mass transfer. Several 

kinetic coefficients are taken from previous research which 

affects the accuracy of data prediction. Thus, each biokinetic 

variable requires an independent approach based on the 

existing processing simulation results by using simple growth 

kinetic models and utilization rate. 

One of the biokinetic models in anaerobic processes is 

based on the phases of changing complex organic material 

substances into simple compounds through the processes of 

hydrolysis, acidogenesis, acetogenesis, and methanogenesis. 

The hydrolysis model remains an exclusive, rate-determining 

step, and relatively simplistic model [7]. Hydrolysis 

biokinetics is more often estimated using first-order 

biokinetics than microbial growth biokinetics. The hydrolysis 

stage is a multi-step process that includes the breakdown of 

carbohydrates, proteins, and lipids. Hence, there is no single 

analytical method to accurately derive the microbial growth 

biokinetics as it may also include multiple enzyme 

production, diffusion, adsorption, reaction, and enzyme 

deactivation steps [8]. While the first order biokinetics was 

not directly related to microbial growth, a high hydrolysis 

rate showed some real influence on biomass concentration in 

anaerobic biodegradability experiments using a high 

inoculum-to-substrate ratio [8,9]. Consequently, the first 

order biokinetics is not applicable in all circumstances to 

estimate accurate hydrolysis parameters. 

 The current mathematical models of anaerobic 

fermentation are discussed in this work. It also gives some 

insight into the development and validation of these 

mathematical models, which are based on the biokinetics of 

microbial growth in anaerobic fermentation. The model 

components, which include the dynamic active cell biomass 

concentration and dynamic material balance of microbial 

growth rate expressions, as well as the inclusion of hydrolysis 

parameters and inhibitory effects, are also discussed in more 

detail. The inhibitory effects are comprised of two of the 

most prevalent environmental parameters impacting 

anaerobic fermentation, pH and temperature, as well as 

ammonia, which is a significant inhibitory product in 

anaerobic fermentation. 

 

2. Biokinetics of microbial growth 
The concept of biokinetics of microbial growth has been 

dominated by an empirical model initially developed by 

Monod [10]. The Monod equation introduces a concept that 

limits the substrate of growth as follows,     , and is 

depicted in Figure 1. The Õmax and KS parameters are 

fundamental to the cell-substrate system. The Õ increases 

rapidly in the presence of low substrate concentrations and 

slowly in the presence of large substrate concentrations 

[11,12]. KS values are typically extremely low, measured in 

mg L-1 for carbohydrate substrates and in g L-1 for other 

substances like amino acids [13]. The growth rates that 

constrain the substrate in mixed media are often much larger 

than KS . As a result, the growth rate has no influence on the 

substrate concentration until Sh becomes extremely low.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The relationship between the specific growth rate 

and the concentration of growth-limiting substrate in cell 

culture [10].  

 

KS is a factor that influences a cell's affinity for a 

substrate. If microbial cells exhibit a high affinity, as 

indicated by a low KS value, they also need a low activation 

energy to thrive.  When microorganisms are grown at 

concentrations below the KS, the Õmax will not be reached. 

When microorganisms are grown at concentrations above the 

KS, any substrate provided will not augment the Õmax . As a 

result, the microorganisms' growth substrate should be equal 

to or greater than the value of KS.  

 

3. Comparison of different microbial growth 

biokinetic model 

The Monod model is accurate when applied with pure 

cultures and simple substrates [10]. This model, however, is 

not appropriate for mixed cultures or complicated substrates 

[11]. However, several different methods for predicting 

biodegradation biokinetics that is proportional to the 
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concentration of the growth-limiting substrate are shown in 

Table 1. These models, which include Monod [10], could be 

used to predict biokinetic parameters for both single 

anaerobic fermentation and anaerobic fermentation combined 

with other unit configurations. Tessier model (Eq. 1) for 

growth represent a more complicated algebraic solution than 

the Monod rate equation. The growth rate of Tessier model is 

very sensitive to a low substrate concentration [15]. The 

Contois model (Eq. 3) is somehow similar to the Monod rate, 

except it has a Michaelis constant that is proportional to the 

biomass concentration (X). Ming model (Eq. 4) represents the 

Moser model when the substrate exponential factor is 

equivalent to a value of 2. Sokol Howell model (Eq. 2) 

obtains for the same initial substrate concentration, greater 

values of specific growth rate for younger inoculum exposed 

to lower substrate concentration. 

Microorganisms' growth and reproduction can be 

impeded by high substrate and product concentrations 

[11,16]. In mixed microbial cultures, suppression of both 

products and substrates may have comparable effects and are 

interrelated [11]. When a substrate acts as a barrier to its own 

biodegradation, the original Monod model becomes 

particularly undesirable. In this situation, a correction for 

substrate inhibition may be incorporated into the Monod 

derivative by including an inhibitory constant, Ki, to 

accurately characterize the growth-related biokinetics [17]. 

Product inhibition has comparable repercussions to 

substrate inhibition. The buildup of end products leads to a 

steady decline in the rate of specific growth and product 

synthesis [16]. The growth model expressions must be 

expanded to encompass product concentrations P when the 

presence of inhibitory products compromises cell growth. 

Table 2 shows the growth biokinetic models that are based on 

the concentration of the substrate and the inhibition of the 

product. These models could be used to estimate biokinetic 

parameters for anaerobic fermentation. Hinshelwood model 

(Eq. 5) describes Monod rate correcting with product 

inhibition, while Aiba model (Eq. 6) relates to the term 

Monod rate correction which is applied using the 

concentration of the product. Ghose-Tyagi model (Eg. 7) 

gives the description of substrate and product inhibitions 

incorporating in Monod rate. Moreover, inhibition may be 

due to high product and substrate concentrations, the 

following model maybe useful for rate equation, which is 

very close to the Severly model (Eq. 8).  

4. Prospective model development on estimating 

biokinetic parameters for anaerobic 

fermentation of waste activated sludge 

 

Biokinetic parameters may be developed by including 

inhibitory effects and hydrolysis parameters on hydrolyzing 

substrates. To estimate biokinetic parameters, the Monod, 

Tessier, Sokol-Howell, Contois, Ming, Hinshelwood, Aiba, 

Ghose-Tyagi, and Severly models might be used as baseline 

models. Monod, Tessier, Sokol-Howell, Contois, and Ming 

are growth biokinetic models that incorporate parameters for 

cell growth rate, substrate uptake, and inhibitory variables 

such as temperature and pH. On the other hand, Hinshelwood, 

Aiba, Ghose-Tyagi, and Severly are growth biokinetic models 

that take into consideration characteristics such as cell growth 

rate, substrate consumption, inhibitor factors, and inhibitor 

products such as ammonia. 

Several steps are involved in the anaerobic fermentation 

of complex organics. The rate-limiting step approach may be 

used to explain the anaerobic fermentation process in general. 

The rate-limiting step is defined as the step that will lead to 

process failure in the presence of biokinetic stress [2]. In the 

context of continuous culture, biokinetic stress refers to the 

application of a steadily decreasing solids retention time until 

it falls below its limiting value, resulting in microorganism 

washout [20]. During anaerobic fermentation, the                        

rate-limiting phase in the overall process is dependent on the 

type of the substrate, the process design, the temperature, and 

the amount of substrate being fed into the system [21].  

The following points were taken into account in the 

development of the biokinetic model [22]. The microbes 

cannot gather complex chemicals without first hydrolyzing 

them into assimilable compounds, which is the primary 

source of growth and methane production for the 
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Table 1. Microbial growth biokinetic models depending on 

a substrate concentration [11,14,15].  

Biokinetic 

model 
Microbial growth rate equation  

Tessier  (1) 

Sokol-Howell   (2) 

Contois  (3) 

Ming  (4) 

Table 2. Biokinetic models of microbial growth in relation 

to substrate and product concentrations [15,16,18,19].  

Biokinetic 

model 
Microbial growth rate equation  

Hinshelwood   (5) 

Aiba  (6) 

Ghose-Tyagi   (7) 

Severly  (8) 
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 microorganisms. Hydrolyzed assimilable compounds are not 

rate-limiting in their transport into microorganisms. The 

entire process of anaerobic fermentation is carried out by a 

multi-culture complex that uses hydrolyzed assimilable 

compounds. The microbial components of this multi-culture 

complex communicate and behave spontaneously as a unit. 

Given these assumptions, the model's kinetic constants are 

much broader in scope and are complex. 

Anaerobic fermentation is described as a three-step 

process according to the biokinetic model, which includes a) 

extracellular hydrolysis of complex compounds into soluble 

assimilable substrates, b) transport of soluble assimilable 

substrates into cells, and c) utilization of assimilable 

substrates for the cell growth and product formation                   

[3,22ï25]. 

The complex organic compounds are hydrolyzed by 

extracellular enzymes (hydrolases) excreted by hydrolytic 

microorganisms [26]. A linear trend is used in the hydrolysis 

process to account for changes in concentration over time in 

the hydrolysable substrate such that  

 

 

 

The total of the intracellular and extracellular hydrolysis rate 

coefficients, Kh, in the conceptual model for the anaerobic 

digestion assuming there is no diffusional constraint for the 

transfer of solubilized material out of the damaged cell [2].  

Before it can be processed by microorganisms, complex 

organic material must be reduced to a solution that can be 

transferred across cell membranes [27]. Transport of a 

hydrolyzed substrate into the cell is considered directly to the 

concentration of the active biomass, X, and the difference in 

concentrations of the hydrolyzed substrate outside and inside 

the cells. The intracellular concentration of hydrolyzed 

substrate, Sg, is assumed to be negligible due to the rapid 

metabolism of the hydrolyzed substrate in the cells. The 

following relationship can be written as  

 

 

 

 

Eqs. (9) and (10) can be rearranged to determine the 

concentration of hydrolyzed substrate (Sh) by following the 

equation:  

 

 

 

 

The biomass synthesis yield (X) is defined as the ratio of 

biomass produced to substrate consumed, as given in the 

equation below. 

 

 

 

The Monod [10] and Michaelis-Menten [28] biokinetic 

models of bacterial growth were based on the relationship 

between a specific growth rate and a limited substrate 

concentration. To resolve the existing limitation in the 

Monod model, several useful unstructured biokinetic models 

had evolved for the projection of cell growth in biological 

wastewater treatment processes. These unstructured growth 

rate models are dependent on a) the concentration of the 

substrate (Monod, Tessier, Ming, Sokol-Howell), b) the 

concentration of the cell and/or the substrate (Contois), and c) 

the concentration of the substrate and product inhibition 

(Aiba, Hinshelwood, Ghose-Tyagi, Severly) [11,15]. The 

model equations have been interpreted empirically to 

demonstrate their relevance in modeling anaerobic 

fermentation biokinetics. 

The pH value has a significant effect on the degradation 

process [11], as the presence of ammonia, acclimation, 

sulfate, and volatile fatty acids (VFAs) results in acidity or 

alkalinity and hence defines the kind of microbes that live 

within the anaerobic reactor. The pH inhibition factor (I) is 

stated as follows [1,7],  

 

 

 

 

where pHmin and pHmax are two parameters that indicate pH 

values at which microbial activity is still present. The pHmin  

and pHmax were 6.5 and 8, respectively, since the pH optimum 

for most bacteria ranges from pH 3 to 8 [29]. 

Temperature is a critical element for microbial growth in 

anaerobic fermentation. The temperature has an effect on 

microbial activities by altering the nutritional needs, the type 

of metabolism, the content of the biomass, and the rate of 

reaction [30]. Due to the uncertainty and inapplicability of the 

Arrhenius equation for the particular parameters, the cardinal 

temperature model (CTM) might be presented to represent 

the temperature effect on the anaerobic process [11,31]. The 

CTM accounts for the experimentally observed point of 

inflection in the suboptimal range of temperatures [31]. The 

CTM temperature factor (ɗ) is stated as follows,  

where T is the operation temperature, Tmin and Tmax are the 

lower and upper temperatures when the growth rate does not 

occur, respectively, and Topt is the temperature at which the 

maximum specific growth rate equals its optimal value.  

By using Eqs. (11), (12), (13), and (14), Eqs. (1-10) can 

be arranged into Eqs. (15-23) to form the biokinetic models 

on the hydrolyzed substrate in anaerobic fermentation based 

on microbial growth rate (Table 3). In these biokinetic 

models, effluent substrate concentration, Si, is a function 

(dependent) of influent substrate concentration, Si-0 .  

Statistical analysis revealed that the chosen biokinetic 

models were capable of accurately predicting reactor 

behavior [12]. Monod's and other biokinetic models' 

mathematical expressions (Table 1 and Table 2) may be 

changed to include the influence of pH, temperature, and 

ammonia, resulting in models with combinations of inhibitor 

factor and product inhibition. Additionally, biokinetic models 

may be designed without considering the influence of pH, 

temperature, or ammonia. Both model configurations were 

compared in order to anticipate the process's optimal 

performance since the complexity of microbial activity is 
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cited as a primary cause for a lack of fundamental information 

about anaerobic fermentation systems [32].  

The effects of pH, temperature, and ammonia on chosen 

biokinetic models are summarized in Table 4. Monod, 

Tessier, Sokol-Howell, Contois, and Ming models might be 

used to estimate biokinetic parameters with and without the 

impact of pH, temperature, or pH-temperature; and existing 

biokinetic parameters without the influence of pH, 

temperature, or pH-temperature. On the other hand, 

Hinshelwood, Aiba, Ghose-Tyagi, and Severly could be 

utilized to estimate biokinetic parameters based on                   

ammonia, pH-ammonia, temperature-ammonia, and                      

pH-temperature-ammonia influences. 
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Table 3. Microbial growth biokinetic models on the hydrolyzed substrate in anaerobic fermentation. 

Biokinetic model (Eqs.) Microbial growth rate on the hydrolyzed substrate  

Monod  (15) 

Tessier  (16) 

Sokol-Howell  (17) 

Contois  (18) 

Ming  (19) 

Aiba  (20) 

Hinshelwood  (21) 

Ghose-Tyagi  (22) 

Severly  (23) 

f is the inhibition factor as follows: the influence of pH (f = I), the influence of temperature (f = ɗ), the influence of pH-ammonia (f = I), the influence of pH-

temperature (f = Iɗ), the influence of temperature-ammonia (f = ɗ), the influence pH-temperature-ammonia (f = Iɗ), the influence of ammonia and no influ-

ence of pH-temperature-ammonia (non-f or f is negligible). See Table 2 for selected influence effects.  

Table 4. Selected biokinetic models using the influence of pH, temperature, and ammonia.  

Variable input 
Biokinetic model 

Effect 
MOa TEb SHc COd MIe HIf AIg GTh SEi 

pH  I ω ω ω ω ω         

Ammonia P, Pm           ω ω ω ω 

Temperature ɗ ω ω ω ω ω         

pH-ammonia I, P, Pm           ω ω ω ω 

pH-temperature I, ɗ ω ω ω ω ω         

Temperature-ammonia ɗ, P, Pm           ω ω ω ω 

pH-temperature-ammonia I, ɗ, P, Pm           ω ω ω ω 

No pH-temperature-ammonia - ω ω ω ω ω         

aMonod; bTessier; cSokol-Howell; dContois; eMing; fHinshelwood; gAiba; hGhose-Tyagi; iSeverly  
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5. Conclusions 

The microbial growth models may be changed by adding 

the hydrolysis parameters and inhibitory effects to offer a full 

update for the anaerobic fermentation process. An organism's 

half-saturation constant, a biokinetic parameter known as a 

hydrolyzed substrate transport rate coefficient, and a                      

biochemical yield rate coefficient are all examples of 

biokinetic parameters. These approaches might be interesting 

to a large scientific community addressing anaerobic 

biological wastewater treatment, mathematical modeling, 

simulation, and optimization of the process. Further 

investigation is warranted for the empirical and mechanistic 

validation of these proposed update models.  
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ABSTRACT 
Kappaphycus alvarezii, locally known as guso, is a commercially important red seaweed because of its water-soluble                 
ə-carrageenan. It also functions as an additive in commercial and pharmaceutical products. The continuous increase in demand 
in local and international markets has prompted the establishment of seaweed farming sites in the Philippines. However, the 
present scenario showed a decline in production due to occurrences of ice-ice disease and epiphytism. Most farming sites had 
also exceeded the carrying capacity for farming, including Calatagan, Batangas ï the only seaweed farm in the province. Thus, 
this study aimed to identify potential farming sites outside Calatagan. Three sites in Lobo, Batangas were selected for 
assessment. On each selected site, a 3.57 m by 2.05 m floating raft with four monolines was deployed wherein seven K. alvarezii 
seedlings were tied in each monoline. The percent growth rate of the seedlings was monitored every week for one month 
alongside the physicochemical parameters i.e., water temperature, salinity, and depth. From the three sites assessed, Olo-olo 
showed the highest percent growth rate ranging from 2.11 to 3.63% d-1 followed by 1.17 to 2.12% d-1 in Sawang, and 0.72% d-1 
in Lagadlarin. Moreover, values of about 30ÜC, 32 ppt, and 1.8 m suggest that Olo-olo may be suitable for seaweed farming. 
With further studies, the site may be proven to be a potential farming site for K. alvarezii, which can serve as an alternative 
livelihood for the locals.  

 
Keywords: carrageenophytes, percent growth rate, potential farming site, seaweed farming 

 

 
 

 

The municipality of Calatagan in the Province of Batangas in 
Luzon Island was one of the first sites where the pilot and 
experimental seaweed farming were established and became 
successful [19]. For more than three decades now, the seaweed 
farming in Calatagan has been flourishing and an income-
generating business accounting to 122 permit holders to operate 
seaweed farming that covers about 2000 m2. However, present 
seaweed production is declining in Calatagan with peak 
production during 2009-2011 [16]. 

The decline in production are due to consistent incidents of               
ice-ice disease, epiphytism, where access to sunlight or nutrients 
of seaweeds are blocked due to high abundance, and other              
farm-related problems i.e., sudden changes in physicochemical 
parameters and herbivore infestation, which could explain the 
low quality of its seed stocks. Most seaweed farms in the 
Philippines had also exceeded the carrying capacity for farming, 
including the farms in Calatagan, Batangas, the only seaweed 
farms in the province. 

In the Province of Batangas, Lobo is considered to be one of 
the pristine coastal communities and has received an 
Outstanding Marine Protected Areas Award [20]. Based on 
preliminary site observations, Lobo could be a potential farming 
site. Thus, this study explored the possibility of Lobo as a 
potential new farming site for K. alvarezii. 

 

2. Materials and methods 

 

2.1. Study site 

A preliminary assessment was conducted in selected sites in 
Lobo, Batangas (13.6750Ü N, 121.2401Ü E) (Figure 1). 

The three sites were selected based on the preliminary 
observation that the sites met the required physicochemical 
parameters for seaweed farming i.e. water temperature, salinity, 
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seaweed, Kappaphycus alvarezii in Lobo, Batangas, Philippines 
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1. Introduction 

Kappaphycus alvarezii, locally known as guso, is a 
tough, fleshy, and firm marine red alga, that grows up to 
about 2 meters. It has coarse thalli with axes and branches. 
Furthermore, K. alvarezii grows small branches when 
situated in shallow areas, but its branches grow larger and 
entangle with each other forming fleshy mats when 
cultivated in deeper waters [1]. It is commonly found in 
coral reef areas with sandy or rocky substrate [2]. 

K. alvarezii is a commercially important seaweed 
because of its water-soluble ə-carrageenan [3, 4], which 
recently, was found to reduce the growth rate of mammary 
tumors in rats [5]. It is used in the production of edible films 
for the food and pharmaceutical industries [6]. Moreover, it 
contains antioxidants [7, 8] and is utilized in anticancer 
nutraceutical products [9]. K. alvarezii also serves as a 
balanced modulator between Firmicutes and Bacteroides for 
improved physiological processes in obese rats [10]. 
Additionally, the sap of K. alvarezii increases the tomato 
fruit yield [11]. K. alvarezii can also be used in the control 
of heavy metal pollution [12], fermentation, and 
biofertilizer and bioethanol production [13, 14]. 

The growing worldwide demand for its carrageenan 
resulted in increased prompts in the cultivation of K. 
alvarezii in seaweed-producing countries [4]. In the 
Philippines, K. alvarezii is the main seaweed species farmed 
among other varieties of seaweeds and constitutes 80% of 
the total Philippine production for export [15, 16].              
K. alvarezii is mostly favored by farmers due to its                 
fast-growing nature, ease to farm, and toleration to wide 
fluctuations of environmental factors [17]. Commercial 
seaweed production in the Philippines also proved to have 
an advantage for its low local production costs and high 
return of investment [18]. 
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 and depth [19]. In addition, the selected sites are accessible 
by both land and sea travel. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Map of Lobo, Batangas showing the three sites, 
namely, Lagadlarin, Olo-olo, and Sawang. 

 

Lagadlarin (13.3736Ü N, 121.1241Ü E) has an approximate 
distance of 1,156.96 m to Olo-olo (13.3745Ü N, 121.1317Ü E) 
while Olo-olo has an approximate distance of 1,197.85 m to 
Sawang (13.3734Ü N, 121.1406Ü E). 

Lagadlarin has an open water setting with a sandy 
substrate (Figure 2a). It is also near a mangrove forest, 
several residential houses, and fishing boats. Olo-olo has a 
lagoon-type setting with intertidal coral reef areas and sandy 
substrate (Figure 2b). There are few residential houses near 
the site. The setup is also near a big rock formation. Sawang 
also has an open water setting with intertidal coral reef areas 
and rocky substrate (Figure 2c). There are also a few 
residential houses near the site. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The photography of the study sites in                        
(a) Lagadlarin, (b) Olo-olo, and (c) Sawang. 

2.2. Seaweed material 

The seedlings of the K. alvarezii (Figure 3) were collected 
from Edgar Limoico farming Corporation (ELfarCo) 
Seaweeds Farm in Calatagan, Batangas (13.8335Ü N, 
120.6242Ü E) on September 23, 2018.  

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 3. Photograph of the farmed K. alvarezii tied in a 
monoline collected from Calatagan, Batangas, and used for 
experimentation in the present study. 

 
     Eighty-four seedlings of K. alvarezii with an initial weight 
of 75g were transported to Lobo, Batangas, stored in a 
Styrofoam container with wet newspapers to prevent drying 
and to maintain the ambient temperature during the transports 
of approximately five hours. Upon arrival at the sites, the 
seedlings were placed inside a net bag and submerged in the 
open water for acclimation for about 24 hours before planting 
to heal wounds. 

 
2.3. Experimental seaweed farm 

      Bamboo poles with a length of 3.57 m and a width of 2.05 
m were used as frames and straw twines served as monolines. 
To avoid entanglement of monolines, another 2.05 m bamboo 
pole was placed in the middle of the frame and the straw 
twines were alternately tied to it. One raft consists of 4 
monolines wherein 7 K. alvarezii seedlings were tied on each 
monoline in equal intervals for a total of 28 seedlings on each 
raft (Figure 4). One raft was deployed to each selected site. 

Figure 4. Floating raft setup before deployment. 

K. alvarezii seedlings were individually tagged                            

(Mn-Sn; n is the number of monoline/seedling), weighed, and 

monitored every week for one month. Missing and loose 

seedlings were noted as well as signs of epiphytes, ice-ice 

disease, and grazing on each seedling if present. Moreover, 

other seaweeds found in the raft were removed. 

The percent growth rate was computed using the formula 

based on [21] as shown in Eq. (1), where Wi is the initial 

weight in grams and Wf is the final weight in grams. 
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2.4. Measurement of physicochemical parameters 

      The physicochemical parameters of each site were 
measured every week for one month. The temperature (ÁC) 
was measured using an alcohol thermometer (TruLabÈ, 
Cubao, Quezon City, Philippines). Three readings were taken 
from the sites. The 1st reading was done before weighing the 
K. alvarezii seedlings. The 2nd reading was taken 
simultaneously as K. alvarezii seedlings were being weighed. 
The 3rd reading was done after K. alvarezii was weighed. The 
salinity (ppt) was measured using a handheld refractometer 
(YIERYI, Shen Zhen City, Guang Dong, Province, China) 
while the depth (m) was measured using a portable depth 
finder (NorCross Marine-Hawkeye DepthTraxÊ, 50 NE 
Dixie Hwy, Stuart, FL, USA). 

 
2.5. Statistical analysis 

      The data was first subjected to a normality test using the 
Shapiro-Wilk test. If the data were not normally distributed, 
the data would have been transformed. One-way Analysis of 
Variance (ANOVA) was used to determine if the seedlings 
were able to reach the required growth rate in terms of mass 
in the selected barangays of Lobo, Batangas. All statistical 
analyses were done using the R software. Prior to ANOVA, 
the relationship of the growth rate on each site and the 
physicochemical parameters were also analyzed using 
regression analysis. 

 

3. Results and discussion 

 

3.1. The percent growth rate of K. alvarezii 

      Throughout the cultivation period, most of the                 
K. alvarezii seedlings increased in weight. The highest 
recorded weight of K. alvarezii in Olo-olo and Sawang was 
450 g and 400 g, respectively, during the 4th week of 
cultivation. In Lagadlarin, the highest recorded weight was 
only 90 g due to loss of raft setup from fishing activities 
around the area. Furthermore, some seedlings decreased in 
weight, which might be due to grazing and human 
interference i.e., fishing and tourism activities within the 
vicinity of the study site. 

Olo-olo yielded the highest percent growth rate of            
K. alvarezii ranging from 2.11 to 3.63% d-1, followed by 
Sawang with 1.17 to 2.12% d-1 (Figure 5). The percent 
growth rate of K. alvarezii in Lagadlarin was recorded at 
0.72% d-1 during the first week, but the percent growth rate 
for the following weeks could no longer be determined due to 
loss of setup. 

 
 

 
 

 

 

 

 

 

 

Figure 5.   Comparison of the percent growth rate of                     
K. alvarezii per week in the selected sites. Marker and error 
bars are the average of the weekly percent growth rate of the 
seedlings per site and their corresponding standard deviation. 

Among the three sites in Lobo, Batangas, the percent 
growth rate of K. alvarezii in Olo-olo showed an increasing 
trend from 2.11 to 3.63% d-1, which indicates the percent 
growth rate for a good farming site. According to [22], the 
optimum percent growth rate of K. alvarezii to be farmed in 
an area is about 2.3 to 4.2% d-1 in the Philippine setting. 
Moreover, percent growth rates ranging from 3 to 5% d-1 are 
deemed suitable for commercial farming [19, 23, 24]. 
However, the percent growth rate in Sawang exhibited an 
erratic trend, which might be due to the moderate to strong 
water movement caused by localized thunderstorms towards 
the end of the assessment [25]. 

 
3.2. Physicochemical parameters 

      During the entire assessment, the water temperature in 
Olo-olo remained constant at 30ÜC while Sawang ranged 
from 30-31ÜC. Furthermore, the salinity ranged from 31-34 
ppt in Olo-olo and 31-33 ppt in Sawang. The depth also 
remained constant at 1.8 m and 1.2 m in Olo-olo and Sawang, 
respectively (Table 1). However, the changes in the 
physicochemical parameters in Lagadlarin could not be 
determined due to the loss of setup. 

The values of temperature recorded from the sites were 
similar to the studies of [26], [27], [28], [29], [30] with ranges 
between 20 to 32ęC, 23 to 30ęC, and 30 to 32ęC, respectively. 
The increase or decrease in the percent growth rate of           
K. alvarezii is proportional to the changes in temperature                
[31, 32]. The variations in temperature also influence the 
physiology of K. alvarezii, such as photosynthesis, 
respiration, reproduction, and osmoregulation [33, 34], as 
well as carrageenan yield [35]. Furthermore, fluctuations in 
temperature initiate the occurrence of ice-ice disease and 
epiphytism as observed in the study of [36] and [37]. 

The obtained salinity was similar to the studies conducted 
by [38], [39], and [28] with ranges of 30 to 31 ppt, 31 to 34 
ppt, and 32 to 35 ppt, respectively. The growth of K. alvarezii 
is adversely affected when salinity is lower than 30 ppt [19]. 
On the other hand, if the salinity exceeds to 40 to 50 ppt, it 
triggers hypersaline stress, which involves water deprivation, 
and hyposaline stress, which promotes the higher 
concentration of seawater inside K. alvarezii [40, 34]. Drastic 
changes in the salinity also result in epiphyte infection and ice
-ice disease [37, 36]. 

The present study was conducted in shallow waters 
following the prescribed depth of 0.6 to 2 m during the lowest 
tide and highest tide of the day, respectively.  However, most 
studies cultivated K. alvarezii in water with a depth of 4 to 17 
m [41] and 5 to 25 m [42]. Cultivation of K. alvarezii in 
deeper water also yielded higher percent growth rates 
compared to the cultivation in shallow waters [43] because 
strong waves on the water surface make the underwater 
current still and enable the sunlight to penetrate through the 
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Table 1. Physicochemical parameters in Lagadlarin,               
Olo-olo, and Sawang. 

Week 

Physicochemical Parameters 

Lagadlarin Olo-olo Sawang 

ÜC ppt m ÜC ppt m ÜC ppt m 

1 30 30 30 30 32 1.8 30 31 1.2 

2 nd nd nd 30 31 1.8 31 32 1.2 

3 nd nd nd 30 34 1.8 30 32 1.2 

4 nd nd nd 30 32 1.8 30 33 1.8 

Mean Ñ 

STD 
30 30 30 

30 

Ñ0 

32.25 

Ñ1.16 

1.8 

Ñ0 

30.25 

Ñ0.46 

32Ñ 

0.76 

1.35Ñ 

0.28 

nd = no data 



 

  

 

 water [29]. However, [44] observed that the percent growth 
rate of K. alvarezii decreased as the depth for cultivation 
increased. Thus, great differences in the tidal ranges may 
affect the distribution of nutrients and the growth of         
seaweeds [45]. 

 
3.3. Statistical analysis 

      The percent growth rate in each site did not differ 
significantly during the 1st week of culture (Table 2). On the 
2nd week of culture, there was an increasing trend on both  
Olo-olo and Sawang, but did not differ significantly. 
However, on the 3rd week of culture, there was significant 
difference in the percent growth rate of K. alvarezii in                
Olo-olo and Sawang. The significant difference was evident 
until the last week of culture. 

According to [23] the daily growth rate of K. alvarezii is 
2.3 to 4.2% d-1. Furthermore, based on the study of [24], 
growth rates above 3.5% d-1 are deemed suitable for 
commercial farming in the Philippine setting. 

Based on the gathered data from the three sites, there is no 
significant relationship between the percent growth rate of                   
K. alvarezii and the physicochemical parameters (Table 3). 

Although there was no significant relationship between 
the measured physicochemical parameters and percent 
growth rate during the experiment, it could indicate that the 
physicochemical parameters were suitable for the growth of 
K. alvarezii, which conformed with the abovementioned 
ranges. 

      In the study of [48], it was stated that the growth rate and 
water temperature have a positive correlation. During the 
summer and autumn seasons, the growth rate of K. alvarezii 
was higher than those during the winter season with ranges of 
4.29 to 5.12% d-1 and 0.32 to 0.54% d-1, respectively. 

 
3.4. Comparison of data between published studies and the 
present study 

      All values of physicochemical parameters gathered were 
within the ranges of published studies on seaweed farming 
(Table 4). 

      Several studies on K. alvarezii mentioned that the 
temperature and salinity of the site contribute to the increase 
or decrease in percent growth rate [46, 47, 30, 48, 49, 35, 50]. 
However, in the present study, there was minimal change in 
the physicochemical parameters. This implies that the percent 
growth rate of K. alvarezii might be independent of the 
changes in the physicochemical parameters in the sites in 
Lobo, Batangas. Moreover, the percent growth rate could be 
affected by grazing. There was also a drastic decrease in the 
growth when herbivorous fish were found within the 
cultivation area [38]. Herbivore grazing might pose a 
problem to K. alvarezii farms if not managed properly [23]. 

      Overall, all gathered data on the percent growth rate of             
K. alvarezii and physicochemical parameters are within the 
prescribed ranges of a potential farming site [19, 23, 24]. 

        

4. Conclusions 

      The percent growth rate of K. alvarezii in Olo-olo is the 
highest among the three sites and is within the suitable range 
for commercial farming. Differences in the percent growth 
rates among the sites may be due to the topography of each 
site which might have influenced the water movement. The 
measured physicochemical parameters in the three sites also 
conformed with the published values and ranges. 
Furthermore, there is no significant relationship between the 
measured physicochemical parameters and percent growth 
rate. With this baseline information, establishing a seaweed 
farm in Olo-olo is deemed possible. This may also serve as an 
alternative livelihood for the residents. 

Further study with replicates for each site and longer 
cultivation period in different seasons are recommended to 
fully determine the viability of the sites as seaweed farms. 
Cultivation of K. alvarezii in other coastal sites in Lobo, 
Batangas may be conducted. A study focusing on other 
physicochemical parameters such as water movement, 
dissolved oxygen (DO), light intensity, turbidity, and pH that 
affects K. alvarezii may also be conducted as well as the 
nutrient analysis of the water in the study sites. Also, testing 
of hybrid cultivars could be used for pilot testing in Lobo, 
Batangas. Lastly, a study using other cultivation methods 
such as fixed off-bottom, long lines, and cages may also be 
executed. 
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ABSTRACT 

Computer System Servicing (CSS) covers basic and common competencies such as installing, maintaining, configuring, and 

diagnosing computer systems and networks. The main objective of the study was to develop an android application for the 

students that would provide them a platform to practice with the aid of virtual computer hardware assembly, at any given time. 

This application presented a series of review questions designed to help students enhance their knowledge and abilities on the 

CSS NCII assessment. Different forms, manuals, and reports relative to CSS, assessment, and certifications were utilized. The 

study surveyed 119 respondents on their level of acceptance and satisfaction on the android application. The project was 

programmed and organized based on the actual procedures of the assembly of computer hardware and the software installation. 

Recognizing the issues and challenges that respondents had while completing the CSS NCII assessment, the android application 

received the highest ratings of highly acceptable and highly satisfied from respondents. The paper recommends the adoption and 

implementation of the developed android application in higher education institutions, as it highlights the concerns and challenges 

that students encounter while pursuing CSS NCII certifications. 

 

Keywords: CSS, computer assembly, virtual, android application, application development  

CSS droid: An android-based computer system servicing training app with virtual 

computer hardware assembly 
Albert V. Paytaren 

Batangas State University ARASOF Nasugbu Campus, Brgy. Bucana, Nasugbu 4231 Philippines 

national certification for CSS. To ensure that the students will 

pass the certification exam, they need extra time to review 

and practice the unit of competencies in CSS; install and 

configure computer systems, set up computer networks, set up 

computer servers, and maintain and repair computer systems 

and networks.   

In terms of assessment and certification, the rate 

increased from 62.4% in 2006 to 87.36% in 2013. Regions IV

-B, III, XI, II, NCR, VII, and VIII have high certification 

rates. Furniture and fixtures, processed food and beverages, 

maritime, HVAC/R, tourism, and construction all had high 

certification rates [8].  

The challenge now is to make sure that there will be high 

passing rates for the college students who will take up the 

national certifications for CSS. This will be possible by 

identifying the problems encountered by the students before, 

during, and after taking the assessment and then developing 

solutions that will address them. 

The main objective of the study was to develop an 

android application for the students that would provide them a 

platform to practice with the aid of virtual computer hardware 

assembly, at any given time. This application would provide a 

series of questions that serves as a review to improve the 

studentôs knowledge and skills in CSS NCII assessment. 

As part of the evaluation, a survey was conducted to 

determine the level of acceptance on the proposed android 

1. Introduction 

Mobile phones are increasingly becoming part of the 

daily life of todayôs youth [1]. Young people, in particular, 

appeared to be highly susceptible to mobile use [2]. The 

Philippines had nearly 169 million smartphone subscribers as 

of 2019. For many Filipinos, mobile phones have been an 

important tool [3]. For education, smartphones help the 

students to learn information and have access to online 

learning. Students have benefitted in terms of searching for 

information, video lectures, and taking notes through the use 

of mobile phones [4]. According to [5], students in the twenty

-first century are obsessed with technical advancements that it 

would be difficult for them to consider not using them in their 

daily lives. 

Mobile applications are computer programs that are 

programmed to run on mobile devices. The use of technical 

devices in education has stimulated the interest of higher 

education institutions. In recent years, a growing number of 

cell phone applications have been used in teaching and 

learning [6].  

The CSS course covers basic and common competencies 

such as installing, maintaining, configuring, and diagnosing 

computer systems and networks [7]. Information Technology 

students from higher education institutions shall be instilled 

with knowledge, skills, and attitude of the CSS. There are 

courses in the curriculum that highlight the assessment for 
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application and the level of satisfaction of the respondents. 

2. Materials and methods  

The researcher used the descriptive-developmental 

method of research to collect data on current concerns and 

difficulties faced by respondents, which were then used to 

create a android application that addresses those issues. The 

researcher used various formats, manuals, and reports related 

to CSS and assessment in the data collection process. The 

researcher used purposive sampling procedure which 

involved a total of one hundred nineteen (119) respondents 

including seventy-eight (78) BS in Information Technology 

(BSIT) students, sixteen (16) BS in Computer Science 

(BSCS) students, and twenty-five (25) BS in Computer 

Engineering (BSCpE) students, all of which are from the 

College of Engineering and Computing Sciences of Batangas 

State University ARASOF Nasugbu Campus. 

The researcher also used ranking to determine which 

issues and problems were always encountered by the 

respondents. It involved placing the value in numerical order 

and assigning new values to indicate where in the ordered set 

they fall [9]. For the most problems and difficulties faced, the 

researcher assigned the lowest number 1, followed by 2, 3, 

and so on. 

Figure 1 shows the repressed structure that gave 

conceptual meaning through an articulated rationale and 

operations of the research.  

Inputs in the project are the hardware peripherals 

specifications, software packages specifications, and the 

existing studies. The process includes an analysis of the input 

requirements to develop the research.  

 

2.1. Software development 

The researcher conducted methodical research to collect 

well-founded ideas that gave the assistance to comprehend 

the concepts of their subject matter. Different representations 

and cycles were scrutinized by the researcher to develop 

systematic procedures that will help in producing and 

designing the project. The researcher used Boehmôs spiral 

model as a method to finish the project and have a valuable 

outcome. Figure 2 presents Boehmôs spiral model which 

integrates risk management and incremental development 

[10]. It includes different steps and procedures that were used 

in the initiation and fulfillment of the research. It includes 

requirements gathering in the planning phase, prototyping in 

the risk analysis phase, coding and testing in the engineering 

phase, and customer evaluation in the evaluation phase. The 

functional and non-functional requirements were designed to 

develop and align to the needs and/ or overall significance to 

the end-users. The different risks were identified, classified, 

crafted, planned and monitored all throughout the software 

development phase. High-level test cases were written before 

coding started. The Test Plan and Test Cases were carefully 

utilized to ensure that each module of the android application 

is working according to its specified functionalities. The 

completeness and usability of the developed software were 

identified through the use of developed software evaluation 

tools.  

2.2. Programming procedure 

It began with the review of the requirements of every 

part followed by analyzing the requirements and the 

preparation of the design. Using the unity platform, the 

hardware components were designed as well as the software 

application (Figure 3). 

 

2.3. Hierarchical input process output (HIPO) 

Figure 4 shows the hierarchy of higher-level modules: 

hardware configuration, software installation, instruction, and 

about their lower-level modules 

15 

Figure 1. The input-process-output model used in the 

study. 

Planning 

Requirement  

Risk Analysis 

Prototyping 

Engineering 

Coding  
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Figure 2. Boehmôs spiral model illustrating the pattern of the 

research.  
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3. Results and discussion 
 

3.1. Prototyping  

The researcher utilized the extreme prototyping method. 

The development of the software was divided into sequential 

independent phases. In the first phase, the researcher 

developed static pages and mobile screens that show the order 

and hierarchy of the functionalities.  Then, the functional 

screens were developed, and simulated data were included 

using a prototype services layer. Lastly, all the functional and 

non-functional requirements were implemented. With the use 

of the prototyping method, the researcher was given a partial 

product even in the early development phase. Errors were 

detected much earlier and saves a lot of effort leading to more 

quality applications.  

 

3.2. Test plan 

The purpose of this section was to evaluate the systemôs 

compliance with the specified requirements. Testing was done 

to review the overall performance of the developed system to 

enable the researchers to debug the errors that were found 

during testing. System testing was done to verify if all the 

features in the module were working. It was also done to 

provide a quality system for the users. The researchers 

demonstrated the developed system to the intended users to 

verify if the user met their needs (Table 1). This also helped 

the researchers to improve the quality of the developed 

system. The test was considered 100% complete if all test 

cases had been successfully executed. The testing tools 

involved were local host Apache web server, browser, text 

editing software. 

 

3.3. Implementation 

The implementation process started after uploading the 

developed android application on the Google Play Store 

(Table 2). During this phase, the android application has been 

evaluated by the users upon downloading it. Further 

improvements will be done with the help of the users through 

their comments and suggestions and other developers that 

would evaluate the developed application. It will be a tool for 

more effective educational material that copes with 

innovation. 

Figure 3. Schematic representation of the computer hardware and software installation. 

Figure 4. The Hierarchical input process output (HIPO) depicting the system modules and processes.  
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3.4. End-userôs evaluation 

To get the level of satisfaction and acceptance of the 

developed android application, the researcher utilized the 

weighted mean. The Likert scale, a psychometric scale, 

allows for qualitative information amenable to statistical 

analysis by transforming it to quantitative data [11]. Each 

possible option is given a numerical value, and at the end of 

the assessment, a mean number for all the responses is 

calculated.   

Table 3 shows the issues and challenges encountered by 

respondents. The most common problem in taking the CSS 

NCII examination is the lack of educational materials (book, 

workbook), and students take too much time on other subjects 

and spend less time on CSS trainings with the frequency of 55 

at the same time. 

Table 4 shows the result of the evaluation of the 
developed android application. The respondents rated the 
developed system with the level of acceptance of highly 
acceptable with a composite mean of 4.51 in terms of 
reliability. 

Table 1. Test cases for the CSS Droid main functions. 

 

Case  Description 
Data  Expected   Passed/  Issue  

CSS_  

 

Enter your First name, 

Last name to sign up. 

 

  

 Startedò   

Page 

 
 SM_0  

CSS_  

 

 

  

 

 
 

 

 SM_0  

 
 

 

 
 

 
 

 SM_0  

 

 

 

 a  
  

 SM_0  

 
 

 

Without 

  
 

 SM_0  

1 )   3 ) 

. 

Table 2. Implementation Plan starts from pilot testing until 

deployment. 

   
 

 
  

 

            

 

1 Week  

 

 

 

 

 

 

  

 

Application 

  

Table 3. Issues and challenges encountered in taking CSS 

NC II Examination.  

Issues and Challenges Frequency Rank 

Lack of resources (actual parts of the system unit 

such as the CPU, RAM, motherboard, etc.)  
46 2 

Lack of resources (actual parts of the system unit 

such as the CPU, RAM, motherboard, etc.)  
55 1 

Limited use of training facilities.  46 2 

Lack of interest in taking the CSS NC II                      

Certification.  
33 3 

Students take too much time on other subjects and 

spend less time on CSS Trainings.  
55 1 

Others. (students donôt prioritize the CSS training, 

the students didnôt have an effective reviewing 

strategy, many students didnôt take the CSS NC II 

Assessment seriously)  

16 4 
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In Table 5, the respondents rated the developed android 

application with the level of acceptance of highly acceptable 

with a composite mean of 4.39 in terms of usability. 

Table 6. shows the result of the evaluation of the 

developed android application. The respondents rated the 

developed system with the level of acceptance of highly 

acceptable with a composite mean of 4.51 in terms of 

efficiency.  

Table 7 shows how the respondents rated the developed 

system with the level of satisfaction of highly satisfied with a 

composite mean of 4.52 in user-friendly.  

Table 8 shows the result of the evaluation of the 

developed system. The respondents rated the developed 

system with the level of satisfaction of highly satisfied with a 

composite mean of 4.50 in graphics. 

The respondents rated the developed system with the 

level of satisfaction of highly satisfied with a composite mean 

of 4.52 in learnability (Table 9). This means that the 

developed android application takes into account how simple 

it is for a user to complete a task the first time they 

experience the interface, as well as how many repetitions it 

takes for them to become proficient at that task.  

Table 4. Level of acceptance in terms of reliability.  

Components of reliability Mean Level of acceptance 

The application displays           

pictures of the actual computer 

hardware parts. 

4.61 highly acceptable 

The system tells the correct 

definition of each computer. 
4.48 highly acceptable 

All the contents included in the 

module are validated by an 

accredited CSS NCII assessor. 

4.45 highly acceptable 

Composite mean 4.51 highly acceptable 

Legend: 4.21- 5.00, highly acceptable; 3.41- 4.20, moderately acceptable; 

2.61- 3.40, acceptable; 1.80- 2.60, slightly acceptable; and 1.00- 1.80, not 

acceptable  

Table 5. Level of acceptance in terms of usability. 

Components of usability Mean Level of acceptance 

The application is always      

available. 
4.06 highly acceptable 

The application is fit for              

android devices. 
4.53 highly acceptable 

The application involves             

processes that are easy to learn 

and understand. 

4.58 highly acceptable 

Composite mean 4.39 highly acceptable 

Legend: 4.21- 5.00, highly acceptable; 3.41- 4.20, moderately acceptable; 

2.61- 3.40, acceptable; 1.80- 2.60, slightly acceptable; and 1.00- 1.80, not 

acceptable. 

Table 6. Level of acceptance in terms of efficiency.  

Components of efficiency Mean Level of acceptance 

The topics included can be    

understood by any CSS           

trainees. 

4.49 highly acceptable 

The application is a tool that can 

be used by trainers to  provide 

additional learning. 

4.50 highly acceptable 

Quizzes can help the trainee to 

assess their knowledge of CSS. 
4.54 highly acceptable 

Composite mean 4.51 highly acceptable 

Legend: 4.21- 5.00, highly acceptable; 3.41- 4.20, moderately acceptable; 

2.61- 3.40, acceptable; 1.80- 2.60, slightly acceptable; and 1.00- 1.80, not 

acceptable  

Table 7. Level of satisfaction in terms of user-friendly.  

Components of user-friendly Mean Level of satisfaction 

The application displays a 

simple user interface. 
4.63 highly satisfied 

The application can be                 

understood easily. 
4.45 highly satisfied 

The application is easy to use. 4.49 highly satisfied 

Composite mean 4.52 highly satisfied 

Legend: 4.21- 5.00, highly satisfied; 3.41- 4.20, moderately satisfied; 2.61

- 3.40, satisfied; 1.80- 2.60, slightly satisfied; and 1.00- 1.80, not satisfied  

Table 8. Level of satisfaction in terms of graphics.  

Components of graphics Mean Level of satisfaction 

The application provides a drag 

and drop function. 
4.50 highly satisfied 

The application displays             

understandable text on the 

reviewer. 

4.60 highly satisfied 

The application displays the 

artistic use of pictures and 

videos. 

4.39 highly satisfied 

Composite mean 4.50 highly satisfied 

Legend: 4.21- 5.00, highly satisfied; 3.41- 4.20, moderately satisfied; 2.61

- 3.40, satisfied; 1.80- 2.60, slightly satisfied; and 1.00- 1.80, not satisfied  

Table 9. Level of satisfaction in terms of learnability.  

Components of learnability Mean Level of satisfaction 

The application is easy to learn. 4.57 highly satisfied 

The application uses easy-to-

understand instructions. 
4.51 highly satisfied 

The application is                          

comprehensive, and the user 

can easily follow. 

4.49 highly satisfied 

Composite mean 4.52 highly satisfied 

Legend: 4.21- 5.00, highly satisfied; 3.41- 4.20, moderately satisfied; 2.61

- 3.40, satisfied; 1.80- 2.60, slightly satisfied; and 1.00- 1.80, not satisfied  
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4. Conclusions  

This research was able to identify problems and 

challenges that students faced when obtaining CSS NC II 

certification. The researcher concluded that doing a review 

and simulation of CSS is limited in time and there were 

limited interactive resources. 

The android application highlights the following: it is a 

portable mobile reviewer that the users can easily access; it 

includes virtual parts which is the actual parts of a system 

unit that is used in actual training which covers the lack of 

resources, and it contains the basic precautions, activities, 

quizzes, and features just like the actual activities on CSS 

training.  

The developed android application allows learners to 

have a broad scope for the CSS course's learning process, as 

it expedites a multidisciplinary learning platform and 

provides new opportunities for students. 

The developed android application was rated highly 

acceptable and highly satisfied by respondents, who were 

very pleased with the app's features and agreed that it was 

efficient, secure, and accessible, according to the report. The 

paper strongly recommends that the developed android 

application be used and implemented in higher education 

institutions because it addresses the problems and challenges 

that students face. 

The findings suggests that incorporating an android 

application into the teaching and learning process could have 

a significant impact on studentsô academic success. 

Adaptation and use of android applications in learning and 

teaching processes should also be considered by educational 

policymakers. 
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ABSTRACT 

Leiopotherapon plumbeus, locally known as ayungin, is a small, edible fish with an average size of 15.9 cm that greatly 

contributes to the rich biological diversity of freshwater bodies in the Philippines. However, its population has continuously 

decreased due to various anthropogenic (overfishing and predation of invasive species) and environmental factors (land and 

water pollution). One way to conserve the decreasing population is through aquaculture. This study investigated the effect of 

temperature on the growth, mortality, and food intake of L. plumbeus under laboratory conditions for 21 days. Two hundred 

twenty-five L. plumbeus fingerlings were reared in triplicate aquariums with varying temperatures of 20ÁC, 25ÁC, 28ÁC 

(control), 30ÁC, and 35ÁC. The volume of feeds given to the fingerlings was based on the 5% of their body weight. There were 

no significant differences in percent growth by weight and length which signified that the temperatures were suitable for 

aquaculture of L. plumbeus. Greater food consumption was observed at higher temperatures. The tolerance of the fingerlings to 

these temperatures could be used as information on designing or improving aquaculture protocol and/or practices. Also, the fish 

could be a model species on studying effects of climate change to their physiology.  

 

Keywords:  aquaculture, feed intake, freshwater fish, growth, mortality, temperature 

Effects of temperature on the growth, survival, and feed intake of                        
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larvae of L. plumbeus and insect larvae and smaller fishes are 

the diet composition of the mature L. plumbeus [6] 

Temperature is one of the physicochemical parameters of 

water that has a large impact on the biology of aquatic 

organisms. Just like other fishes, L. plumbeus, is also affected 

by temperature. Every species has an optimal temperature 

range at which they can grow, metabolize, and reproduce [7]. 

Therefore, knowing the optimal temperature range for           

L. plumbeus may support more aquaculture studies, provide 

information for creating or improving aquaculture practices 

and may help in developing and planning of different 

conservation programs. 

The study intended to determine the effect of temperature 

on the growth, survival, and feed intake of Leiopotherapon 

plumbeus.  

 

2. Materials and methods 

 

2.1. Fish rearing and experimental set-up 

A total of 500 fingerlings of L. plumbeus were obtained 

from the Bureau of Fisheries and Aquatic Resources - 

National Inland Fisheries Technology Center (BFAR-NIFTC) 

in Manila East Road, Suyoc, Tanay, Rizal. Prior to the 

experiment, the fingerlings were acclimated in an aquarium 

under ambient temperature of 28ęC (based from the room 

temperature without the intervention of air conditioner reared 

in the laboratory in BFAR-NIFTC) for two weeks. After 

acclimation, based from experimental fish allocation by [8], 

1. Introduction 

Leiopotherapon plumbeus, locally known as ayungin, is 

one of the many endemic fishes found in the Philippines that 

grows into a maximum length of 15.9 cm [1]. The fish was 

originally from Laguna de Bay but was transplanted to 

Sampaloc Lake in the 1950s and to Taal Lake in the 1970s 

[2]. Until 1991, L. plumbeus was the most abundant fish in 

Laguna de Bay, comprising almost 70% of the fish fauna. 

However, in 2002, the fish was ranked third in abundance due 

to the declining population. Environmental and anthropogenic 

factors such as overfishing, predation of invasive species and 

pollution that leads to the deterioration of lake water quality 

contributed to the further decline of the fish population [3]. 

These continuous threats on L. plumbeusô population 

brought about different conservation programs conducted by 

agencies such as the Bureau of Fisheries and Aquatic 

Resources. One way of conserving L. plumbeus is through 

aquaculture. However, fish production in culture systems has 

been restricted by several factors such as limited information 

on aquaculture set-up and inadequate information on water 

quality requirements of fishes [4]. Some studies successfully 

reared ayungin in outdoor tanks, but most of them focused on 

other physiology of the fish. In the study of [5], the 

researchers identified the developmental stages of the fish. 

There were five identified growth or developmental stages of 

L. plumbeus such as yolk sac larva, preflexion, notochord 

flexion, post flexion larva, and early juvenile which were 

differentiated by length. Moreover, the diet composition of    

L. plumbeus larva is dominated by zooplankton. Cladocerans, 

ciliates, and copepod nauplii are favoured by the small fish 
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225 out of 500 fingerlings were randomly distributed into 

aquariums with five different temperature treatments of 20ÁC, 

25ÁC,  28ÁC (control or ambient temperature), 30ÁC, and 35Á

C. Each temperature treatment had three (3) aquariums as 

replicates. To carry out all temperature treatments, each 

aquarium was equipped with individual filter pump (WP-

3880F Aquarium Top Filter, SOBO, Guangdong Province, 

China), thermostatically controlled water heater (AT-700 

50W, XiLONG, Guangdong Province, China) and PVC pipe 

which serve as the hiding place of the fishes (Figure 1a). To 

ensure uniform temperature distribution, the water heater was 

placed beside the filter pump to help circulate the heated 

water. Moreover, each aquarium was covered with a 

rectangular glass plate to maintain the temperature inside the 

aquarium. A total of fifteen (15) aquariums (20x10x12 in) 

with 5-gal of fresh water were utilized and randomly 

distributed in the laboratory table (Figure 1b). In each 

aquarium, 15 L. plumbeus fingerlings were reared 

considering the dimension of aquarium and to avoid the 

possible effect on the growth and survival rate caused by 

cannibalism [9] (Figure 1c). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Photograph of (a) an aquarium setup with 

individual filter pump, thermostatically controlled water 

heater, and PVC pipe, (b) preparation of 15 aquarium setups, 

(c) aquarium setup with L. plumbeus fingerlings. 

 

To avoid thermal shock, temperatures were adjusted at 

1.0  with 2 to 3 days intervals so that all treatments reached 

the final treatment temperature on the same day. Temperature 

adjustments took 7 days to complete. After the temperature 

adjustment, fingerlings were held at constant treatment 

temperatures until the end of the experiment. 

All fingerlings in each treatment were given the same 

amount of feed. To ensure a sufficient amount of feed for the 

fish, the feeds were offered at 5% of the fishô body weight, 

based on their feeding rate. Fingerlings in each treatment 

were fed with commercial feeds (Tateh Feeds: PO2 Prawn 

Feeds, Santeh Feeds Corporation, Quezon City, Philippines) 

containing 27% of crude protein, twice daily at 5:30 am and 

5:30 pm.  

 

2.2. Initial measurement 

Fingerlings were measured for the initial weight (g) and 

length (cm) before subjecting to the experiment. Fingerlings 

were starved for 24 hours before measuring to ensure that the 

feeds will not affect the weight [10]. To avoid stress, 

fingerlings were taken out of the aquarium using fishnet. 

Moreover, all the equipment that was in contact with 

fingerlings must be wet first to avoid cuticle damage during 

the measurement. To avoid longer time exposure of the fish 

to air, length was measured by taking their photograph using 

digital camera (Canon EOS M6, New York, USA) in a petri 

dish filled with source water and calibration (cm) as reference 

for length measurement via image processing using ImageJ 

(Figure 2). On the other hand, for the measurement of initial 

weight (g), fingerlings were measured inside a Petri dish 

using top-loading balance (ME403TE/00 Precision Balance, 

Mettler Toledo, Ohio, USA). 

   

 

Figure 2. L. plumbeus in a Petri dish with calibration (cm) as 

reference for length measurement via image processing  

 

2.3. Maintenance of aquarium set-up 

Due to water evaporation especially at 30 and 35ÁC, 

permanent sticker marks were used to indicate the initial 

water level of 5 gallons in each aquarium. When the water 

level went down beyond the mark, water was added to the 

aquarium until the water level reached the permanent mark. 

In addition, faeces were removed by manual suctioning via 

siphon pump to control the level of debris and toxins in the 

aquarium due to the wastes produced by the fingerlings.  

 

2.4. Measurement of growth rate, survival and feed intake 

Individual fingerlings were weighed at the beginning and 

at the end of experiment only to avoid stress to fingerlings. 

Percent growth rate (% d-1) was measured as follows: 

 

 

 

 

 

 

 

 

 

 

Fish mortalities were recorded twice a day before every 

feeding. Survival rate (%) was calculated as:  
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Feed intake (FI) was determined for each treatment. The 

fingerlings were fed for 15 minutes. After 15 minutes, the 

uneaten feed was collected. The collected unconsumed food 

was oven-dried at 60ÁC [11] until constant weight for about 

two to three days. Feed intake was calculated by difference: 

 

 

 

2.5. Statistical analysis 

For the statistical analysis, one-way analysis of variance 

(ANOVA) was performed and Tukeyôs HSD as post hoc 

analysis after normality test using R software. Statistical 

significance was determined at p<0.05. 

  

3. Results and discussion 

 

3.1. The growth rate of L. plumbeus 

The percent growth rate of L. plumbeus in terms of weight 

and length at different temperatures did not differ 

significantly (Figure 3 and 4). Although not significantly 

different, L. plumbeus showed positive growth rate in all of 

the temperature treatments. This might suggest that                

L. plumbeus can grow in weight and length at a wide range of 

temperatures. The growth rate of L. plumbeus in terms of 

weight was shown at Figure 3. The highest percent growth 

rate in weight of 3.79% day-1 was recorded at 20 ↔C. This 

result is almost similar with Japanese flounder fish larvae that 

exhibits maximum growth rate between low temperatures of 

18 ↔C and 21 ↔C [12]. 

In the present study, 3.77% day-1, the second highest 

percent growth rate was noted at 30 ↔C. In a study on 

Cichlasoma urophthalmus, the fish reaches it maximum 

growth rate at 33.3 ↔C [13]. Another species, Labeo 

rajasthanicus, shows highest growth rate at 30 ↔C [14]. The 

present study resulted into a high growth rate in weight at 

temperature treatments of 20 ↔C and 30 ↔C. It may suggest that 

experimental temperature of 20 ↔C and 30 ↔C could be either 

the upper or lower limit of the tolerance range of L. plumbeus 

in terms of growth in weight. 

 

 

 

 

 

 

Figure 3. The percent growth rate in weight of L. plumbeus 

reared at different temperature treatments. Vertical bars with 

the same letter are not significantly different (p<0.05). 

 

The percent growth rate (in terms of length) was shown in 

Figure 4. The highest recorded percent growth rate in terms 

of length are at temperature of 20 ↔C and 35 ↔C. Similar with  

L. plumbeus, Xyrauchentexanus, Catostomus latipinnis, 

Gilacypha and Ptychocheiluslucius showed high growth rate 

in terms of length at 20 ↔C [15]. In addition, similar percent 

growth rate of 0.84% day-1 was observed at 30 ↔C which 

suggests that experimental temperature of 20 ↔C and 35 ↔C 

could either the upper or lower limit of the tolerance range of 

L. plumbeus in terms of growth in length.  

 

 

Figure 4. The percent growth rate in length of L. plumbeus 

reared at different temperature treatments. Vertical bars with 

the same letter are not significantly different (p<0.05). 

 

3.2. The survival percentage of L. plumbeus 

The percent survival of L. plumbeus showed no significant 

difference at different temperatures (Figure 5). This might 

imply that the tested temperature seems to be suitable for the 

survival of the fish. All fish reared at temperature 28 

(control), 20, 25 and 35 ↔C survived except for one fingerling 

at 30 ↔C during 1st week of experimentation (Figure 5). 

Similarly, [16] recorded a 100% survival rate recorded for 

marine rabbitfish in temperature treatments of 17, 22, 27, and 

32 ↔C. In addition, a study also resulted in zero mortalities in 

sea bass when reared into 13, 16, 19, 22, 25 and 29ÁC [17].  

 

 

Figure 5. The percent survival of L. plumbeus reared at 

different temperature treatments. Vertical bars with the same 

letter are not significantly different (p<0.05). 

 

3.3. Feed intake of L. plumbeus at different temperatures 

The food intake of L. plumbeus did not differ significantly 

among tested temperatures (Figure 6). However, an increased 

food uptake at warm temperature was observed. This might 

be due to the fact that the fish subjected to high water 

temperatures increases their metabolic rates, resulting in an 

increased demand for food [18]. 

The feed intake of L. plumbeus at control, 20, 25, 30 and 

35ÁCare 13.26 g, 13.01 g, 12.71 g, 13.15 g and 14.11 g, 

respectively (Figure 6). At 35ÁC, species show the highest 

consumption of feed with 14.11 grams. On the other hand, 

low feed consumption was seen at treatment 3 (25ÁC) with 

12.71 grams feed consumption. 
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The highest feed intake of L. plumbeus was observed at 

the highest temperature treatments. Same result was observed 

in the study of [13] that showed high feed intake of               

C. urophthalmus at temperature treatments of 29.7, 33.1 and 

36.3ÁC. On the other hand, C. urophthalmusô lowest feed 

intake was recorded at temperature of 22.5 and 25.7ÁC.  

 

 

Figure 6. The amount of consumed feeds of L. plumbeus 

reared at different temperature treatments. Vertical bars with 

the same letter are not significantly different (p<0.05). 

 

Further studies, using much lower time of 

experimentation and higher temperature may be conducted to 

test how much temperature ayungin (Leiopotherapon 

plumbeus) can tolerate, are recommended. Moreover, a study 

may also be conducted to investigate other physicochemical 

parameters that can also affect the growth, survival and 

feeding intake of L. plumbeus. 

 

4. Conclusions 

L. plumbeus showed no significant differences in their 

growth rate in terms of weight and length, survival, and feed 

intake within the temperature range of 20 to 35 ↔C. This 

implies high tolerance of ayungin to the temperature range. 

Therefore, the temperature range of 20 to 35 ↔C is favourable 

for the growth, survival, and feed intake of L. plumbeus. 
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ABSTRACT 

The study aimed to search for alternative fuels that could potentially solve the gradual depletion of worldwide petroleum 

reserves and the increasing exhaust emissions leading to environmental hazards. Food wastes can be a potential alternative 

energy source that can be a substitute for petroleum-based diesel fuels, and the main focus of this study was to use rambutan 

seeds as the source. Various tests were performed to determine if rambutan seed oil converted into rambutan methyl ester (RME) 

or B100 and B2 by transesterification is an efficient source of energy, and to identify the percent yield of the extracted oil. The 

rambutan seed oil was also compared to coco methyl ester (CME) 100 and CME2 to determine if the extracted oil meets the 

specification set by the Philippine National Standard (PNS) of the Biofuel Act of 2006.The extracted crude seed oil has 

undergone base-catalyzed transesterification using sodium hydroxide (NaOH) as the catalyst to produce biodiesel using % by 

weight proportion of NaOH to oil. It was then tested to confirm the productôs conformity to the PNS for biodiesel and its blend, 

B2. The highest oil yield gathered was a result of variation in soaking time. Emission testing for car engines was assessed for its 

application, with comparable results to the commercially available diesel. The results of the experiments revealed that the 

soaking extraction method for rambutan seed oil could produce a higher yield at its optimum contact time. Qualitative tests of 

physicochemical properties showed that rambutan methyl ester is comparable to the commercial coco methyl ester. The five-day 

contact time and weight % proportion of NaOH to oil for transesterification produced the highest % of methyl ester. The results 

suggest the potentiality of rambutan seed oils as local feedstock for biodiesel production and as an innovative additive to present 

diesel available.  

 

Keywords: rambutan seed oil, soaking extraction method, base-catalyzed transesterification, methyl ester, biodiesel 

Production and evaluation of biodiesel from rambutan                                                 

(Nephelium lappaceum L.) seed oil 
Arjie F. Aguila, John Carlo M. Arellano, Kim Dowell D. Panganiban, Rejie C. Magnaye* 

Chemical and Food Engineering Department, College of Engineering, Architecture and Fine Arts, 

Batangas State University, Gov. Pablo Borbon Campus II, Alangilan, Batangas City 4200  

According to [3] and [4], rambutan seeds produce oil at a 

rate of between 30% and 43%. Rambutan seeds are frequently 

discarded as waste, making it worthwhile to investigate their 

conversion to a commercially available fuel substitute. 

The study primarily aimed to produce and evaluate the 

biodiesel produced from rambutan seed oil. The properties of 

rambutan seed oil extracted by using the soaking extraction 

method were determined. The percentage yield from 

transesterification, the difference in biodiesel properties, and 

the efficiency of blended biodiesel in engine emission tests 

were also identified. A comparison of the diesel blended 

rambutan seed oil and rambutan seed oil biodiesel with the 

PNS of CME was also made.    

 

2. Materials and methods 
 

2.1. Rambutan seed oil extraction and characterization  

Rambutan seeds were obtained from Brgy. Tinga, 

Batangas City. Washing and air-drying were done outside of 

the laboratory. It was followed by grinding using mortar and 

pestle, and oven drying at 70ÁC for 1 hour to reduce moisture, 

and then weighed to obtain 30 kg of fine rambutan seeds. 

Moreover, extraction and transesterification processes were 

adopted from the studies of [5] and [6], respectively. Oil was 

1. Introduction 

As a rural country, the Philippines is reliant on               

non-renewable energy assets such as fossil fuels to meet its 

energy needs for transporting products and maintaining a 

comfortable standard of living. However, non-renewable 

resources have a finite supply and will decline over time, 

which has fueled enthusiasm for biofuels as an alternative 

source of energy. The Philippine government has promoted 

the use of biodiesel, resulting in the enactment of the 

Philippine Biofuels Act 9637 in 2006. It has been 

implemented to encourage the use of biofuels requiring the 

mandatory mixing of a 2% biodiesel blend by volume. 

The mono-alkyl esters of long-chain unsaturated fats 

generated from vegetable oils or animal fats make up 

biodiesel, a renewable fuel. Because it is non-combustible and 

non-lethal, biodiesel can be used as a substitute fuel in typical 

diesel engines while also reducing pollutants at the source [1]. 

In the Philippines, coconut oil is the most well-known source 

of biodiesel. However, rambutan seeds have been gaining 

interest in research as potential sources of biodiesel because 

of their high lipid content.  

Rambutan (Nephelium lappaceum L.)  is a medium-sized 

tropical tree that is native to Malay-Indonesian regions and is 

closely related to other edible tropical fruits such as lychee, 

longan, and mamoncillo [2]. 
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extracted from seeds using the soaking process at a ratio of 

1:2. (400 g seed: 800  mL solvent) at varying soaking time in 

4, 5 and 6 d. Following a period of soaking, the grains were 

filtered and pressed to extract the oil. The extracted liquid 

was shaken at 70ÁC in a rotary shaker until no n-hexane was 

detected (Figure 1). 

The percent oil yield was obtained by using the 

following formula:  

 

  

 

 

 

The rambutan seed oil density was determined by using a 

pycnometer. The following characteristics were characterized 

based on the Official Methods of Analysis of the Association 

of Official Agricultural Chemists [7]:  fatty acid content, 

AOAC No. 940.28; free fatty acid content, AOAC No. 

963.22; moisture and volatile matter, AOAC No. 926.12; and 

saponification value, AOAC No. 950.16.  

Following extraction and characterization,                             

base-catalyzed transesterification was used to convert the oil's 

triglycerides to biodiesel, with an oil: methanol molar ratio of 

1:8 and NaOH at a concentration of 2% w/w (oil basis) [8]. 

The 500 mL rambutan seed oil was heated to 55ÁC until all of 

the fats melted. The oil was then treated with a solution of 

500 mL methanol and 7g NaOH as a catalyst. After 2 h of 

agitation, the mixture was transferred to a tightly sealed 

container for 24 h of settling. 

After settling, a biphasic solution was observed. The 

topmost layer yielded rambutan seed biodiesel, whereas the 

bottom yielded glycerin. The biodiesel and glycerin were 

separated by decantation. Washing was performed to remove 

any remaining methanol and glycerin from the biodiesel. 

Warm water was poured into the separatory funnel to 

separate the methyl esters, and after settling, the water was 

drained from the bottom. This procedure was continued until 

the water had a pH of 6-7 and no bubbles were visible. Any 

turbidity indicates the existence of residual water in the fuel, 

which could be evaporated by heating the fuel to 100Á.  

To compute the biodiesel yield percentage, the following 

equation was used:  

  

 

 

 

where: 

             % BY = biodiesel yield 

   VB = volume of biodiesel produced,  mL 

   VO = volume of oil taken,  mL 

 

To generate B2 biodiesel, a 980 mL of neat automotive 

diesel oil (ADO) and 20 mL of rambutan seed pure biodiesel 

(B100) was blended. Biodiesel properties were analyzed 

according to the standard test methods.  

 

2.2. Determination of biodiesel properties 

The biodiesel properties were determined based on the 

standards of the American Society for Testing and Materials 

International [9].   

To determine the density (ASTM D4052-18a) 

approximately 0.7 mL of the 15ÁC sample was introduced 

into an oscillating sample tube to determine the density of the 

sample [10].  

Time was measured for a fixed volume of liquid to flow 

under gravity through a capillary tube of a calibrated 

viscometer for the kinematic viscosity determination (ASTM 

D445-19) following the below equation 

    

where:  V is the kinematic viscosity (mm2/s); C is the 

calibration constant of the viscometer (mm2/s); and t is the 

flow time (s) [11]. 

 

Distillation (ASTM D86) was done on a 100 mL 

specimen using a laboratory batch distillation unit under 

ambient pressure and temperatures of 227ÁC and 337ÁC for 

RME B100 and RME B2 respectively. It was designed to 

provide approximately one theoretical plate fractionation 

[12].  

The specimen was tested at a constant slow rate which 

was heated directly with simultaneous stirring and 

interruption using a brass test cup with a cover to determine 

the flash point (ASTM D93) [13]. Preliminary heating was 

done and it was cooled and examined using PSL pour point 
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Figure 1. Schematic of the rambutan biodiesel production, characterization, and evaluation.  

(1) weight of oil (grams) 
x 100 

weight of seed used (grams) 

% oil yield  =  

% BY 
VB (ml) 

x 100 
VO (ml) 

(2) 

V = C x t (3) 



 

  

 

 tester at intervals of 3ÁC. The observed lowest temperature 

was recorded as the pour point (ASTM D97) [14]. 

A colorimetric method was used for the determination of 

the acid number (ASTM D664) and p-naphthol-benzene was 

added to the solution. After neutralizing the sample with 

KOH it underwent a color change of orange to blue-green 

which indicated the end point [15]. The acid number was 

derived using the equation 

 

The carbon residue was measured after evaporation of 

the sample and heating it to 500ÁC in an inert atmosphere 

based on ASTM D4530. This method covers the 

determination of the amount of carbon residue formed after 

evaporation and pyrolysis of petroleum materials under 

certain conditions and is intended to provide some indication 

of the relative coke forming tendency of such materials [16].  

Two correlations in SI units have been established 

between the ASTM cetane number and the density and 10%, 

50%, and 90% distillation recovery temperatures of the fuel. 

This procedure has been developed for diesel fuels meeting 

the requirements of specification D975 Grades 1-D Low 

Sulfur, No. 1-D, 2-D, and 4-D. This relationship was given by 

the below equation 

 

 

 

 

where: CCI is the calculated cetane index by four-variable 

equation; D is the density at 15ÁC, g/mL (ASTM D1298 or 

D4042); DN is the D ï 0.85; B is the (e-3.5 DN) -1; T10 is the 

10% recovery temperature, ; T10N is T10 - 215; T50 is the 

50% recovery temperature, ; T50N is T50 - 260; T90 is the 

90% recovery temperature, ; and T90N is T90 - 310. All 

temperature determinations were based on ASTM D86, and 

were corrected to standard barometric temperature [17]. 

The sulphur content in the biodiesel was determined by 

using the ultraviolet fluorescence method (ASTM D4294). 

This standard method provides rapid and precise 

measurement of total sulfur in petroleum and petroleum 

products with a minimum of sample preparation. A typical 

analysis time is 1 min to 5 min per sample [18]. 

The measurements of glycerol and polyalcohols, which 

contain three or more adjacent hydroxyl groups, and the total 

glycerin were based on the standards of the American Oil 

Chemists Society (AOCS) [19]. Because glycerol reacts with 

sodium periodate in an acidic solution which in turn forms 

aldehydes and formic acid. AOCS Ea 6-51[20] determines the 

glycerol content of industrial glycerin. The glycerol content is 

expressed as a percentage (m/m). Determination of total 

glycerol was done after saponification, free glycerol was 

taken directly from the sample and the combined glycerol 

was determined by difference [21].  

 

2.3. Performance, emission, and combustion tests  

The biodiesel performance was evaluated based on the 

engine emission characteristics including hydrocarbon (HC), 

carbon monoxide (CO), and nitrogen oxides (NOx). A 

combustion test was also conducted. The results were 

compared with those of the commercially available diesel.  

 

3. Results and discussion  

The yield percentage of extracted oil soaked in with 

rambutan seeds from 4 d, 5 d, and 6 d are shown in Table 1. 

Soaking was done in triplicate per day. The highest yield of 

oil is 45.97% which was obtained from seeds that were 

soaked for 5 d. The result was higher than that of [6] which 

yielded only about 30-40%. 

The properties of the rambutan seed oil that was soaked 

for 5 d are presented in Table 2.  

 

The results of the measurement of rambutan seed oil 

moisture and volatile matter, free fatty acid, and 

saponification number showed less soap formation in the 

biodiesel production which increased the biodiesel yield.  
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 VKOH - 5.61             (4) 

 W  

where:  

     VKOH = Volume of potassium hydroxide (ml) 

          W = Weight of fatty acid oil being examined (g) 

Table 1. Percentage yield of rambutan seed oilΦ 

Day 
Amount of 

Rambutan 

Amount of 

Oil Obtained 
Percentage Yield 

4 200 63.33 36.40%Ñ0.72 

5 200 73.00 45.97%Ñ1.41 

6 200 66.67 38.32%Ñ0.88 

Table 2. Properties of rambutan seed oil after 5 d of soaking. 

Oil Properties  

Density (g/mL) 0.87 

Moisture and Volatile Matter, %w/w 2.62 

Free Fatty Acid (as Oleic Acid) 74.5 

Saponification number 185 

Fatty Acid Profile, w/w   

Caproic (C6) 0.215 

Undecanoic (C11) 0.066 

Palmitic (C16) 4.38 

Palmitoleic (C16:1) 0.465 

Stearic (C18) 5.42 

Oleic (C18:1) 46.3 

Linoleic (C18:2) 3.20 

Linolenic (C18:3) 24.9 

Cis-11-Eicosenoic (C20:1) 8.48 

Cisð11,14-Eicosadienoic (C20:2) 0.016 

Cis-8,11,14-Eicosatrienoic (C20:3n6) 0.014 

Behenic (C22) 4.69 

Erucic (C22:ln4) 1.57 

Cis-11,14,17-Eicosatrienoic (C20:3n3) 0.027 

Cis-5,8,11,14,17-Eicosapentaenoic (C20:5) 0.0203 

  

CCI 

 

 

=45.2 + (0.0892) (T10N) + [0.131 + (0.901)(B)][T10N] 

+ [0.0523ð(0.420)(B)][T90N] 

+ [0.00049][T10N]
2 - T90N)

2] + (107)(B) + (60)(B)2 

(5) 



 

  

The rambutan seed oil then underwent base 

transesterification in triplicates using NaOH as the catalyst to 

convert the rambutan seed oil to RME as shown in Table 3. 

The average volume of converted RME was at 484.33 mL 

and achieved a percent yield of biodiesel of 96.87%.  

 

The produced RME was then washed to eliminate the 

impurities since the experimental procedures involved the use 

of different chemical bases. Washing is necessary because the 

impurities can potentially cause some damage to the engine 

and the equipment used in testing the RMEôs physio-

chemical properties. The average volume of washing RME 

recovered was 464 mL and the percentage yield was 

92.8Ñ1.59% (Table 4). 

In compliance with the PNS based on the Biofuels Act of 

2006, the determination of the properties of RME B100 

(Table 5) and RME B2 (Table 6) was done.  

It is important to take note of the acid number because 

high fuel acidity is related to potential corrosion and engine 

deposits [22]. The experimental value of the acid numbers of 

RME B100 (0.32mg KOH/g)  and RME B2 (0.35mg KOH/g) 

were lower than that of the PNS  (0.5mg/KOH). 

Conradson Carbon Residue (CCR) is a test used to 

provide an indication of the coke forming tendencies of oil 

[23]. This measures the amount of carbonaceous residue 

remaining after the oilôs evaporation and pyrolysis. The result 

of CCR shown in RME B100 and RME B2 were both higher 

(0.4 wt%) than the PNS. This implies that rambutan seed oil 

could potentially yield great amounts of carbon deposits.  

Cetane number is the indicator of the combustion speed 

of diesel fuel and the needed compression for ignition. This is 

an important factor in determining the quality of diesel fuel 

[24]. A high value of cetane fuel would mean shorter ignition 

delay periods than lower cetane fuels. The gathered test 

results of RME B100 and RME B2 were 45.33 and 50, 

respectively. The value of RME B100 did not meet the PNS 

of 50.  

Density is an important factor to consider in fuel because 

densities that are too far apart would lead to the settling of the 

heavier blend [6]. The experimental values of RME B100 

were 0.8880 kg/L at 15ÁC, which failed to meet the PNS of                      

0.820-0.860 kg/L at 15ÁC. 

Distillation of the fuel indicates the temperature at which 

90% of the fuel is recovered. This property affects the heat 

requirement of the combustion to atomize the fuel. The 

gathered result of RME B100 was 270ÁC and RME B2                           

was 337ÁC.  

For the flashpoint, it is the temperature at which the fuel 

will ignite when the combustion conditions are met. A high 

flash point would mean that it is safer to store the fuel at 

ambient temperature environments than with fuels that have 

low flashpoints. The result of the flashpoint test of RME 

B100 was 30.67ÁC and RME B2 was 80.67ÁC. By comparing 

the flashpoint values of [25] which were 65ÁC with a PNS of 

100 and 55 min for CME B100 and CME B2, respectively. 

Aguila et al. / IRJIEST 6 (2020) 25-31 

28 

Table 3. Percentage yield of rambutan methyl ester. 

 

Amount of                

Rambutan Seed 

Oil (mL) 

Amount of             

Converted                

Rambutan Methyl 

Ester (mL) 

Percentage Yield 

(%) 

Average 500 484.33 96.87Ñ0.81 

Table 4. Percentage yield of converted RME after washing. 

 

Amount of                

Rambutan Seed 

Oil (mL) 

Amount of             

Converted                

Rambutan Methyl 

Ester (mL) 

Percentage Yield 

(%) 

Average 500 464 92.8Ñ1.59% 

Table 5. Experimental values of physical, thermal, and 

chemical properties of RME B100 (analysis in                         

triplicates).  

Test Analysis 
Results                 

(Average) 

Acid Number, mg KOH/g sample 0.32Ñ0.01 

Carbon Residue, %mass 0.4Ñ6.80x10-17 

Cetane Number 45.33Ñ0.58 

Density at 15 ÜC, kg/L 0.8880Ñ0.0002 

Distillation AET @ 90% Recovered, C 270.67Ñ1.15 

Flash Point (PM), C 30.67Ñ1.15 

Pour Point, C 8Ñ0.00 

Kinematic Viscosity @ 40 C 2.77Ñ0.06 

Free Glycerin, %mass 0.0238Ñ0.0003 

Total Glycerin, % mass 0.20Ñ0.01 

Sulfur Content, %mass (ppm) 0.0533Ñ0.0001 

Table 6. Experimental values of physical, thermal and   

chemical properties of RME B2 (analysis in triplicates).  

Test Analysis Results                 

Acid Number, mg KOH/g  sample 0.35Ñ6.80x10-17 

Carbon Residue, % mass 0.4Ñ6.80x10-17 

Cetane Number 50Ñ0.00 

Density at 15ÁC, kg/L 0.8485Ñ0.00 

Distillation AET @ 90% Recovered, C 336.67.Ñ0.00 

Flash Point (PM), C 81.33Ñ1.15 

Pour Point, C -15Ñ0.00 

Kinematic Viscosity @ 40ÁC 3.25Ñ0.06 

Free Glycerin, %mass 0.01Ñ0.00 

Total Glycerin, % mass 0.4Ñ3.40x10-17 

Sulfur Content, % mass (ppm) 0.26Ñ0.006 
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Thus, RME B100 would have a greater tendency to ignite at 

ambient temperature.  

For the pour point, it is the temperature below where the 

liquid loses its flow characteristics, and it is also the 

minimum temperature in which the oil can pour down from a 

beaker [26]. The test result of the pour point for the RME 

B100 and RME B2 is 8ÁC and 15ÁC, respectively. Thus, 

below ambient temperature, the RME B100 and B2 

respectively can solidify and be less efficient.  

For the kinematic viscosity, which is a property of liquid 

fuels to resist movement due to intermolecular attraction 

forces. Fuels that have low viscosity would have small spray 

particles and vice versa for the high viscosity fuels [25]. The 

RME B100 and RME B2 results for kinematic viscosity were 

2.77 and 3.25, respectively. Therefore, the produced methyl 

ester was proven to be within the PNS. 

The glycerol portion of the compounds is referred to as 

bound glycerol and if this is added to the free glycerol, the 

sum is known as the total glycerol. The test result of free 

glycerin RME B100 was 0.0238% mass and RME B2 was 

0.01% mass. The results of the total glycerin measurement 

were the same for RME B100 and RME B2 (0.20%). With 

the given data, it was concluded that the conversion of seed 

oil to biodiesel was efficiently done because it is less than the 

0.24% standard value. 

Lastly, for the sulphur content, this is used to facilitate 

sulphate particulate emission reductions that are necessary for 

meeting the 1994 emission standards for heavy-duty highway 

engines. The result of the test for RME B100 was 0.0553% 

mass and for RME B2, 0.26% mass. These results show that 

the RME B100 has a value that exceeds the PNS, however, 

RME B2 has conformed with the given standard. 

Table 7 and 8 shows the comparison of the results of 

RME to the PNS for biodiesel. Table 7 reveals that the RME 

B100 properties of carbon residue, flash point, free glycerin 

and sulphur content have not complied to the PNS B100. 

Thus, it could not be considered as an alternative fuel. On the 

other hand, most of the propertiesô results shown in Table 8 

have complied with the PNS except for the carbon residue. 

3.1. Statistical analysis of the laboratory results 

There is no significant difference between the properties 

of biodiesel (B100) and biodiesel blend (B2) to the PNS for 

CME (Table 9). 

The values of acid number, flash point, pour point, and 

total glycerin, were statistically lower than the PNS for 100% 

CME. However, the carbon residue, cetane number, 

distillation, free glycerin, and sulphur content has given a 

significantly higher value than the given national standard for 

100% CME. Non-significant properties such as density and 

kinematic viscosity are known to be within the range of 

values (Table 10). 

Table 8. Comparison of RME B2 to the PNS B2.  

Properties RME B100 PNS B2 Remarks 

Acid Number 0.35 0.5 max Conform 

Carbon Residue 0.4 0.30 max Not conform 

Cetane Number 50 50 min Conform 

Density 0.8485 0.82 ï 0.86 Conform 

Distillation 337 300 min Conform 

Flash Point 80.67 55 min Conform 

Pour Point -15 5 max Conform 

Kinematic  3.25 2.0 ï 4.5 Conform 

Free Glycerin 0.01 0.02 max Conform 

Total Glycerin 0.20 0.24 max Conform 

Sulfur Content 0.26 0.30 max Conform 

Table 7. Comparison of RME B100 to the PNS B100.  

Properties RME B100 PNS B100 Remarks 

Acid Number 0.32 0.5 max Conform 

Carbon Residue 0.4 0.05 max Not conform 

Cetane Number 45.33 42 min Conform 

Density 0.8880 0.87-0.89 Conform 

Distillation 270.67 250 min Conform 

Flash Point 30.67 100 min Not conform 

Pour Point 8 9 max Conform 

Kinematic             

Viscosity 
2.7 2.0-4.5 Conform 

Free Glycerin 0.0238 0.02 max Not conform 

Total Glycerin 0.20 0.24 max Conform 

Sulfur Content 0.0533 0.05 max Not conform 

Table 9. Difference between the properties of B100                   

produced from rambutan seed oil with the PNS for CME.  

Properties p-values 
Computed  

t-values 

Decision 

on Ho 

Verbal  

Interpretation 

Density 0.237 -1.391 Accept 
No significant     

difference 

Kinematic 

Viscosity 
0.540 0.669 Accept 

No  

significant 

difference 

Distillation 0.00002 -23.434 Reject 
Significantly 

 different 

Flash Point 0.000 78.617 Reject 
Significantly  

different 

Pour Point 0.0002 12.247 Reject 
Significantly  

different 

Acid  

Number 
0.00003 22.045 Reject 

Significantly  

different 

Carbon  

Residue 
0.000 -60.321 Reject 

Significantly  

different 

Cetane 

Number 
0.001 -9.999 Reject 

Significantly  

different 

Free  

Glycerin 
0.00004 -19.379 Reject 

Significantly  

different 

Total  

Glycerin 
0.0003 11.029 Reject 

Significantly  

different 

Sulfur  

Content 
0.000003 -37.796 Reject 

Significantly  

different 



 

  

According to Table 10, RME B2's acid number, pour 

point, free glycerin, total glycerin, and sulphur content are 

significantly lower compared to the PNS for 2% CME and 

the non-significant properties such as cetane number, density, 

and kinematic viscosity are in the range of the national 

standards. However, the carbon residue, distillation, and flash 

point values are significantly higher than the PNS for 2% 

CME. 

 

3.2. Performance testing for RME blend 

Using the engine test, the application of RME B2 was 

analyzed, measured and compared to the emission of the 

commercial diesel (Table 11). 

A car engine with a maximum rotation per minute (rpm) 

of 2000 was used for the engine testing. The gathered data for 

commercial diesel has garnered higher values compared to 

RME B2 in terms of hydrocarbons and carbon dioxide. It also 

implies that as the RME content of the commercial diesel 

increases the hydrocarbon and carbon dioxide composition 

decreases which indicates an improvement within its 

combustion capabilities and is only a good additive. The 

increase in carbon monoxide production in RME denotes 

incomplete combustion that has occurred due to a number of 

reasons such as poor air ratio because of faulty oxygen sensor 

or defective throttle position sensor [27]. Ideally, the 

biodiesel blends are done to reduce the emissions of the 

petroleum diesel and ultimately decrease the greenhouse 

gases that cause air pollution.  

 

4. Conclusions  

The based catalyzed transesterification is an effective 

way of converting rambutan seed oil to methyl ester, which 

resulted in a high percentage yield. There is a significant 

difference between the properties of B2 produced from 

rambutan seed oil with the PNS for CME except for cetane 

number, density, and kinematic viscosity. The majority of the 

results have met the PNS for 2% CME.  Emission test results 

had shown a low value of carbon dioxide and hydrogen 

carbon emissions suggesting that the biodiesel produced can 

only improve the combustion of fuels and serves as an 

additive to commercially available diesel. The following 

investigations are warranted, which include determining the 

effect of increasing the soaking time; apart from 

transesterification, the use of alternative techniques to convert 

seed oil to biodiesel; formulation with different ratios for the 

other blending element of the biodiesel-diesel fuel mixes, and 

evaluating its other potential influence on engine power, 

torque, fuel consumption, and exhaust emission testing.  

 

References 
[1] Joshi A, Gujar A. Experimental studies on performance 

characteristics in diesel engine using different blends of 

WCO biodiesel: a review. International Journal of 

Engineering Research and Technology. 2017;10(1):632-5. 

[2] Shahrajabian MH, Sun W, Khoshkharam M, Cheng Q. 

Rambutan, a tropical plant with ethno-pharmaceutical 

properties. Agrociencia. 2020;54(1):121-8. 

[3] Puangsri T, Abdulkarim SM, Ghazali HM. Properties of 

carica papaya l. (papaya) seed oil following extractions using 

solvent and aqueous enzymatic methods. Journal of Food 

Lipids [Internet]. 2005 Mar;12(1):62-76. Available 

from: https://doi.org/10.1111/j.1745-4522.2005.00006.x 

[4] Winayanuwattikun P, Kaewpiboon C, Piriyakananon K, 

Tantong S, Thakernkarnkit W, Chulalaksananukul W, 

Yongvanich T. Potential plant oil feedstock for lipase-

catalyzed biodiesel production in Thailand. Biomass and 

Bioenergy [Internet]. 2008 Dec;32(12):1279-86. Available 

from: https://doi.org/10.1016/j.biombioe.2008.03.006 

[5] Mamilla VR, Mallikarjun MV, Rao GL. Biodiesel 

production from palm oil by transesterification method. 

International Journal of Current Research. 2012 Aug;4(8):083

-8. 

[6] Wong CS, Othman R. Biodiesel production by enzymatic 

transesterification of papaya seed oil and rambutan seed oil. 

International Journal of Engineering and Technology (IJET). 

2015 Jan;6(6):2773-7. 

[7] Horwitz W, Chichilo P, Reynolds H. Official Methods of 

Analysis of the Association of Official Agricultural Chemists 

(AOAC). AOAC International: Gaithersburg, MD, USA. 

2012. 

[8] Gerpen JV. Biodiesel processing and production. Fuel 

Processing Technology [Internet]. 2005 Jun;86(10):1097-107. 

Aguila et al. / IRJIEST 6 (2020) 25-31 

30 

Table 10. Difference between the properties of B2               

produced from rambutan seed oil with the PNS for CME.  

Properties p-values 
Computed 

t-values 

Decision 

on Ho 

Verbal  

Interpretation 

Density 0.502 -0.736 Accept 
No significant   

difference 

Kinematic 

Viscosity 
0.997 0.005 Accept 

No significant  

difference 

Distillation 0.000001 -55.000 Reject 
Significantly  

different 

Flash Point 0.000008 -29.103 Reject 
Significantly  

different 

Pour Point 0.000 344.691 Reject 
Significantly  

different 

Acid  

Number 
0.00001 25.852 Reject 

Significantly  

different 

Carbon 

Residue 
0.0003 -12.247 Reject 

Significantly  

different 

Cetane 

Number 
1.000 0.000 Accept 

No significant  

difference 

Free  

Glycerin 
0.00007 17.235 Reject 

Significantly  

different 

Total  

Glycerin 
0.002 6.967 Reject 

Significantly  

different 

Sulfur 

Content 
0.000008 -29.515 Reject 

Significantly  

different 

Table 11. Engine emission results for the RME B2. 

Properties Commercial Rambutan Methyl 

Hydrocarbon (HC) 220 ppm 180 ppm 

Carbon Monoxide (CO) 0.08% 0.09% 

Carbon Dioxide (CO2) 4.4% 4.1% 

https://doi.org/10.1111/j.1745-4522.2005.00006.x
https://doi.org/10.1016/j.biombioe.2008.03.006


 

  

 

Available from: https://doi.org/10.1016/j.fuproc.2004.11.005 

[9] ASTM International - Standards Worldwide [Internet]. 

Book of standards - products & services. Available 

from: https://www.astm.org/products-services/bos.html 

[10] ASTM International. ASTM D4052-18a. Standard test 

method for density, relative density, and API gravity of 

liquids by digital density meter [Internet]. West 

Conshohocken (PA): 2018. Available from: https://

www.astm.org/d4052-18a.html 

[11] ASTM International. ASTM D445-18. Standard test 

method for kinematic viscosity of transparent and opaque 

liquids (and calculation of dynamic viscosity) [Internet]. West 

Conshohocken (PA): 2018. Available from: https://

www.astm.org/d0445-18.html 

[12] ASTM International. ASTM D86. Standard test method 

for distillation of petroleum products and liquid fuels at 

atmospheric pressure [Internet]. West Conshohocken (PA): 

2018. Available from: https://www.astm.org/d0086-18.html 

[13] ASTM International. ASTM D93. Standard test methods 

for flash point by pensky-martens closed cup tester [Internet]. 

West Conshohocken (PA): 2018. Available from: https://

www.astm.org/d0093-18.html 

[14] ASTM International. ASTM D97. Standard test method 

for pour point of petroleum products [Internet]. West 

Conshohocken (PA): 2017. Available from: https://

www.astm.org/d0097-17.html 

[15] ASTM International. ASTM D664. Standard test method 

for acid number of petroleum products by potentiometric 

titration [Internet]. West Conshohocken (PA): 2018. 

Available from: https://www.astm.org/d0664-18.html  

[16] ASTM International. ASTM D4530. Standard test 

method for determination of carbon residue (micro method) 

[Internet]. West Conshohocken (PA): 2015. Available 

from: https://www.astm.org/d4530-15.html 

[17] ASTM International. ASTM D4737. Standard test 

method for calculated cetane index by four variable equation 

[Internet]. West Conshohocken (PA): 2010. Available 

from: https://www.astm.org/d4737-10.html 

[18] ASTM International. ASTM D4294. Standard test 

method for sulfur in petroleum and petroleum products by 

energy dispersive x-ray fluorescence spectrometry [Internet]. 

West Conshohocken (PA): 2016. Available from: https://

www.astm.org/d4294-16.html 

[19] The American Oil Chemists' Society [Internet]. AOCS. 

Available from: https://www.aocs.org/info/about-aocs?

SSO=True 

[20] The American Oil Chemists' Society. AOCS Official 

Method Ea 6-51. Glycerol, Sodium Periodate Oxidation 

Method [Internet]. Urbana, IL; 2017. Available from: https://

www.aocs.org/attain-lab-services/methods/methods/search-

results?method=112572&amp;SSO=True 

[21] The American Oil Chemists' Society. AOCS Official 

Method Ca 14-56. Total, Free and Combined Glycerol in Fats 

and Oils, Iodometric-Periodic Acid Method [Internet]. 

Urbana, IL; 2017. Available from: https://www.aocs.org/

attain-lab-services/methods/methods/search-results?

method=111466&amp;SSO=True 

[22] Chong KJ, Bridgwater AV. Fast pyrolysis oil fuel blend 

for marine vessels. Environmental Progress & Sustainable 

Energy [Internet]. 2016 Jun 25;36(3):677-84. Available 

from: https://doi.org/10.1002/ep.12402 

[23] Noel F. Alternative to the Conradson carbon residue test. 

Fuel [Internet]. 1984 Jul;63(7):931-4. Available from: https://

doi.org/10.1016/0016-2361(84)90312-0 

[24] Allawi MK, Mejbel MK, Younis YM, Mezher SJ. A 

simulation of the effect of iraqi diesel fuel cetane number on 

the performance of a compression ignition engine. 

International Review of Mechanical Engineering (IREME) 

[Internet]. 2020 Mar 31;14(3):151. Available from: https://

doi.org/10.15866/ireme.v14i3.18137 

[25] Alcantara, GPC. et al. Parametric Variation in the 

Production of Biodiesel from Jatropha Curcas Linn (Tubang-

Bakod) Seeds [unpublished thesis]. Batangas City, Batangas: 

Batangas State University; 2013. 

[26] Rouse TO. Mineral insulating oil in transformers. IEEE 

Electrical Insulation Magazine [Internet]. 1998 May;14(3):6-

16. Available from: https://doi.org/10.1109/57.675572 

[27] Montero G, editor. Biodiesel- quality, emissions and by-

products [Internet]. [place unknown]: InTech; 2011. 

Available from: https://doi.org/10.5772/2284  

31 

Aguila et al. / IRJIEST 6 (2020) 25-31 

https://doi.org/10.1016/j.fuproc.2004.11.005
https://www.astm.org/products-services/bos.html
https://www.astm.org/d4052-18a.html
https://www.astm.org/d4052-18a.html
https://www.astm.org/d0445-18.html
https://www.astm.org/d0445-18.html
https://www.astm.org/d0086-18.html
https://www.astm.org/d0093-18.html
https://www.astm.org/d0093-18.html
https://www.astm.org/d0097-17.html
https://www.astm.org/d0097-17.html
https://www.astm.org/d0664-18.html
https://www.astm.org/d4530-15.html
https://www.astm.org/d4737-10.html
https://www.astm.org/d4294-16.html
https://www.astm.org/d4294-16.html
https://www.aocs.org/info/about-aocs?SSO=True
https://www.aocs.org/info/about-aocs?SSO=True
https://www.aocs.org/attain-lab-services/methods/methods/search-results?method=112572&amp;SSO=True
https://www.aocs.org/attain-lab-services/methods/methods/search-results?method=112572&amp;SSO=True
https://www.aocs.org/attain-lab-services/methods/methods/search-results?method=112572&amp;SSO=True
https://www.aocs.org/attain-lab-services/methods/methods/search-results?method=111466&amp;SSO=True
https://www.aocs.org/attain-lab-services/methods/methods/search-results?method=111466&amp;SSO=True
https://www.aocs.org/attain-lab-services/methods/methods/search-results?method=111466&amp;SSO=True
https://doi.org/10.1002/ep.12402
https://doi.org/10.1016/0016-2361(84)90312-0
https://doi.org/10.1016/0016-2361(84)90312-0
https://doi.org/10.15866/ireme.v14i3.18137
https://doi.org/10.15866/ireme.v14i3.18137
https://doi.org/10.1109/57.675572
https://doi.org/10.5772/2284


 

  

ABSTRACT 

Silica or silicon dioxide (SiO2) is an indispensable material in many industrial applications. The increasing use of silicon-based 

material in the development of anode electrodes for batteries is owed to the high theoretical capacity of silicon. The problem of 

silicon's large volume change upon lithiation can be circumvented by obtaining an amorphous structure in its oxide form and 

reducing the particle size to nano-size particles. On the other hand, the silicon oxide electronic conductivity can be improved by 

doping or incorporating an electronically conductive material like iron. Furthermore, the development of cheap anode material 

for lithium (Li) batteries using silica from waste rice hull (RH) is sustainable and a promising approach. In the present study, the 

microstructure of the iron-doped amorphous nanosilica (Fe-doped AnS) synthesized from Philippine waste RH (PWRH) and its 

initial electrochemical performance as an anode material for Li battery were investigated. Properties of the Fe-doped AnS 

material were characterized using Scanning Electron Microscope with Energy Dispersive Spectroscopy (SEM-EDS), X-ray 

Diffraction (XRD), and Fourier Transform Infrared (FTIR). Results of the SEM-EDS and XRD analyses of the Fe-doped AnS 

revealed the presence of amorphous silica (SiO2), amorphous carbon (C), and maghemite (ɔ-Fe2O3) structure with a 

homogeneous distribution of the elements as suggested by EDS. FTIR spectra revealed the occurrence of the different absorption 

bands of the synthesized material while the galvanostatic discharge-charge performance of the Fe-doped AnS working electrode 

revealed a specific capacity of 1,232 mAh/g upon lithiation and 8 mAh/g upon delithiation. The resulting lithiation capacity of 

the prepared battery cell is almost four times more as compared to the commercial graphite anode material. These results suggest 

that AnS synthesized from cheap and abundant PWRH can be promising anode material for Li batteries.  

 

Keywords: agricultural waste, anode material, lithium battery, nanosilica, rice hull  
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because of its limited direct uses and applications. Farmers 

and millers often reduced this voluminous waste through open 

field burning wherein the ash turned into crystalline silica 

which is known hazardous to the human respiratory system 

when inhaled. Aside from the crystalline form of silica, 

amorphous SiO2 can also be extracted from RH by controlled 

temperature treatment. Likewise, in order to obtain high 

purity of silica, pre-and-post treatment processes on raw RH 

must also be considered [6, 8].  
Though the use of silica from RH has been extensive 

research for decades, its application is still limited to 

conventional utilization in low-value agricultural items, heat, 

and energy sources, additives in construction materials, and 

many others [7].  Some researchers from other countries also 
investigated the potential of silica and silicon extracted from 

RH for semiconductor, solar technology, and even as 

electrode material for both Li and LIB applications [2, 9]. 

With the abundance of waste RH in the Philippines [6], 

renewable and cheap source of AnS for the development of 

anode material is very promising. 

In this present study, AnS synthesized from Philippine 

waste RH as an anode raw material for Li battery by doping 

or incorporating it with electronically conductive material 

1. Introduction 

The issue of energy mobility and support for the 

intermittency of renewable energy are some of the reasons for 

the improvement and development of lithium-ion batteries 

(LIB) [1]. The development of silicon-based anode material 

for LIB is rapidly increasing; this is because of the inherent 

theoretical specific capacity of silicon which is around                     

4,000 ï 4,200 mAh/g [1-3]. Nevertheless, silicon usually 

suffers capacity fading due to large volume changes during 

the charge and discharge cycling process; however, such issue 

can be improved when the particles are reduced to nanoscale 

sizes [1, 2, 4]. In addition, bulk silica is known to have low 

electronic conductivity and is an electrochemically inactive 

material for LIB [3]. In order to improve electronic 

conductivity, silica can be doped with electronically 

conductive materials like Fe [5]. Along with the increasing 

demand for the use of these energy storage for portable 

gadgets and renewable energy support, more alternative 

materials are likewise needed to sustain its production and to 

make it at an even cheaper cost.  

RH is known as very rich in silica and is considered 

among the top agricultural waste in the Philippines [6, 7]. The 

volume of waste RH is continuously increasing elsewhere 
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was investigated. The microstructure and initial 

electrochemical performance of the prepared working anode 

electrode were evaluated. 

 

2. Materials and methods 
 

2.1. Materials 

The precursor material used was AnS synthesized from 

Philippine waste RH which was prepared by calcination, 

leaching, and acid precipitation methods [8]. Other raw 

materials used were: iron acetate (Fe(C2H3O2)2,                           

Sigma-Aldrich); carbon black (CB, Emfutur); polyvinylidene 

fluoride (PVDF, Sigma-Aldrich); lithium foil (LF,                        

Sigma-Aldrich); 1 M of lithium hexafluorophosphate (LiPF6, 

Sigma-Aldrich) solution in 1:1 EC:DMC volume ratio; and N

-Methyl 2-pyrrolidinone (NMP, J.T. Baker) liquid solvent. 

 

2.2. Fe doping of the AnS  via  solid-state reaction  

Since bulk silica has low electronic conductivity and 

electrochemically inactive material [3], the conductivity of 

the AnS material was enhanced by doping or incorporation of 

5 mol % of Fe. The mixture was prepared by solid-state 

reaction. The stoichiometric amounts of each material were 

calculated from the molecular weights and mole ratio of the 

materials with the assumption that the AnS is 100 % pure 

silica and the Fe(C2H3O2)2 is 95 % pure (according to 

package). About 0.1927 grams of Fe(C2H3O2)2 is to 1.2 grams 

of AnS were the computed gravimetric amounts. The 

weighed amounts of Fe(C2H3O2)2 and AnS were mixed and 

ground in an agate mortar and pestle for around one hour to 

ensure homogenous mixing of the two different materials. 

Then, the mixture was subjected to annealing at 400oC in an 

electric furnace for one hour with 10 oC/min ramping rate. 

The annealed mixture is referred to as the Fe-doped AnS. 

 

2.3. Working electrode preparation   

The method of preparing the working anode electrode 

and materials ratio was adopted from [2]. The materials 

proportion was as follows: Fe-doped AnS as active material; 

60 weight %; CB as an electronic conductor 20 weight %; 

and PVDF as the binder 20 weight % [2]. The weighed 

materials were mixed and were homogenized by continuous 

grinding for 1 hour. Small drops of NMP liquid solvent were 

added to the homogenized dry materials and again ground 

until a semi-viscous solution was achieved. 

The semi-viscous solution was dispersed into a pre-

weighed current collector (about 1 cm diameter) by 

brushing. The current collector with dispersed anode 

material was dried in an oven at 100 - 160 oC for at 

least 1 hour. The target amount of dried active 

materials deposited onto the current collector was ~ 3 

mg/cm2 [1].  

A battery was assembled using a Swagelok as a cell and 

was performed inside an argon-filled glove box. The battery 

cell consisted of the following: the prepared anode materials 

deposited in a current collector as the anode electrode, a 

paper as the separator, the LF as the counter electrode 

(cathode), and 1M LiPF6 solution in 1:1 EC:DMC volume 

ratio as the electrolyte. 

  

2.4. Characterizations 

The morphology of the Fe-doped AnS was 

determined by SEM and the composition was obtained 

by the EDS. The structure is characterized by the XRD 

technique. The occurrence of the functional bands in 

the sample was determined using FTIR. 

The initial electrochemical property of the Fe-doped AnS 

sample was evaluated by galvanostatic charge-discharge and 

cyclic voltammetry (CV) methods in an electrochemical work 

station (VMP-300, BioLogic Science Instruments). The 

prepared battery cell consisted of the following materials: 

anode electrode prepared from Fe-doped AnS, CB, and 

PVDF (60:20:20 ratio); LF as cathode; and 1 M LiPF6 

solution in 1:1 EC:DMC volume ratio as electrolyte. The 

voltage profile of the assembled battery cell was measured 

between 0 to 3 V vs. Li/Li+ at 23.15 mA/g for both discharge 

and charge. Initial CV measurements were performed at two 

different scan rates (10 mV/s and 0.5 mV/s) and both at scan 

voltages of 0 - 3 V. 

 

3. Results and discussion 
 

3.1. SEM-EDS analysis of the Fe-doped AnS 

The SEM micrograph of the Fe-doped AnS at x40k 

magnification is shown in Figure 1a. The EDS pattern 

(Figure 1b) revealed that the elements present in the 

sample are silicon (Si), oxygen (O), carbon (C), and 

iron (Fe) with 43.4, 30.0, 23.4, and 3.2 wt. %, 

respectively. The EDS elemental mapping analyses of 

Si, O, C, and Fe are shown in Figure 1c. revealing a 

homogeneous distribution of elements as evidently 

shown in the map. 

Figure 1. SEM a) micrograph at x40k magnification, b) EDS 

pattern and elemental composition, and c) EDS elemental 

mapping of the Fe-doped AnS. 
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 3.2. XRD analysis of the Fe-doped AnS 

Figure 2 shows the XRD pattern of the Fe-doped AnS. 

The appearance of a broad peak centered at 21.84 (2 theta) 

degrees is a characteristic of amorphous SiO2 or short-range 

nanocrystallite structure. The broad peak beside the 

amorphous SiO2 at about 23.8 and 43.4 (2 theta) degrees can 

be attributed to the presence of amorphous C in the sample 

[10]. Also, the peaks at 30.18 (220), 35.54 (311), 42.18 (400), 

54.02 (422), 57.48 (511), and 63.02 (440) (2 theta) degrees 

are characteristics of ɔ-Fe2O3 nanoparticles annealed at 400 
oC [11]. 

 

Figure 2.  XRD pattern of the Fe-doped AnS. 

 

3.3. FTIR Analysis of Fe-doped AnS 

Figure 3 shows the FTIR spectrum of the Fe-doped AnS. 

The absorbance peaks that appeared at 439, 802, 1049 cm-1 

are associated with the bending vibrations, symmetric 

stretching, and asymmetric stretching of Si-O-Si chains, 

respectively [8]. The absorbance peak that appeared at 1632 

cm-1 can be associated with the presence of some aromatic 

C=C vibrations which were activated by the neighboring 

oxygen groups [12]. The absorbance peaks observed at 3393 

and 1632 cm-1 are due to the presence of surface hydroxyls 

and chemically absorbed water in the sample [13]. 

 

 

3.4. Charge-discharge profile of the prepared working 

electrode 

The voltage profile of the assembled battery cell from 

the prepared working electrode vs. Li/Li+ at 0 to 3 V was 

determined. The voltage profile of the galvanostatic test of 

the working electrode from the prepared Fe-doped AnS anode 

material is shown in Figure 4. 

 

The lithiation (discharging) and delithiation (charging) 

capacity of the assembled battery cell were evaluated at a 

current density of 23.15 mAh/g. The current density was 

calculated based on the current (0.05 mA) and the active 

materials (AnS) in the anode electrode (about 0.00216 g). The 

specific capacity was also calculated based on the current 

density and the time used in lithiation and delithiation. The 

lithiation capacity result is considerably high at about 1232 

mAh/g. However, the delithiation capacity curve is very steep 

resulting in only 8 mAh/g capacity and a low coulombic 

efficiency of about 0.65 % only. 

The successive small plateaus in the potential range of 1.7 

to 1.2 V during lithiation are due to intercalation of the Li 

into the Fe2O3 structure and also the conversion of iron from 

Fe(III) to Fe(II) to Fe(0) [14]. The possible reaction happens 

on AnS reduced to silicon and forming as well Li2O during 

lithiation/delithiation and this can be rewritten as in Eq. 1a, 

Eq. 1b, and Eq. 2 [15]:  

 

SiOx + yLi
+ + ye- Ÿ Si + LiyOx    (1a) 

yLi+ + SiOx + ye
- Ÿ LiySiOx     (1b) 

yLi+ + Si + ye- ź LiySi                           (2) 

 

The reaction in Eq. 1a and Eq. 1b are irreversible capacity 

while the reaction in Eq. 2 corresponds to the reversible 

capacity. 

 

3.5. Cyclic voltammetry measurement of the prepared 

working electrode  

Initial CV measurements of the assembled battery cell 

with Fe-doped AnS working electrode (anode) versus Li/Li+ 

were performed at two different scan rates and scan voltage 

of 0 - 3 V. The cyclic voltammogram of the sample was 

measured by the following conditions: first cycle - open-

circuit voltage (OCV) to 0 V and from 0 V to 3 V at 10 mV/s 

rates; and second cycle - open-circuit voltage (OCV) to 0 V 

and from 0 V to 3 V at 0.5 mV/s rates.  

Figure 5 shows the cyclic voltammogram of the Fe-doped 

AnS anode material at 10 mV/s. The battery cell has an OCV 

of 0.389 V. As can be observed in the figure, there is no 

reaction happening in the oxidation and reduction voltages 

during the first cycle. However, in the second cycle, a pair of 

silicon lithiation at 0.50 V and delithiation at 0.24 V occurred 

[15].  
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Figure 4. The voltage profile of the galvanostatic test on the 

prepared Fe-doped AnS anode material. 



 

  

 

 

Figure 6 shows the cyclic voltammogram of the Fe-doped 

AnS anode material at 0.5 mV/s. The battery cell has an OCV 

of 0.426 V. The oxidation and reduction voltage peaks 

occurred in the sample at its first cycle. The reduction peak at 

0.07 V is associated with the lithiation of silica while the 

oxidation peaks at 0.37 and 0.65 V can be related to the 

delithiation of silica [15].  

 

 

4. Conclusions 
The AnS synthesized from the PWRH was successfully 

incorporated with Li as evident from the results of XRD,          

SEM-EDS and FTIR analyses. EDS mapping revealed the 

elemental distribution in the samples. 

The initial investigation on the electrochemical 

performance of the 5 mol % Fe-doped AnS revealed a 

specific capacity of 1232 mAh/g upon lithiation; however, 

only 8 mAh/g upon delithiation. The lithiation capacity is 

almost four times more as compared to the commercial 

graphite anode. This indicates that AnS synthesized from 

PWRH is a potential anode raw material for lithium batteries 

production. 

Further study on the amount of Fe dopant in the 

amorphous silica and detailed analysis and enhancement on 

the charge and discharge results are recommended. 
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ABSTRACT 

The respiratory response of activated sludge measured as oxygen uptake rate is a practical screening indicator of a substanceôs 

toxicity. Silica (SiO2) nanoparticles could partially inhibit activated sludge respiration. But it remains a work in progress how the 

removal performance of a biological wastewater treatment could remain fairly stable despite the observed activated sludge 

respiration inhibition. Here, we both considered a batch short-term and a continuous long-term experiment to compare the 

respiratory response of activated sludge when exposed to 1 mg/L SiO2 nanoparticles in a lab-scale membrane bioreactor (MBR).  

 

Keywords: silica nanoparticles, nitrifying bacteria, activated sludge, membrane bioreactor   

Further insights into the respiratory response of activated sludge in a lab-scale 

membrance bioreactor to short-term and long-term exposure to silica nanoparticles 
Mark L. Sibag, Jinwoo Cho* 

Department of Environment and Energy, Sejong University, 98 Gunja-Dong, Gwangjin-Gu, Seoul 143-747, Republic of Korea 

high concentrations in activated sludge [10]. They exhibit 

substantial stability in wastewater due to their low point of 

zero charge; thus, are more difficult to remove in wastewater 

treatment plants via aggregation-sedimentation [11]. Their 

strong negatively charged surfaces result in electrostatic 

repulsion causing most of them to remain suspended in the 

mixed liquor [12] where they can interact with activated 

sludge. The consequence of this interaction can be assessed in 

terms of toxicity to some of the biological processes in 

activated sludge. 

An extensive review of the literature shows that the 

currently proposed mechanisms of toxicity of metal oxide 

nanoparticles including SiO2 nanoparticles are largely based 

on their interaction with model bacteria [13].  But recently, 

some of these proposed mechanisms such as adsorption on 

the surface of the bacterial cell membrane [5,11,14] and 

subsequent internalization [15] have already been observed in 

activated sludge under the electron microscope.  

The number of experimental investigations dealing with 

SiO2 nanoparticles in activated sludge is very limited and has 

so far reported contrasting results. One reason is that while 

different configurations of the biological wastewater 

treatment system exist, it is likely to observe some differences 

in the results of experimental investigations of SiO2 

nanoparticle toxicity to activated sludge between a laboratory

-scale sequential batch system [15,16] and a membrane 

bioreactor (MBR) system [17]. Another one could be that 

variations exist between systems of the same configuration 

but different operating conditions and experimental variables. 

For example, the removal of ammonia nitrogen (NH3-N) in 

both a lab-scale MBR and SBR remained stable [11,16,17] 

despite the observed inhibition of activated sludge respiration. 

Contrary to these results, low removal of ammonia nitrogen, 

low activated sludge respiration rate, and a varying relative 

abundance of the community of nitrifying bacteria were 

observed in a lab-scale SBR, but this study involved 

increasing concentrations of SiO2 nanoparticles over time 

1. Introduction 
Respiration is fundamental to the activated sludge 

process. It facilitates the removal of the electron-donating 

organic matter and ammonia in wastewater with the uptake of 

oxygen, the terminal electron acceptor.  As the electrons are 

transferred from the electron donor to the terminal electron 

acceptor, an electrochemical gradient is formed that facilitates 

the generation of energy. This energy is in the form of 

adenosine triphosphate (ATP), which keeps the activated 

sludge microorganisms viable. Thus, respiration can be used 

to describe the general status of microbial activity in activated 

sludge.  

Activated sludge respiration can be measured by means 

of oxygen uptake rate (OUR). Although various oxygen-

consuming processes occur in activated sludge, the OUR 

from oxidation of organic matter by heterotrophs and 

ammonia by autotrophic nitrifiers can be easily distinguished 

by using a selective inhibitor. This respirometric method has 

been widely used due to the simplicity and flexibility of the 

test execution. For instance, it has been used to investigate the 

respiratory response of activated sludge to chemical 

contaminants including nanoparticles [1]. 

Nanoparticles are considered a group of contaminants of 

emerging concern [2]. They are not necessarily novel 

materials nor initially toxic but their recent detection in the 

environment has raised questions regarding their potential 

adverse effects on biological processes [3]. Coming from 

various sources including consumer products and industries, 

they are most likely to end up in sewage and wastewater 

[2,4]. This suggests that nanoparticles not only make the 

wastewater treatment systems a ñgatewayò for the subsequent 

transport of free nanoparticles but also a ñsite of exposure.ò 

This raises another equally important concern, the 

consequences of their interaction with activated sludge [5-8]. 

Silica (SiO2) nanoparticles are among the metal oxide 

nanoparticles that can be detected in trace amounts [9] or in 
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[15]. Lastly, whether the interaction between SiO2 

nanoparticles and activated sludge, and the observed toxicity 

response and associated changes in the microbial community 

structure and function remains a work in progress.   

Here, we further investigated SiO2 nanoparticles 

inhibition of activated sludge respiration by considering the 

two components of the total respiration, the respiration due to 

nitrification and general heterotrophic oxidation. We 

conducted both a short-term batch and long-term continuous 

exposure of MBR activated sludge to SiO2 nanoparticles. In 

addition to respirometry, we monitored the transformation of 

NH3-N and the changes in the relative abundance of select 

representative nitrifying bacterial communities, the ammonia-

oxidizing bacteria (AOB), and the nitrite-oxidizing bacteria 

(NOB), by quantitative fluorescent in situ hybridization 

(FISH).  

 

2. Materials and methods 
 

2.1. MBR operation and monitoring 

The acrylic lab-scale MBR had a working volume of 10 

L. Inside it was a flat sheet (area, 0.1 m2; pore size, 0.25 ɛm), 

chlorinated polyvinyl chloride (C-PVC) membrane module 

(GS Yuasa Corp., Japan). Below the membrane module was a 

fine bubble air diffuser and the aeration was regulated at 5 L/

min through an airflow meter (Dwyer, IN).  

The lab-scale MBR was seeded with activated sludge 

obtained from the aerobic basin of a domestic wastewater 

treatment plant (Janghanpyeong, Seoul, South Korea). It was 

fed with synthetic wastewater prepared as previously 

described [18]and was operated as follows: influent flow rate, 

20 mL/min; hydraulic retention time (HRT), 8 h; solids 

retention time (SRT), 20 days and permeate flux, 12 L/m2/h 

(LMH).  

When the lab-scale MBR operation reached a steady 

state [i.e. when the removal of chemical oxygen demand 

(COD) and ammonia nitrogen (NH3-N) removal was stable] 

we initiated the exposure of activated sludge to SiO2 NPs, as 

will be described later.  

The performance of the lab-scale MBR was monitored 

prior to and after the exposure to SiO2 NPs. The                           

concentrations of COD and NH3-N in both the influent (Ci) 

and effluent (Ci) were analyzed colorimetrically by                     

using water quality test kits (C-MAC Co., Ltd., South                   

Korea) and measured with a UV-Vis spectrophotometer                   

(Optizen, Mecasys Co., Ltd., South Korea).                                      

The removal  efficiency  was calculated based on the                  

equation The concentration of nitrite (NO2
-) 

nitrogen and nitrate (NO3
-) nitrogen in the effluent was also 

determined by using the same procedure described above. 

The cumulative sum chart, or Cusum, was used in plotting the 

time-series data to clearly visualize a change in the level of 

the performance [19] before and after exposure to SiO2                  

nanoparticles.  

The pH (7.2Ñ0.3), DO (2.4Ñ1) and temperature 

(21.2Ñ0.8) were measured by using Thermo probes (Thermo 

Fisher Scientific Inc., MA). The biomass in the lab-scale 

MBR was estimated based on the mixed liquor suspended 

solids (MLSS) and mixed liquor volatile suspended solids 

(MLVSS) following the Standard Methods [20].  

 

2.2. Activated sludge respiration inhibition tests 

 

2.2.1. Batch experiment: short-term exposure 

The respiration inhibition test was based on the OECD 

209 test guidelines [21] and as described elsewhere [22,23]. 

The activated  sludge  inoculum  was  taken  from the  waste 

38 

Figure 1. Schematic of the experimental design. 
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activated sludge of the lab-scale MBR at a steady state prior 

to the exposure of the activated sludge to SiO2 NPs. 

Briefly, the test was conducted by measuring the                  

respiration rate based on the OUR of the activated sludge in 

the presence of SiO2 NPs. The nominal concentrations of the 

SiO2 NPs were arbitrarily selected: 1 mg/mL, 10 mg/L and 

100 mg/mL. 

The respiration rate was also obtained for the blank 

control, RB (OECD medium plus SiO2 NPs, no activated 

sludge); abiotic control, RA (SiO2 NPs only), and the 

reference               respiration inhibitory substances 3,5-

dichlorophenol (1-100 mg/mL) and copper (II) sulphate (1-

400 ug/mL). The final volume of each test mixture was 100 

mL.  

The OUR was determined after 30 minutesô exposure 

(incubation time) of activated sludge to SiO2 NPs.  60 mL of 

the test mixtures was transferred into 60 mL BOD bottles 

(Wheaton, NJ) and the OUR was measured using DO probes 

connected to a portable stand-alone data collection and             

analysis device (LabNavigatorÊ, Forston Labs, Fort Collins, 

CO).  

The OUR from nitrification (RN) was obtained by                  

differential respirometry. N-allylthiourea (ATU) was used at a 

final concentration of 11.6 mg ATU/L to completely inhibit 

nitrification. Thus, the measured respiration rate with and 

without ATU added corresponded to the total respiration (RT) 

and heterotrophic respiration (RH), respectively. The RN was 

calculated based on the equation RN = RT-RH and the                       

percentage inhibition (IT,H,N), based on the equation IT,H,N = [1-

(RT,H,N-RTA,HA,NA)/RTB,HB,NB] x 100%. The biomass-specific 

respiration rates (RTS, RHS and RNS) were obtained by dividing 

them by the corresponding values of MLVSS concentration. 

 

2.2.2. Continuous flow experiment: long-term exposure 

During the steady state lab-scale MBR operation, the 

SiO2 NPs (ST-20L SnowtexÊ, Nissan Chemical Industries, 

Ltd., USA) were added into the influent at a final                          

concentration of 1 mg/L. This value was enough to elicit 

measurable respiratory responses from the activated sludge as 

we determined experimentally (Figure S1). 

The three OUR determinations: total, heterotrophic and 

nitrification, were also performed following the same 

procedure for the batch experiment except that these were 

done repeatedly at a weekly interval from startup until the 4th 

week of exposure of activated sludge to SiO2 NPs in the lab-

scale MBR.   

 

2.3. Quantitative FISH analysis of representative nitrifying 

bacteria 

We quantified the relative abundance of nitrifying               

bacteria by using FISH [24], which was performed with 

rRNA-targeted oligonucleotide probes specific to AOB and 

NOB.  The Cy3-labeled probe mixture containing the probes 

Nso1225[25] and NmV [26] was used to detect the                       

betaproteobacterial AOB and its representative,                             

Nitrosococcus mobilis, respectively. A mixture of                         

Cy5-labeled probes was used to detect the two representative 

genera of the NOB community: probe Ntspa662 for                      

Nitrospira [27] and NIT3 for Nitrobacter [28]. SYBRÈ 

Green I (InvitrogenÊ, Thermo Fisher Scientific, CA) was 

used to stain the total microbial biomass [29].   

Images from the confocal laser scanning microscope 

(Leica TCS SP5, Leica Microsystems, Germany) were             

acquired for subsequent quantification (Image-Pro Plus,               

Media Cybernetics, MD) as previously described [29]. 

 

3.  Results and discussion 
 

3.1. Short-term, batch experiments show inhibition of              

nitrification 

The S was the component of the RTS significantly                    

inhibited by SiO2 NPs in the short-term, batch experiments 

repeated twelve times on different occasions. The showed 

more susceptibility to the respiration-inhibitory effect of the 

exposure of activated sludge to SiO2 NPs than did the RHS. 

Prior to the exposure of activated sludge to SiO2 NPs, the S 

accounted for 22% to 44% of the RTS while the RHS accounted 

for the remaining percentage (Table 1). The inhibition was 

also dependent on SiO2  NPsô concentration. It was as low as 

13% with 1 mg/L SiO2 NPs and as high as 100% with 100 

mg/L SiO2 NPs. 

 

The reason for the observed susceptibility to inhibition by 

SiO2 NPs is unknown. A similar inhibition response of 

activated sludge was also found in other metal oxide                   

nanoparticles and the elucidated mode of action has often 

been linked to oxidative stress [13].  Of all the hypotheses 

related to the general mechanism of nanoparticlesô toxicity to 

biological systems, oxidative stress is the one more likely 

pertinent and testable for SiO2 NPsô inhibition activated 

sludge respiration.  

SiO2 NPs through the negatively charged silanols on the 

surface are capable of electrostatic interactions with the cell 

membrane [30]. Indirect evidence to this is the apparent   

structural embedding and sorption of SiO2 NPs on a                     

filamentous bacterium that we previously observed with        

electron transmission [14]. SiO2 NPs are also subject to the 

generation of nanoparticle-derived reactive oxygen species 

(ROS) [31], which may be hard to counterbalance by                   

nitrifying bacteria for two possible reasons. 

Nitrifying bacteria may lack the oxidative response 

mechanism of ñglutathione-gated potassium effluxò (GKKE) 

[32] that can protect them from instantaneous oxidative stress. 

Table 1. Activated sludge respiration inhibition by SiO2 NPs 

of various concentrations. 

n=12 OUR (mgO2/gVVSĿh)  

 RTS RHS RNS 

Blank 9-16 7-9 2-7 

Experimental 

group 
   

 % Inhibition after 30 minutes of exposure 

SiO2 NPs (mg/L) IT IH IN 

1 3-18 0-6 13-61 

10 14-22 0-7 56-67 

100 19-33 0-3 71-100 



 

  Sibag and Cho  / IRJIEST 6 (2020) 37-42 

40 

They also have cell membranes characterized by in-folding 

that gives a high surface area for enzymatic activities [33]. 

However, this in-folding also makes them more prone to 

interactions with chemical inhibitors [32]. More research on 

these hypotheses is warranted. 

 

3.2. Long-term, continuous flow experiment shows the                

resilience of RTS but with subsequent nitrite accumulation 

There was a temporary stimulation of RTS observed one 

week after the continuous exposure of activated sludge to 

SiO2 NPs.  Prior to the exposure of activated sludge to SiO2 

NPs, the was 5.58 mgO2/gMLVSSĀh (Figure 2). The  

increased up to 10.85 mgO2/gMLVSSĀh one week after the 

continuous exposure (day 28) of activated sludge to SiO2 

NPs. The RHS, on the one hand, was continuously increasing. 

The decreased eventually to 4.30 mgO2/gMLVSSĀh (day 49).  

In the absence of inhibition of the S we expected that            

ammonia oxidation would remain stable throughout the                

continuous flow experiment. However, the effluent NH3-N 

concentration slightly increased one week after the exposure 

of activated sludge to SiO2 NPs. The effluent NH3-N                     

concentration was less than 0.5 mgN/L prior to the exposure 

of activated sludge to SiO2 NPs.  It increased up to 1 mgN/L 

one week after the exposure (day 28) of activated sludge to 

SiO2 NPs but eventually decreased close to the initial values 

observed prior to the exposure of activated sludge to SiO2 

NPs.  

We have not determined the cause of this disagreement 

between the (temporary) increase of RTS  and the effluent      

NH3-N concentration on day 28. However, we suspect that 

this is an ñuncoupling-like effectô of SiO2 NPs on activated 

sludge. The stimulation of respiration and a slight decrease in 

the substrate uptake rate in the presence of an inhibitor               

generally indicate uncoupling of oxidative phosphorylation 

[34]. 

In our study, these two common ñsymptomsò of                   

uncoupling of oxidative phosphorylation in activated sludge 

were evident. Here, the temporary increase of RTS could be 

due to the stimulation of respiration while the increase in the 

effluent NH3-N concentration could be the result of slight 

decrease in the substrate uptake. This ñuncoupling-like               

effectò of SiO2 NPs on RTS was also observed in RHS for yet 

unknown mechanism. 

Despite its temporary increase, the effluent NH3-N                 

concentration was still within the limit for a good effluent 

quality and thus is not a practical concern. The influent                

ammonia was almost completely oxidized, but unexpectedly, 

the effluent NO2
--N concentration increased up to 2 mgN/L 

(day 49) after the continuous exposure of activated sludge to 

SiO2 NPs.  

The canonical two-step nitrification describes a                    

mutualistic symbiosis between AOB and NOB in the 

ñnitrification aggregateò [35] where the coupling of rates     

between them can easily be disturbed by operational                  

variations in pH, temperature, and dissolved oxygen level 

[36] and in the presence of chemical stressors [34]. NO2
-  

accumulation occurs when there is an imbalance between the 

rates of NH3 and NO2
- oxidation, spatial uncoupling of AOB 

and NOB or inhibition of NO2
- oxidation [36,37]. 

The latter two can be discounted as the most likely            

reason for the observed NO2
- accumulation. The CLSM               

micrograph of FISH apparently showed that the AOB and 

NOB populations remained as an aggregate (Fig. S2) in the 

activated sludge flocs despite the continuous exposure of  

activated sludge to SiO2 NPs. The concentration of effluent 

NO3
--N slightly increased over time (Figure 3) from 43 mgN/

L (day 28) to 48 mgN/L (day 49), which rules out the                       

possibility that the observed NO2
- accumulation resulted from 

the inhibition of NO2
- oxidation.  

NO2
- accumulation in activated sludge due to unbalanced 

activity of the populations of nitrifying bacteria can be              

Figure 2. Biomass-specific respiration rate of the activated 

sludge in the lab-scale MBR before and after exposure to 

SiO2 NPs.   

Figure 3. Nitrogen transformation by activated sludge in 

the lab-scale MBR before after exposure to SiO2 NPS. 
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characterized by low NOB to AOB ratio. This we observed 

true for the NO2
- accumulation following the exposure of 

activated sludge to SiO2 NPs in the lab-scale MBR. It was 

evident from the results of the quantitative FISH analyses 

with CLSM.  

Prior to the exposure of activated sludge to SiO2 NPs, the 

total average relative area of activated sludge cells hybridized 

by NOB- and AOB-targeted probes was 70%. This value  

further increased up to 77% on day 28 but eventually                 

decreased to 61%. The average relative area of activated 

sludge cells hybridized by NOB-targeted probes was                  

decreasing from day 35 to day 42. It slightly recovered on day 

49.  The average relative area of activated sludge cells 

hybridized by AOB-targeted probes increased from 24% on 

day 21 to 36% on day 49. Overall, the ratio of NOB to AOB 

after the continuous exposure of activated sludge to SiO2 NPs 

was lower than the initial value on day 21 (Figure  4).  

That the observed NO2
- accumulation coincided with the 

increases in the abundance of AOB populations relative to 

NOB populations implies predominance of ammonia 

oxidation over NO2
- oxidation.     

 

4. Conclusions 

The respiratory response of activated sludge based on 

OUR proves to be a useful screening indicator for the                

evaluation of SiO2 NPs toxicity in MBR. Both the 

heterotrophic respiration and nitrification respiration should 

be measured to determine their individual contribution to the 

inhibition of total respiration when there is substantial              

nitrification in activated sludge. Nitrification respiration           

appears to exhibit more sensitivity to inhibition, both                  

short-term and long-term, by SiO2 NPs than              

heterotrophic respiration does. When analyzing the results of 

activated sludge respiration inhibition tests for practical              

implication, for example in the removal of ammonia by            

nitrification, nitrogen depletion assay data should be                    

supplemented. And if the results would be analyzed to make 

any inferences about the impact on activated sludge                       

microorganisms, quantification of the relative abundance of 

select microbial communities such as nitrifying bacteria must 

also be considered. Nitrification respiration could be inhibited 

by SiO2 nanoparticles with associated decrease in the relative 

abundance of select FISH-quantified AOB and NOB. But 

nitrification could remain fairly stable, that is, the                         

concentration of effluent NH3-N is within the acceptable 

range. 
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