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ABSTRACT 

This study aims to determine the effect of using molasses, KH2PO4 and MgSO4 media with different concentrations 

and formulations on S. cerevisiae’s growth in manufacturing single-cell protein (SCP). The method used was the 

response surface methodology (RSM), consisting of 14 treatment formulations and 2 replications. The test parameters 

carried out in this study were cell biomass and crude protein content. Obtaining data were analyzed using the expert 

design program 11 with the response surface methodology (RSM) method and the box-Behnken experimental design. 

The relationship between fixed variables and independent variables of cell biomass is modeled Y:+6.54-28.63X1-

0.0050X2-.0112X30.4025X1X2+0.0900X1X3-0.0775X2X3, while crude protein is modeled Y:+6.54-28.63X1-0.0050X2-

0.0112X30.4025X1X2+0.0900X1X3-0.0775X2X3. The results showed that the higher the concentration of molasses, the 

increased cell biomass. The highest cell biomass value was obtained in the addition of 20% molasses to produce 2.33 

grams, while the addition of 20% molasses and 0.7% KH2PO4 crude protein produced a low crude protein of 6.00%. 

Keywords: Cell biomass, crude protein, optimization, response surface methodology and single-cell 

protein. 

1. INTRODUCTION 

Protein is an essential building block in the human 

life cycle. The main protein components are amino acids 

that function as metabolic processes in the body and are 

divided into two groups, namely essential and non-

essential amino acids [1]. 

Single Cell Protein (SCP) contains essential amino 

acids and minerals to be used as food ingredients (for 

humans) and feed ingredients (for animals). The 

advantages of Single Cell Protein compared to other 

protein products are high productivity, fast 

manufacturing process, easy to obtain substrates and the 

only use of waste with the help of microbes. 

Microbes used as Single Cell Protein producers must 

have criteria that are not pathogenic, have good 

nutritional value, can be used as food or feed, do not 

contain toxic compounds, and have low production 

costs [2]. PST-producing microbes generally grow in 

waste containing carbon and nitrogen elements [3]. 

Several microbes such as bacteria, fungi, algae, and 

yeasts can produce Single Cell Protein; of the four 

microbes, the most optimum for PST growth in yeast. 

Several studies related to optimization (growth) still 

use trial and error techniques. This technique takes long 

without considering the influencing factors, making it 

less efficient and less controlled [4]. The existence of 

new methods such as response surface methodology 

(RSM) can assist in effective optimization, especially in 
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the development of analytical methods, fractionation 

extraction, isolation, and others. In this study, the 

analysis of RSM can produce optimum values of two 

different variables, such as cell biomass and crude 

protein. The method in determining cell biomass and 

crude protein in this study aims to determine which 

formulation produces the highest cell mass and crude 

protein because the measurement of protein content is 

an indirect method of measuring cell biomass based on 

the measurement of cell components in the form of 

protein. 

2. STYLE PALETTE 

2.1 Preparation of Saccharomyces cerevisiae 

cultures:  

Producing a working culture of S. cerevisiae by 

taking 1 ose of S. cerevisiae isolate, then put into a 

microtube containing 1 ml of YPDB media and 

incubated for 48 hours at a temperature (20-30ºC). The 

second stage is making 250 ml of media formulated 

with different concentrations of ingredients using RSM. 

The third stage is the media sterilization process using 

an autoclave. The fourth stage was adding 1 ml of S. 

cerevisiae bacterial culture and incubating for 72 hours 

at 35oC. The last stage is after the fermentation process, 

and harvesting is done by centrifugation of the solution, 

which will produce pellets and dried using an oven at a 

temperature of 60oC for 20-25 hours to obtain a single 

cell protein product (SCP). 

2.2 Research design 

 The research design that will be carried out on the 

optimization process uses the expert design (DX 11) 

method of RSM box-Behnken construction consisting of 

14 factorial treatments with 2 replications. Box-

Behnken is a responsive design with a surface with three 

factorial design levels to limit the sample size [5]. This 

design aims to determine the parameters as fixed 

variables and the sample formulation as independent 

variables. The fixed variables consisted of cell biomass 

(Y1) and crude protein (Y2). While the independent 

variable treatment factors are molasses concentration as 

factor 1 (X1), KH2PO4 concentration as factor 2 (X2) 

and MgSO4 as factor 3 (X3), whose range and level 

have been determined in Table 2. Stages to optimize the 

process of making PST obtained the formulation of the 

RSM method, and then the independent variables are 

shown in Table 1. 

2.3 Data analysis 

The data analysis technique in this study used a 

design expert 11 programs to optimize a factor. This 

program has a numerical accuracy of up to 0.001 to 

determine a suitable mathematical model in the 

optimization process [6]. A good model has a significant 

value for the response and has little value for the lack of fit, 

the adjusted R-squared and predicted R-squared values are 

supportive. This program can also process four different 

research designs: collaborative design, factorial design, 

mixture design, and response surface method design. The 

fixed variables were analyzed using ANOVA one by one, 

while the independent variables were analyzed using the lack 

of fit value. The ANOVA model used is the model that has 

the highest level and produces significant values. ANOVA 

model options were shown in the fit summary, such as 

modified, design model, mean, linear, 2FI, quadratic, cubic, 

quartic, fifth and sixth. The DX 11 program also provides a 

standard plot of the residual facility (typical plot of residual), 

which functions to indicate residuals (difference between the 

actual response and the predicted response value) and follow 

the regular line (straight line). If the data points are closer to 

the normality line indicating customarily distributed data, 

then the actual results will approach the results predicted by 

the program [7]. 

Table 1. S. cerevisiae growth formulation for SCP 

production based on RSM method 

 

Run 

Factor 1 Factor 2 Factor 3 

 X1:Molase X2:KH2PO4 X3:MgSO4 

 %/L %/L %/L 

 1 10 0.55 0.05 

 2 15 0.4 0.2 

 3 15 0.55 0.125 

 4 20 0.55 0.05 

 5 20 0.55 0.2 

 6 15 0.7 0.2 

 7 10 0.7 0.125 

 8 10 0.4 0.125 

 9 20 0.7 0.125 

 10 15 0.55 0.125 

 11 15 0.4 0.05 

 12 20 0.4 0.125 

 13 10 0.55 0.2 

 14 15 0.7 0.05 

 

Table 2.  Determination of independent variables and 

treatment codes in research 

Independent 

variable 
Symbol 

Range and Level 

-1 0 1 

-------------%L------------- 

Molasses (%) X1 10 15 20 

KH2PO4 (%) X2 0.4 0.55 0.7 

MgSO4 (%)  X3 0.05 1.25 0.2 
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2.3.1 Cell biomass analysis 

Cell biomass analysis is the calculation of cell 

weight using the dry weight method. Before starting the 

cell biomass calculation, the first step is that the media 

sample is centrifuged at 3,000 rpm for 15 minutes until 

the pellet and supernatant are separated. The second 

stage is taking the precipitate called pellet and filtering 

it using filter paper, and then the wet cell biomass is 

transferred to dry filter paper and stored in sterile Petri 

dishes. The third stage is the drying process using an 

oven with a temperature of 60°C for 20-25 hours until a 

constant weight is obtained and dry cell biomass is 

obtained. 

2.3.2 Protein Analysis 

Protein parameter testing is determined using the 

Kjeldahl method, which is still accurate enough to 

determine protein content, presented in Figure 5. The 

first stage begins with destroying a sample of 1 gram 

using a Kjeldahl flask and concentrated sulfuric acid 

(H2SO4) 95-97% as much as 25 ml and adding a 

catalyst, namely a tablet of Kjeldahl. The destruction 

results can be seen by changing the color of the sample 

solution to clear greenishly. The second stage is the 

distillation process; from the destruction results, it is 

diluted with 15 ml of distilled water, and 2-3 drops of 

PP (Phenolphthalein) indicator are added. The third 

stage is by adding 30% sodium hydroxide (NaOH) and 

is captured by a solution of boric acid (H3BO3) as much 

as 20 ml, to which 2-3 drops of the MR-BCG indicator 

have been added in the Erlenmeyer container. The 

fourth stage is the titration process with 0.1 N 

hydrochloric acid (HCl) solution until the sample turns 

bright purple. The volume of HCl used for the titration 

is recorded and calculated by the following formula: 

% Protein = 
(V2−V1) x N x 0.014 x fk x 

100% W (g)
 

W = Sample weight (grams) 

V1 = Volume of HCl 0.1 N from blank titration 

V2 = Volume of 0.1 N HCl resulting from sample 

titration 

N = Normality HCl 

Fk = Conversion factor 

3. RESULTS AND DISCUSSION 

3.1 Cell Biomass 

The results of the analysis of the research parameters 

of cell biomass and crude protein in the manufacture of 

Single Cell Protein (SCP) on molasses, KH2PO4 and 

MgSO4 media using Response Surface Methodology 

(RSM) with different formulations obtained data that 

can be seen in Table 3. 

Models that can describe the relationship between 

cell biomass and crude protein parameters on optimizing 

single-cell protein production (SCP) are linear and 2FI 

models. These results indicate that the suggested or 

desired model is by the response data [8]. The value of 

the significance of the model, the lack of fit, and the 

coefficient of determination (predicted R-squared, 

adjusted R-squared) indicate a match between the 

distribution of the data and the model. The model also 

has a good precision adequacy value (Adeq. 

Precision>4) of 13.1585 for cell biomass and 12.0305 

for crude protein. It indicates that the research has a 

high level of reliability and accuracy [9]. Based on the 

two fixed variables and the ANOVA analysis that has 

been obtained, the model data is presented in Table 4. 

The ANOVA results obtained indicate that molasses 

significantly affected cell biomass response with a p-

value of less than 0.05 (<0.0001). The cell biomass 

response model has an F value of 22.08, indicating that 

the model is significant, which means it can still be 

described well by the model and can be used as a 

predictive model at the optimization stage to get the 

optimal formula. If the p-value is less than 0.05, then the 

variable can significantly affect other variables. The 

smaller the p-value, the greater the level of significance 

[10]. 

The appropriate model selected by the program for 

cell biomass response is a first-order (linear) model with 

an R2 value of 0.8689. The R2 value close to one 

indicates a high degree of correlation between the 

observations and the resulting model [11]. In addition to 

R2, lack of fit is also used to determine the level of 

conformity between the data and the resulting model. 

The lack of fit value obtained has a significant effect 

because the resulting value is not significant, namely 

0.2353 (P> 0.05); this indicates that the linear model is 

very suitable for estimating fixed variables [12]. The 

linear model on the yield of cell biomass has the 

following response equation:  

Y: +1.58+0.4837X1+0.1312X2-0.0450X3.  

The test results show that the amount of cell biomass 

weight in each formulation is different; this is caused by 

several factors that influence it, such as; substrate 

composition, substrate concentration, fermentation time, 

temperature and pH [13]. The high substrate used will 

impact the faster microbial growth, the more overhauled 

nutrients and the more cell biomass obtained [14]. 
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In Figure 1, it can be seen that the average (mean) 

value produced is 1.58 grams, with the highest cell 

biomass value of 2.33 grams (treatment of sample 

formulation number 4) and the lowest value of 1.04 

grams (treatment of sample formulation number 8). 

According to [15], during the fermentation process, S. 

cerevisiae hydrolyzes sucrose into glucose and fructose 

with the help of the zymmase enzyme, which is used as 

the primary carbon source was absorbed through an 

active transfer process. Zymase enzyme functions as a 

breaker of sucrose into monosaccharides (glucose and 

fructose) which were then metabolized to produce 

energy and synthesize cell-forming materials to obtain 

biomass products [16]. 

Table 3. Results of analysis of cell biomass and crude protein on single-cell protein 

 No. Molasses KH2PO4 MgSO4 Cell biomass Crude protein   

 1 10 0.55 0.05 1.24 7.02  

 2 15 0.4 0.2 1.54 6.54  

 3 15 0.55 0.125 1.56 6.25  

 4 20 0.55 0.05 2.33 6.13  

 5 20 0.55 0.2 2.21 6.34  

 6 15 0.7 0.2 1.54 6.37  

 7 10 0.7 0.125 1.12 7.24  

 8 10 0.4 0.125 1.04 6.44  

 9 20 0.7 0.125 2.23 6.00  

 10 15 0.55 0.125 1.64 6.44  

 11 15 0.4 0.05 1.42 6.46  

 12 20 0.4 0.125 1.55 6.81  

 13 10 0.55 0.2 1.05 6.87  

 14 15 0.7 0.05 1.71 6.60  

 

Table 4. Analysis of variance based on response surface methodology (RSM) for cell biomass 

 Cell biomass  

Source Predicted Coefficients Standard Error Df P-value  

Model 1.58 0.0467 3 <0.0001  

X1 0.4837 0.0618 1 <0.0001  

X2 0.1312 0.0618 1 0.0597  

X3 -0.0450 0.0618 1 0.4834  

 

  

Figure 1. Cell biomass one-factor graphic model Figure 2. Graph of interaction percentage of crude 

protein value with molasses and KH2PO4 
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3.2 Protein 

Analysis of Variance (ANOVA) test showed that the 

use of molasses and KH2PO4 media had an interaction 

and significant effect (P<0.05) on crude protein content 

with a p-value of 0.0059, and the resulting response 

model had an F value of 8.65 (Table 6). According to 

[17], if the p-value is less than 0.05, it indicates that the 

model is significant. The model chosen by the program 

for the appropriate response to crude protein levels is 

the 2FI model (interaction between 2 factors) with an R2 

value of 0.8812. The value of R2, which is close to one, 

can be said that the effect of the fixed variable on the 

independent variable is significant, so the equation 

model is suitable to explain the effect of molasses and 

KH2PO4 [18]. In addition to R2, lack of fit is also used to 

measure the model's inaccuracy to the observation data 

obtained at specific probabilities. The lack of fit value 

obtained has a significant effect because the resulting 

value is not significant, namely 0.5506 (P> 0.05). A 

slight lack of fit is a requirement for a good model 

because it shows the suitability of crude protein 

response data with the model [8]. The model will be 

considered appropriate when the p-value of the lack of 

fit is above the probability level used. In other words, 

the desired p-value of a statistical analysis of lack of fit 

is not significant. The 2FI model on the percentage of 

crude protein produced has the following response 

equation: Y: +6.54-28.63X1-0.0050X2-0.0112X3-

0.4025X1X2+0.0900X1X3-0.0775X2X3. 

Of the results of the calculation of the percentage of 

crude protein content using the design expert program, 

the highest was found in the sample with an average of 

6.54%, with the lowest crude protein content of 6% 

(treatment number 9) and the highest 7.24% (treatment 

number 7). The interaction graph in Figure 2 shows that 

the concentration of molasses and KH2PO4 in the 

optimization of SCP production affects the percentage 

of crude protein value produced. Crude protein value is 

a calculation through the approach to the total N 

(nitrogen) content of a material, both from actual protein 

sources and non-protein nitrogen sources (non-protein 

nitrogen) [20]. Molasses has a crude protein content of 

4.2% [21]. According to [22], the advantages of using 

molasses are as an additive and have good physical 

Table 5. Analysis of variance based on response surface methodology (RSM) for crude protein 

 Crude protein  

Source Predicted Coefficients Standard Error Df P-value  

Model 6.54 0.0433 6 0.0059  

X1 -0.2863 0.0573 1 0.0016  

X2 -0.0050 0.0573 1 0.9329  

X3 -0.0112 0.0573 1 0.8498  

X1X2 -0.4025 0.0810 1 0.0016  

X1X3 0.0900 0.0810 1 0.3030  

X2X3 -0.0775 0.0810 1 0.3703  

 

Table 6. The top formula for the correlation solution of the results of the entire response optimum formula 

recommended by RSM 

 No. Molasses KH2PO4 MgSO4 Cell biomass Crude protein  Desirability  

 1 14.10 0.65 0.20 1.54 6.55 0.635  

 2 14.12 0.65 0.20 1.54 6.55 0.635  

 3 14.06 0.65 0.20 1.53 6.56 0.635  

 4 14.15 0.65 0.20 1.54 6.55 0.635  

 5 14.07 0.65 0.20 1.54 6.56 0.635  

 6 14.07 0.64 0.20 1.53 6.56 0.635  

 7 14.03 0.65 0.20 1.53 6.56 0.635  

 8 14.11 0.65 0.20 1.54 6.55 0.635  

 9 14.01 0.65 0.20 1.53 6.56 0.635  

 10 14.21 0.65 0.20 1.55 6.54 0.635  

 11 13.95 0.64 0.20 1.52 6.57 0.635  

 12 13.95 0.65 0.20 1.53 6.57 0.635  

 13 13.91 0.65 0.20 1.52 6.57 0.635  

 14 13.99 0.65 0.20 1.53 6.56 0.635  
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properties to accelerate the formation of lactic acid and 

provide available energy sources for S. cerevisiae in the 

fermentation process. Crude protein results obtained 

indicate that the higher the molasses and KH2PO4, the 

lower the crude protein produced. It was due to the 

presence of S. cerevisiae, which is capable of degrading 

proteins into peptide bonds and methane gas (NH3) and 

compiling them into amino acids, both essential and 

non-essential [23]. 

3.3 Correlation of the results of all responses 

for the optimization stage. 

Determination of the optimization response based on 

the selection of the most suitable model for evaluation 

on the DX 11 computerized system is in the order of the 

number of squares (Sequential Model Sum of Squares), 

model inaccuracy testing (Lack of Fit Tests), and 

summary statistical models (Model Summary Statistics). 

Compiling a mathematical model will make it easier for 

researchers to change the criteria following the expected 

goals and find out the value of the independent variables 

that cause the variable values to remain optimal to focus 

on the desired optimization value. The data on the 

results of the standard optimization objectives can be 

seen in Table 5. 

The optimum point is determined based on the 

criteria we want by selecting the interests and desired 

goals for the response and the existing factors. The 

desired criteria are cell biomass and crude protein 

content as maximum as possible. When all the criteria 

have been selected and determined by the software 

design expert 11, it will produce the optimum point 

solution, presented in Table 6. 

Table 6 presents the top 14 formulations resulting 

from the correlation solution of all responses to the 

optimum formulation recommended by RSM, and only 

1 formulation will be selected for the optimization stage. 

According to [24], it is stated that the accuracy of the 

formulation and the value of each of these fixed 

variables can be seen in the desirability value. The 

desirability value is a parameter that shows the best 

optimization results with a value range of 0–1 [25]. The 

closer to one, the solution recommended by the program 

can meet the wishes according to the criteria that have 

been set; in other words, the closer to the value of one, 

the more perfect the desired value. The purpose of 

optimization is not looking for a value of one but to find 

the best conditions that bring together all fixed variables 

in optimum conditions [26]. 
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