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 Background: The process introduced in this work is the production of sorbitol via solid 

state fermentation (SSF) using immobilized cells of bacteria. The raw material that was 
used in this study is Meranti wood sawdust (MWS) that was obtained from Kilang 

Kayu Aman, Gambang Kuantan, Pahang. The bacterium used was Lactobacillus 

plantarum (BAA-793) and was immobilized using the entrapment technique (entrapped 
in sodium alginate). The pretreatment processes used for the treatment of the MWS to 

recover the cellulose from MWS are the physical pretreatment and chemical 

pretreatments. The last phase of this works was fermentation using solid state (SSF) 
process to convert the cellulose to sorbitol. Objective: This study aim to optimize 

sorbitol production via solid state fermentation (SSF) process using response surface 

methodology (RSM) and the central composite design (CCD) was used in order to 
reduce the total number of experiments; besides, to determine the best combination of 

parameters for optimization of the process. Results: The result shows that the 

interactions between parameters like moisture content and substrate amount have a very 
significant effect and the p-value was < 0.0001. The highest yield of sorbitol production 

(13.607 g/L) was obtained at the condition comprised of 50 % of moisture content, 4 h 

of fermentation time and 1.0 gram of substrate amount. Conclusion: The production of 
sorbitol will increase when all the process parameters in the solid state fermentation 

(SSF) process have been optimized. The RSM was also suitable for fitting a quadratic 
surface and it also helped to optimize the effective parameters with a minimum number 

of experiments as well as to analyze the interaction between the parameters.  

 

INTRODUCTION 

 

Malaysia generates an abundance of agricultural wastes such as Meranti wood sawdust (MWS), sugar cane 

baggage, rice husk, rice straw, rubber wood dust, palm kernel cake and many other waste materials. These 

wastes result in a significant environmental problem if not disposed of in a proper manner. The Agro-industrial 

wastes like sawdust have a great potential as a substrate for sorbitol production and others biochemical products. 

Such utilization would further increase the profitability of the sorbitol and other biochemical industries besides 

solving an environmental problem. As a renewable energy source, woody biomass like MWS is expected to play 

an important role in the future metallurgical application. Nowadays biomass such as wood biomass can be used 

in power generation and production of various chemicals such as biofuels. However, sawdust and others wood 

wastes will be making an important contribution as biomass in this study since woody biomass like MWS 
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consists mainly of cellulose, hemicellulose, and lignin. The woody biomass can also be potentially used as 

feedstock for other industrial process where it can provide the energy source for the sustainable metallurgical 

operations (Strezov et al., 2004). 

Solid state fermentation (SSF) is the cultivation of microorganism in the absence of free water under 

controlled conditions. SSF has been utilized to convert moist agricultural polymeric substrate like soy, rice, 

sawdust, wheat and other substrates into fermented food products like industrial enzymes, fuel and nutrient 

enriched animal feeds (Pandey et al., 2001a, 2004). The processes of solid state fermentation (SSF) can involve 

pure culture of microorganisms or mixture culture of pure strains. In this research, solid state fermentation was 

preferred to the liquid state fermentation because of its simple technique, low waste water output (liquid waste is 

not produced), fewer chances of contamination, low capital investment (cheaper), lower levels of catabolized 

repression, better product recovery, less time-consuming, and high quality of product (Manpreet et al., 2005). 

Currently, production of biochemical products such as lactic acid, sorbitol, bioethanol and others 

biochemical product provides about 50 % of the world’s supply through free cell fermentation, but productivity 

is very low in the fermentation process. However, employing cell immobilization technique that provides high 

cell density can increase the productivity of biochemical products. The immobilization process is also one of the 

most attractive methods for maintaining high cell concentration in the bioreactor during biochemical processes 

(Chang, 1996). Basically, immobilization process can be seen as the localization of intact cell to a certain 

defined region of space or physical confinement with the preservation of some desired activity (Karel et al., 

1995). Immobilization also consists of immobilizing cells of microorganism inside or on the surface of a carrier 

in a way that preserves their catalytic activity (Jack and Zajic, 2006). The process of cell immobilization and 

their application in bioprocessing has been interesting for about 30 years now (Behera et al., 2010). The cell 

immobilization system offers a great advantage in several industrial processes such as been making it easy to 

handle biocatalyst, easy separation of biological material from the reaction medium, employs high cell loading 

capacity and improved the production rate of products (Massalha et al., 2007). The process of immobilization 

such as entrapment in Na-alginate is the most widely used procedure for lactic acid bacteria immobilization 

(Yan et al., 2001). 

Generally, respond surface methodology (RSM) is a collection of mathematical and statistical techniques 

that are useful for modeling and analysis of experiments especially where a response of interest is influenced by 

several variables. The main objective is to optimize/maximize the response of a process with minimal input 

(Shankar et al., 2013). Currently, RSM is widely used in quality improvement, product design and uncertainty 

analysis. RSM can also determine the optimum process conditions by combining the experimental designs with 

interpolation by first- or second- polynomial equation in the sequential testing procedure (Ferreira et al., 2009). 

Therefore, this study mainly focused on the optimization of sorbitol production from MWS using the central 

composite design (CCD) of the RSM as a tool for maximum yield.  

 

Methods: 

Substrate and Pretreatment: 

The raw material used in this study was MWS obtained from Kilang Kayu Aman, Gambang Kuantan, 

Pahang. The MWS is a hardwood that is highly composed of cellulose when compared with others wood types. 

The MWS was taken from the plant and dried under the sunlight for about 5 h in order to make it easier to 

grinding using a grinder. The pretreatment processes in this study were divided into two which are physical 

pretreatment and chemical pretreatment. The physical pretreatment processes were actually used to enhance the 

removal of lignin and hemicelluloses from the MWS. The MWS was ground using the grinder in order to get a 

uniform size of the around ≤ 0.5mm. The materials were then sorted into sizes by using the sieve shaker 

machine to get the uniform particle size and the particle size of the sawdust that was used in this study was ≤ 0.5 

mm. The reduction in particle size leads to an increased availability of specific surface area and a reduction of 

the degree of polymerization (DP) of the fibers. The reduction of the DP, shearing and increase in the specific 

surface area contributed to the increase in the total hydrolysis yield of the lignocellulose material and the 

reduction in the technical digestion time. This size reduction also will lead to an effective pretreatment 

(Taherzadeh & Karimi, 2008). After sorting into sizes, the MWS was autoclaved at 121 oC for 15 min and later 

dried in the oven at 60 oC for 48 h in order to achieve a constant weight with a moisture content of less than or 

equal to 10 % (Kholic et al., 2011). The moisture content of the MWS was determined by using the weight loss 

equation shown in Eq. 1 (Kholic et al., 2011). 

 

MC =( (Mass initial of sawdust-Mass dried of sawdust))/(Mass initial of sawdust)x100%       (1) 

 

Then, during the chemical pretreatments, treatment was performed in phases-the pre-delignification 

treatment, first stage treatment and second stage of treatment. For the process of pre-delignification, 18 % (w/v) 

of NaOH solution was prepared and the MWS soaked into it at a ratio of 6:1 (L:S) w/w in an oil bath shaker for 

90 min at 110 oC. This was performed to bleach and also to pre-break off the link of lignin, hemicelluloses, and 
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cellulose in the biomass. After that, the samples were washed using hot deionized water until the wash water 

attained or nearly become pH 7. The samples were then dried in the oven for 24 h at 60 oC and then followed by 

first stage treatment. All the experiment were done using 1000 mL Erlenmeyer conical flask. 

The purpose of the first stage pretreatment process was to remove the lignin content from MWS using 

peracetic acid (PAA). The previous study showed that the peracetic acid (PAA) can highly remove lignin from 

biomass material such as MWS (Zhoa et al., 2008). The samples were soaked in PAA solution at 80 oC at a ratio 

of 6:1(L:S) w/w for 90 min (Zhao et al., 2008). After that, all the sample were washed using hot de-ionized 

water until the washed water neared pH 7 before drying in the oven at 60 oC for 24 h. All the experiment was 

carried out using 1000 ml Erlenmeyer conical flask placed in a water bath shaker. For the second stage of 

treatment, it was performed using sulfuric acid (H2SO4) at a concentration of 1.1 %. The samples were soaked in 

1.1 % sulfuric acid solution at 123 oC at a ratio of 6:1(L:S) w/w for 80 min. After that, the samples were washed 

using hot de-ionized water until the washed water pH was close to 7 and the samples were then dried in the oven 

at 60 oC for 24 h and kept until further processing (Zhao et al., 2008). The percentage of lignin removed after 

every step of the treatment was measured using the Kappa Number and Technical Association of Pulp and Paper 

Industry standard method (TAPPI method). 

 

Microorganism: 

The type of bacteria used was Lactobacillus plantarum strain (BAA-793) and was purchased from America 

Type Culture Collection (ATCC). This strain is anaerobic condition type. To handle this bacterium, the 

anaerobic condition must be applied in order to get the good growth of those bacteria. 

 

Immobilization Cells: 

The bacteria (Lactobacillus plantarum) cells that were previously grown in MRS broth were mixed with an 

equal volume of 2 % Na-alginate solution (1:1, v/v). Then, the alginate-cell solution was dropped slowly into 

0.2 % solution of calcium chloride (CaCl2) using a syringe needle. Upon addition to the CaCl2 solution, the 

alginate solidified and formed gel beads, thus entrapping the bacteria cells. The beads were allowed to harden in 

the CaCl2 solution for 30 min before been washed with 0.85 % of NaCl solution and distilled water to remove 

the excess calcium ion and cells. The beads were stored at 4 °C for further experiment. To improve the 

immobilization results, the ratio of CaCl2 and NaCl that was used in solution preparation was 1:1 v/v 

(Modification from El-Borai et al., 2013; Bangrak et al., 2011; Yan et al., 2001). 

 

Conversion Cellulose to Sorbitol using SSF Process: 

In the solid state fermentation (SSF) process, several parameters play important roles in order to produce a 

high yield of sorbitol. In this study, the effect of several parameters such as the fermentation time, moisture 

content, and substrate amount were studied. Two grams of samples were added into a 100 mL Erlenmeyer 

conical flask and moistened with 50 % of distilled water (Sabu et al., 2008). All the apparatus and materials 

were sterilized at 121 oC for 15 min and all the studies were performed under the laminar flow to avoid 

contamination and loss of viability. After the sterilization of the apparatus to be used in the study, 10 % beads of 

immobilized cells were put into the samples (Modification from Hsieh and Yang, 2004; Yan et al., 2001; 

Bangrak et al., 2011; El-Borai et al., 2013). The samples were later purged with nitrogen gas (N2) in order to 

replace oxygen gas to maintain the anaerobic condition and then it was incubated at 35 °C. 

 

Analysis Methods: 

The sorbitol production was determined using High-Performance Liquid Chromatography, (HPLC Agilent, 

1200 series). The column for the quantification of sorbitol was Rezex Chromatographic Method, RCM 

Monosaccharides 300 X 7.8 mm with water as a mobile phase. The sugar was eluted with deionized water at a 

flow rate 0.6 mL/min and the column, maintained at 75 oC with the retention time is 30 min. This method used 

Refractive Index, RI as a detector (Saha and Nakamura, 2003). 

 

Experimental Design: 

In this part, the experimental design for sorbitol production from MWS using immobilized cells via solid 

state fermentation (SSF) process was done by choosing the parameters which had a considerable effect on the 

sorbitol production during the screening phase of the study. These parameters include the fermentation time, the 

moisture content of substrate and the substrate amount. The parameters were chosen from the OFAT studies and 

the optimum points set at 4 h for fermentation time, 50 % for moisture content and 1.0 gram for the substrate 

amount. These parameters will most likely influence the production of sorbitol. In addition, the experiment was 

designed using the CCD module of the Design Expert V 6.0.8. The statistical optimization study was carried out 

in order to study the effect of varying the studied parameters on the yield of sorbitol. The central composite 

design (CCD) was used because the number of varied parameters was not more than three. The RSM was also 

suitable for a quadratic response surface and it is also used to optimize the effective parameters with a minimum 
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number of experiments. It also helps to analyze the interaction between parameters (Myers and Montgomery, 

2002). The RSM has already been successfully applied for the optimization of the fermentation process and 

other bioprocesses (Amini et al., 2008; Hao et al., 2010). 

 

RESULT AND DISCUSSION 

 

Central Composite Design (CCD) and Response Surface Methodology (RSM): 

The response of sorbitol production (g/L), as a function of fermentation time, moisture content, and the 

substrate amount was evaluated using the CCD. All the experiments were carried out under these conditions, 

fermentation time of 2-6 h, the moisture content of 40- 60 %, and the substrate amount of 0.5-1.5 gram. The 

range of these parameters was chosen based on the experimental results achieved when using one factor at a 

time (OFAT) to screen for the parameters. The three factors were initially screened using the full factorial 

design with 2 replicates of factorial point and 2 replicates of the axial point, 4 center points (α = 2) which 

resulted in a total of 32 experimental runs. The CCD design of the experiments and the response of sorbitol 

yield are shown in Table 1. A full quadratic model was proposed by the Design Expert V6.0.8. 

 
Table 1: The experimental layout and results of central composite design (CCD) 

Std Run Factor 1: 

Fermentation time 

(Hours) 

Factor 2: 

Moisture content 

(%) 

Factor 3: 

Substrate 

amount (g) 

Sorbitol 

production 

(g/L). 

Actual value  

Sorbitol 

production (g/L). 

Predicted value 

1 1 3.00 45.00 0.75 10.55 10.62 
2 2 3.00 45.00 0.75 10.57 10.62 

3 3 5.00 45.00 0.75 11.89 12.14 

4 4 5.00 45.00 0.75 12.81 12.14 
5 5 3.00 55.00 0.75 8.96 8.90 

6 6 3.00 55.00 0.75 8.73 8.90 

7 7 5.00 55.00 0.75 10.55 10.66 
8 8 5.00 55.00 0.75 10.56 10.66 

9 9 3.00 45.00 1.25 11.24 11.12 

10 10 3.00 45.00 1.25 11.23 11.12 
11 11 5.00 45.00 1.25 11.60 11.52 

12 12 5.00 45.00 1.25 11.55 11.52 

13 13 3.00 55.00 1.25 11.27 11.49 
14 14 3.00 55.00 1.25 11.28 11.49 

15 15 5.00 55.00 1.25 11.72 12.14 

16 16 5.00 55.00 1.25 12.69 12.14 
17 17 2.00 50.00 1.00 10.09 9.97 

18 18 2.00 50.00 1.00 10.07 9.97 

19 19 6.00 50.00 1.00 12.03 12.14 
20 20 6.00 50.00 1.00 12.02 12.14 

21 21 4.00 40.00 1.00 10.69 10.83 

22 22 4.00 40.00 1.00 10.65 10.83 
23 23 4.00 60.00 1.00 9.93 9.73 

24 24 4.00 60.00 1.00 9.84 9.73 

25 25 4.00 50.00 0.50 8.41 8.41 
26 26 4.00 50.00 0.50 8.41 8.41 

27 27 4.00 50.00 1.50 10.61 10.38 

28 28 4.00 50.00 1.50 10.13 10.38 
29 29 4.00 50.00 1.00 13.61 13.57 

30 30 4.00 50.00 1.00 13.52 13.57 

31 31 4.00 50.00 1.00 13.59 13.57 
32 32 4.00 50.00 1.00 13.56 13.57 

 

Using the Design Expert V6.0.8 (Stat Ease Inc., Minneapolis, USA), an analysis of variance was conducted 

for the evaluation of the effects of the variables and their probably existed interactions. Table 2 shows the lack 

of fit tests for the three models (Linear, 2FI, and Quadratic). The selected model had an insignificant lack of fit. 

From the Table 2, the quadratic model has an insignificant lack of fit with high multiple correlations of 

coefficients of R2 (0.9777) respectively and a full quadratic model was proposed by expert V6.0.8. Table 3 

shows the ANOVA for the response surface quadratic model (partial of some square) and response for the 

sorbitol production. From the Table 3, the computed F and prob>F values were 107.28 and < 0.0001, 

respectively, which implied that the model was highly significant with low probability. Besides that, the results 

adequately suggested that the present mathematical model was good for the prediction of the experimental 

result. The percentage error between the actual and predicted value of the response was less than 5 %, which 

means that the empirical model developed was considerably accurate for the response terms of sorbitol 

production. The multiple correlation coefficients of R2 was calculated to be 0.9777, showing that there was a 
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good agreement between the experimental and predicted value; as well as depicting that 97.77 % of the 

variability in the response could be well explained by the model. 

The lack of fit value was found insignificant (prob>F = 0.3080) which denoted that the model was desirably 

fit. The p-value of less than 0.05 indicates that the model terms were significant since values greater than 0.1000 

indicates an insignificant model (Li et al., 2008; 2013). Furthermore, the main effect of the fermentation time 

(A), moisture content (B) and substrate amount (C) were found to be primarily significant on the sorbitol 

production process. The second order effect of fermentation time (A2), moisture content (B2), the substrate 

amount (C2); and the two level interactions between the moisture content and the substrate amount (BC) were 

also found to significantly influence the yield of sorbitol as could be substantiated with a p-value of < 0.0001. 

The two level interactions between the fermentation time and the substrate amount (AC); and the two level 

interactions between the fermentation time and the moisture content (AB) were found to show secondary effect 

on sorbitol production as could be substantiated with the p-values of 0.0003 and 0.3451, respectively. 

 
Table 2: Lack of Fit Tests 

Sources Sum of square Degree of 
freedom,DF 

Mean square F-value P-value Prob >F R-squared 

Linear 44.81 11 4.07 65.73 < 0.0001 0.2993 

2FI 39.13 8 4.89 78.92 < 0.0001 0.3861 
Quadratic 0.40 5 0.081 1.31 0.3080 0.9777 

 

Table 3: ANOVA for response surface quadratic model (partial some of the square), response; sorbitol production (g/L) 

Source Sum of Square DF Mean Squares F-Value P-Value Prob>F 

Model 63.99 9 7.11 107.28 < 0.0001a 
A 9.38 1 9.38 141.58 < 0.0001 

B 2.42 1 2.42 36.48 < 0.0001 
C 7.79 1 7.79 117.48 < 0.0001 

AB 0.062 1 0.062 0.93 0.3451 

AC 1.24 1 1.24 18.65 0.0003 
BC 4.38 1 4.38 66.13 < 0.0001 

A2 12.63 1 12.63 190.51 < 0.0001 

B2 21.63 1 21.33 326.44 < 0.0001 
C2 34.87 1 34.87 526.22 < 0.0001 

Residual 1.46 22 0.066   

Lack of Fit 0.40 5 0.081 1.31 0.3080b 
Pure Error 1.05 17 0.062   

Cor Total 65.44 31    

      
Std.Dev. 0.26   R2 0.9777 

Mean 11.07   Adjusted R2 0.9686 

The value of “prob>F” less than 0.0500 indicate model terms are significant. 
a significant 
b not significant 

 

The multiple regression equations for sorbitol production where A is the fermentation time, B is the 

moisture content, and C is the substrate amount in actual and coded terms are given in Eqs. 2 and 3. The final 

equation in term of coded factors is given as: 

Final equation in term of Coded factors: 

Sorbitol production = +13.57 + 0.54A – 0.27B + 0.49C + 0.062AB – 0.28AC  + 0.52BC – 0.63A2 – 0.82B2  –

1.04C2                                                         (2) 

 

Final equation in term of Actual factors: 

Sorbitol production = -77.82521 + 6.05709A +2.76553B+18.89037C +0.012420AB-1.11167AC     

         +0.41869BC  -0.62812A2 -  0.032889B2 -16.70270C2       (3) 

 

The Eqs 2 and 3 in coded and actual factors respectively are empirical model equations. These empirical 

model equations are mathematical correlation models that can be employed to predict and optimize sorbitol 

production within the range of varied factors in this experiment. 

 

Interaction of Variables:  

The relationship between the response and the variables was visualized by response surfaces constructed 

according to the full models as shown in the Figures (A, B, and C) as it shows the 3-D response surface plots of 

the effects of the studied parameters on the sorbitol production. 
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Fig. A: The three-dimensional graph (3-D) of the effect of fermentation time and moisture content on sorbitol 

production 

 

The effect of the fermentation time, moisture content and the substrate amount as varied parameters were 

further analyzed using the simulated 3-D response surface according to the quadratic model. The parameters 

such as fermentation time, moisture content and substrate amount were quite important and had effects on the 

sorbitol response. Figure A shows the response plot (3-D) of the effect of the fermentation time and moisture 

content on sorbitol production. From the 3-D graph in Figure A, it clearly shows that the production of sorbitol 

slowly increased with increases in the fermentation time and moisture content until a maximum value of sorbitol 

yield of 11.6496 g/L and 13.2924 g/L were achieved at 3 h and 4 h, respectively at a substrate concentration of 

1.0 g. This shows that the SSF process using immobilized Lactobacillus plantarum (BAA-793) as a 

microorganism required a short time to produce a high yield of sorbitol. Also, the production of sorbitol 

decreased when the moisture content was increased from 50 % (13.6073 g/L) to 55% (11.450 g/L). From this 

plot, the maximum sorbitol production was approximately 13.6073 g/L at a fermentation time of 4 h, moisture 

content of 50 %, and the substrate amount of 1.0 g. These findings led to the conclusion that the moisture 

content (50%) was suitable for the immobilized cells of Lactobacillus plantarum sp. (strain BAA-793) to within 

a short time of fermentation convert cellulose directly to sorbitol. In addition, the optimum moisture level in 

SSF process has a great impact on the physical properties of the solid substrate as well as the sorbitol 

production. According to previous studies, the moisture level in solid state fermentation critically affects the 

process because of its interference in physical properties of the solid particle (Vastrad and Neelagund, 2011). 

Also, the result of optimization studies using RSM for the production of amylase enzyme activity was reported 

to have increased with an increase in the moisture level as the moisture level was the main factor in solid state 

fermentation (Husaini et al., 2016). This is supported by the reports of Mitchel et al (2000) and Neifar et al 

(2011) where during solid state fermentation (SSF) process, the microorganism obtained water from the 

moisture held within the substrate particles which is essential for their growth. 

Figure B shows the 3-D plot of the effect of the fermentation time, substrate amount and moisture content 

on sorbitol production. 

 

 
Fig. B: The three-dimensional graph (3-D) of the effect of fermentation time and substrate amount on sorbitol 

production. 

 

Based on Figure B, the sorbitol production increased when the substrate amount was increased from 0.75 g 

(10.557 g/L) to 1.0 g (13.1916 g/L) and later decreased when the substrate amount was increased to 1.25 g 

(12.1509 g/L). From an industrial point of view, an important criterion in industrial or large scale production is 

to reduced cost of production. To achieve the optimum sorbitol production at the lowest possible level of time 

and cost, the immobilized cells of Lactobacillus plantarum sp. could be a good choice as all the parameters been 
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used at low concentrations and a short period of time will reduce the cost of large-scale production 

 

 
 

Fig. C: The three-dimensional graph (3D) of the effect of moisture content and substrate amount on sorbitol 

production 

 

Figure C shows the 3-D plot for the effect of moisture content and substrate amount on sorbitol production.  

Based on Figure C, there was an appreciable interaction between the moisture content and substrate amount 

during the production of sorbitol. The production of sorbitol increased from (10.5688 g/L) at 45% to (13.6073 

g/L) at 50% at a fermentation time of 4 h. Based on Figure C also, the maximum production of sorbitol was 

achieved and obtained at 50 % of moisture. Subsequently, the production of sorbitol began to reduce when a 

higher level of moisture content was introduced. Previous studies suggested that lower moisture than optimum 

decrease the solubility of solid substrate and lowers the degree of swelling, and produced a higher water tension; 

but a higher moisture content level than optimum value will cause decreased porosity and alteration in solid 

state particle structure (Khoramnia et al.,2013, Gervais and Molin 2003). 

In addition, the interactions between the moisture content and the substrate amount have shown the 

significant effect as shown with the p-value of < 0.0001. The moisture content is related to the water activity, 

(aw). Actually, the water activity, (aw) usually increases with increase in temperature and pressure. For example 

using salt and some sugar, the water activity (aw), may reduce with increase in temperature. For small 

temperature increase (T1 to T2) at low aw, the relationship of water activity, (aw) and temperature can be 

represented as in Eq. 4. 

 

Ln ((aw at T2)/(aw  at T1)) = ∆H/R  (1/T1- 1/T2)                                                            (4) 

 

Where the is ∆H an enthalpy change (for example, absorption or mixing), R is the gas constant, T is 

temperature and aw is water activity. Then, in the solid state, the rate of the degradation reaction have been 

shown in order to vary with temperature and relative humidity according to humidity-corrected Arrhenius 

equation.  

 

Process Optimization: 

Table 4 shows a summary of sorbitol production using immobilized cells via SSF. From this table, the 

fermentation time, moisture content and the substrate amount were optimized at 4 h, 50 % and 1.0 g, 

respectively, producing a sorbitol yield of 13.607 g/L. It also shows that the difference between the actual and 

predicted sorbitol production was 0.3 %, which was within the agreed value of 5 %. It signifies that the model 

was statistically reliable for the prediction of the sorbitol yield at up to 95 % of confidence interval. 

 
Table 4: The result of the optimum operational conditions for sorbitol production 

Factors Proposed optimal condition Sorbitol production (g/L) 

(Predicted value) 

Sorbitol production (g/L) 

(Actual value) 

Fermentation time (Hours) 4  

 

 

Moisture content (%) 50 13.57 13.607 

Substrate amount (g) 1.0   

  

Validation of Empirical Model Adequacy: 

The validation process of the empirical model was required in order to confirm the prediction accuracy of 

the model which was generated by the regression equation for the prediction of the yield of sorbitol at a given 

fermentation time, moisture content and substrate amount. The result was validated by performing a set of 

experiment suggested by the model using the same conditions that were previously employed. Table 5 shows the 

result of the model validation. It involved five experimental combinations suggested by the model at optimal 
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conditions. The actual values obtained and their associated predicted values from the selected experiments were 

compared for further residual and percentage error analysis. 

 
Table 5: The validation of experimental design 

No Fermentation time 

(Hours) 

Moisture 

content (% 

v/w) 

Substrate amount 

(g) 

Predicted Actual Residual % Error 

1 

2 

3.11 

3.20 

50 

50 

1 

1 

12.583 

12.732 

11.985 

12.202 

-0.598 

-0.530 

4.98 

4.34 

3 3.57 50 1 13.216 12.887 -0.329 2.55 
4 4.00 50 1 13.567 13.516 -0.051 0.37 

5 4.17 50 1 13.641 13.310 -0.331 2.48 

 

From Table 5, the residual and percentage errors were calculated based on the Eqs 7 and 8. The percentage 

error for the validation of the experimental design for sorbitol production as shown in Table 5 ranged from 0.37 

% to 4.98 %. This means that the developed empirical model was considerably accurate for the response terms 

of sorbitol production because the percentage errors between the actual and predicted values were well below 5 

%. Furthermore, the model’s accuracy for the prediction of the sorbitol yield was statistically reliable and 

confident at up to 95 % prediction interval. This means that further analysis with regards to an ideal operational 

process for the optimal production of sorbitol from MSW would be based on this developed model. 

 

Residual = (Actual value – Predicted value)                                                       (5) 

% Error = (Residual/Actual value ) x100%                       (6)

        

In addition, the validation of the experimental design for the fermentation time was set up within the range 

of 3 to 5 h, moisture content at 50 %, and substrate amount at 1.0 gram. This was set to be so in order to be able 

to achieve a good yield at low cost during industrial scale production. As seen in Table 4, the production process 

was economically feasible as the time of reaction to produce sorbitol was short while the yield was high. To 

minimize the usage of water, the moisture content should be maintained at 50 % in order to minimize the cost of 

producing sorbitol in the scaled-up process. The validation of the experimental design shown in Table 4 portrays 

that the production of sorbitol was higher when the moisture content was at 50 % and 1.0 g substrate amount.  

 

Conclusions: 

The sorbitol production was statistically optimized in the present work using the response surface 

methodology (RSM) in order to study the effect of the variable parameter during the solid state fermentation 

process using immobilized cells of Lactobacillus plantarum strain (BAA-793). The RSM was suitable enough 

for fitting a quadratic model for the prediction of the yield of the sorbitol as well as help in the optimization and 

analysis of the effects of the studied parameters which were considerable enough on the response. These feats 

were achieved with minimum experimental involvement due to the perfect utilization of the CCD model of the 

RSM.  
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