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ABSTRACT 

Saudi Arabia is one of the largest producer and exporter of date fruit. Several cheap varieties of dates are available 
throughout Saudi Arabia. In the present study we have optimized the batch fermentation conditions for the maximum 
recovery of biomass from a date syrup based medium. We have employed central composite design of experiments in 
conjunction with response surface methodology to determine a second order polynomial dependence of yeast 
(Saccharomyces) biomass on fermentation conditions (Agitation rate, Air flow rate, Incubation period).  Genetic 
algorithm (GA) was then employed to determine the optimum combination of fermentation conditions for maximum 
biomass recovery. GA optimal values for Agitation rate, Air flow rate, Incubation period are: 131.87 RPM, 5.19 LPM and 
61.0 Hrs respectively. The maximum biomass generated at this optimum combination was found to lie within ±5% of the 
GA predicted maximum. 
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INTRODUCTION 
During growth, microbial populations sense and adapt to function optimally in the current environment. 
Any alterations in the environment determine its ability to survive [1]. The extent of the change will 
determine whether the organism is killed, ceases growth, or has an increased lag time and reduced 
growth rate [2]. In nature and in industrial processes, microorganisms encounter a constantly changing 
environment. In order to survive, they have to respond to stress-generating conditions such as depletion 
of a nutrient, changes in osmolarity, increase in temperature, presence of oxidative elements, changes in 
pH, etc. which can affect cell growth and viability [3]. These responses to stress tend to be complex and 
cause changes in growth and metabolic fluxes and rates. 
Among environmental stresses that yeast can experience, ethanol toxicity, carbon starvation, temperature 
fluctuations, inhibitors are major stressors, especially encountered in fermentation process and biomass 
production. Under optimal conditions, S. cerevisiae is capable of producing desired biomass at rapid rates. 
However, this high rate is maintained for only a brief period during batch fermentation and declines 
progressively as optimum conditions tend to change in the surrounding broth due to various 
environmental cues [4]. These stressful conditions can decrease yeast growth rates, cell viability, inhibit 
several systems for nutrient transport; reduce their metabolic activity, and extreme cases, result in cell 
death [5]. Stress-response pathways play a major role in maintaining cellular response to various stress 
conditions in order to get desired metabolite at required rate [1]. 
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Dates are probably the cheapest and the most common ready to eat carbohydrate rich food item available 
in Kingdom of Saudi Arabia. It is available throughout the year. Cost range from very low for some 
varieties to very high for the others. We selected dates as the major source of carbohydrate for the 
biomass generation production medium for Saccharomyces fermentation since dates are easily available, 
cheap, rich in carbohydrate, easy to handle (make date syrup) and available throughout the year. Dates 
consist of high percentage of reducing sugars which can be easily assimilated during fermentation [6]. 
Generation of yeast biomass from a date syrup based production medium, cultured under well optimized 
fermenters conditions would result in fixing carbon, hydrogen, oxygen and nitrogen from a cheap source 
into more valued yeast single cell protein (SCP). SCP may serve as a high protein and carbohydrate diet 
supplement for poor sections of the society who has limited access to costly protein diet [7, 8]. 
Fermentation conditions optimization play a central role in determining the feasible production of any 
metabolite or biomass. Rate of biomass generation in Saccharomyces is strictly effected by nutritional and 
oxygen mass transfer effects. 
The three most common parameters for fermenter condition optimization are air flow rate, agitation rate 
and incubation period [9]. Both agitation and aeration rates effect the distribution of nutrient and oxygen 
within the fermenter[10]. Longer incubation periods correspond to nutrient depletion and generation 
creating a nutritional stress. In the present study we have optimized the fermenter conditions applying 
response surface optimization in combination with genetic algorithm [11, 12] for biomass generation 
from a cheap and easily available date syrup based medium. 
 
MATERIALS AND METHODS 
Preparation of Date Syrup (DS)  
Date flesh (Sukkaridates) were crushed and cut to small pieces and dry-blended. Two and 1/2liters of hot 
water at 80-85°C were added to 1kg of date, homogenized and filtered through a cloth. The collected raw 
date juice was then centrifuged at 15,000 rpm for 10min. The produced date syrup was used as culture 
medium. The carbohydrate content of the date syrup was determined as per Mathew et al., 2014 [13]. 
Production medium (PM) 
A date syrup (DS) based production medium was used for the generation yeast biomass. The production 
medium has the following composition. Date Syrup (carbohydrate conc): 61.34 g/L; Initial pH: 7; 
(NH4)2SO4: 3.0 g/L; Blocker 21: 33.0 mcg/mL; Blocker 1782: 36.75mcg/mL. Blocker 21 and Blocker 1782 
are thiamine enhancers identified in our lab and procured from Analyticon® Germany.  
Design of Experiments and Optimization protocol 
The central composite design (CCD) was applied as design of experiment for its orthogonality and 
rotatability. The experimental runs of the CCD serve as inputs in determining the mathematical model 
that correlates concentrations of the medium components and desired outputs. In the present study, we 
have used Circumscribed fully orthogonal and rotatable full factorial design (Table 1). 
(GA) was employed to determine the optimum combination of fermentation conditions for maximum 
yeast biomass production on MATLAB platform. GA is a method for solving optimization problems based 
on natural selection, the process that drives biological evolution. The GA repeatedly modifies a population 
of individual solutions. On the basis of the three rules (selection, crossover, and mutation), GA randomly 
selects from the current population the individuals who act as parents and uses them to produce children 
for the next generation. Over successive generations, the population “evolves” toward an optimal 
solution. 
Inoculation, Biomass Generation and Recovery 
Following fermentation conditions were optimized using CCD of experiments(Table 1). 

Fermentation Parameters Agitation rate 
(rpm) 
 

Aeration rate 
(LPM) 
 

Incubation 
Period (Hrs) 

Low 60 3 24 
High 150 6 72 

 
All the experiments were performed at fermenter level (New Brunswick BioFlo® 115 Benchtop 
Fermenter& Bioreactor) with 3L medium. Freshly grown Saccharomyces cells in PDA slants were 
inoculated (5% inoculation) in fermenter containing 3L production medium. Each yeast PDA slant was 
mixed with 10 mL of physiological serum (9.9 g/L NaCl in distilled water prepared in test tubes and 
sterilized). Culture broth was harvested after respective incubation periods (as per CCD Table 1). The 
culture broth was then centrifuged at 10000 RPM for 15minutes. Harvested cells were filter dried and 
weighed (Table 1). 
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RESULTS AND DISCUSSION 
Results of CCD experiments of fermentation condition optimization are summarized in Table 1. 

Table 1: CCD of Experiments for Maximum Biomass from Date syrup based production medium. 
Agitation rate 

(RPM) 
Air Flow Rate 

(LPM) 
Batch Incubation Period 

(Hrs) 
Biomass 
(mg/mL) 

RSM 
Prediction 

60.0000 3.000000 36.0000 3.4 3.79 

60.0000 3.000000 96.0000 6.4 6.36 

60.0000 6.000000 36.0000 4 5.73 

60.0000 6.000000 96.0000 6 5.24 

150.0000 3.000000 36.0000 5 5.61 

150.0000 3.000000 96.0000 6.6 6.62 

150.0000 6.000000 36.0000 5.2 5.10 

150.0000 6.000000 96.0000 7.7 6.05 

29.3193 4.500000 60.0000 6 6.17 

180.6807 4.500000 60.0000 7.2 7.63 

105.0000 1.977311 60.0000 4.4 4.70 

105.0000 7.022689 60.0000 8.4 7.70 

105.0000 4.500000 9.5462 1.3 2.59 

105.0000 4.500000 110.4538 8.6 7.96 

105.0000 4.500000 60.0000 8.5 8.76 

105.0000 4.500000 60.0000 8 8.76 

105.0000 4.500000 60.0000 8.3 8.76 

105.0000 4.500000 60.0000 8.5 8.76 

105.0000 4.500000 60.0000 8.1 8.76 

105.0000 4.500000 60.0000 8.1 8.76 

105.0000 4.500000 60.0000 8.2 8.76 

105.0000 4.500000 60.0000 8.3 8.76 

105.0000 4.500000 60.0000 8.5 8.76 

 
A second-order polynomial response equation (of the form given below) comprising linear, quadratic, 
and interaction terms was obtained: 
Y = b� + ∑ b�x� + ∑ b�

�x�
� + ∑ b��x�x�      (Eq. 1)  

 
Here b�correspond to intercept, b� to coefficient for linear regression coefficients, 
b�

� to coef�icient for quadratic regression coefficient and b��to coefficient for interaction regression 

coefficients. Here x� here i is 1 to 3 respectively for each fermentation condition viz: Agitation rate, Air 
flow rate and incubation period respectively. The ANOVA for the overall multiple nonlinear regression is 
shown in table 2.It can be observed that R-Sqr and the Adj-Rsqr values are quite near to one (0.90946 and 
0.84679 respectively) which identifies that the overall response fitting of the model is efficient to 
represent the effect of fermentation parameters on biomass concentration. 
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Table 2:  ANOVA of Response Surface Polynomial Fitting for Maximum Biomass from Thiamine Optimum 
Medium. 

ANOVA; Var.:Biomass (g/L); R-sqr=.90946; Adj:.84679 (Spreadsheet12) 3 factors, 1 Blocks, 23 Runs; MS 
Residual=.621804 DV: Biomass (g/L) 

 SS df MS F p 
(1)Agitation rate (RPM)(L) 3.30483 1 3.30483 5.31490 0.038273 

Agitation rate (RPM)(Q) 6.85382 1 6.85382 11.02248 0.005531 
(2)Air Flow Rate (LPM)(L) 4.95622 1 4.95622 7.97071 0.014375 

Air Flow Rate (LPM)(Q) 8.40909 1 8.40909 13.52371 0.002787 
(3)Batch Incubation Period (Hrs)(L) 33.46158 1 33.46158 53.81370 0.000006 

Batch Incubation Period (Hrs)(Q) 24.43673 1 24.43673 39.29973 0.000029 
1L by 2L 0.15125 1 0.15125 0.24324 0.003099 
1L by 3L 0.10125 1 0.10125 0.16283 0.693121 
2L by 3L 0.00125 1 0.00125 0.00201 0.964919 

Error 8.08345 13 0.62180   
Total SS 89.28435 22    

 
All the regression coefficients were found to be significant (Table 3). The regression coefficients were 
determined by Response Surface Polynomial Fitting. 
 

Table 3:Regression Coefficients of Response Surface Polynomial Fitting 
Regression - Coeff. Name Regression - Coeff. 

value 
Std. 
Err. 

t(13) p 

Mean/Interc -12.5224 3.654152 -3.42690 0.004504 

(1)Agitation rate (RPM)(L) 0.0749 0.030697 2.43913 0.029816 
Agitation rate (RPM)(Q) -0.0003 0.000098 -3.32001 0.005531 

(2)Air Flow Rate (LPM)(L) 3.1143 0.986217 3.15784 0.007557 
Air Flow Rate (LPM)(Q) -0.3233 0.087921 -3.67746 0.002787 

(3)Batch Incubation Period 
(Hrs)(L) 

0.2844 0.055814 5.09566 0.000205 

Batch Incubation Period 
(Hrs)(Q) 

-0.0022 0.000343 -6.26895 0.000029 

1L by 2L 0.0020 0.004130 0.49320 0.630099 
1L by 3L -0.0001 0.000258 -0.40353 0.693121 
2L by 3L -0.0003 0.007744 -0.04484 0.964919 

 
Since the response surface fitting proved to be efficient, the response equation was used to determine the 
effect of the fermentation parameters on the biomass generation. Response surface profiles for the effect 
two parameters (keeping the other at central values rows 15-23, Table 1) were determined (Figure.1-3). 
It can be observed that the central values correspond to maximum biomass concentration. Individual 
higher values of each fermentation parameter (while keeping the rest two at the central values) result in 
decreased biomass generation this reflected by the negative values of the quadratic coefficients for each 
fermentation parameter (Agitation rate, air flow rate and Incubation period). This explains that higher 
agitation rates however cause more cell damage and contributes little or none in convective mass transfer 
of medium components to the cell surface. An optimum balance of cell division and mass transfer of 
medium components is however obtained somewhere around the central values of agitation rate.  
Similar trend is observed for the batch incubation, longer incubation periods may leadto nutritional 
stress. Saccharomyces cell when exposed to nutritional stress  undergo meiosis to form haploid spores 
[14]. The rate of cell multiplication differs widely between the two modes of reproduction (asexual 
budding and sexual sporulation). The preferred mode of cell division in saccharomyces corresponds to 
mitotic budding since the yeast cells almost doubles in matter of minutes (~100 minutes). Yeast cell 
multiply at faster rate when the adequate nutrient supply is available [15].  
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Figure 1: Response Surface for the Effect of Air Flow Rate and Agitation on Biomass (g/L). 

 

 
 

Figure 2: Response Surface for the Effect of Incubation Period and Agitation on Biomass (g/L). 
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Figure 3: Response Surface for the Effect of Incubation Period and Air Flow rate on Biomass (g/L). 

 
The response equation (Eq.1, with the regression coefficients from Table. 3) was then used as a fitness 
function in the optimization performed using genetic algorithm (GA) on MATLAB® Platform. Using a 
population of 200, the responses of the successfully converged to the optimum values after fifteen 
generations (Figure4). 
 

 
Figure 4: GA Optimum for Biomass from Date Syrup based Medium. 

 
 
GA predicted a maximum biomass of 9.22427 mg/mL at the following optimum fermentation conditions 
were determined 

Agitation rate (RPM) Air Flow Rate (LPM) Batch Incubation Period (Hrs) 

131.87 5.19 61.0 
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This value was further evaluated through experiment (in triplicate) the average biomass obtained was 
~9.0 mg/mL. This is in close agreement of what was predicted by GA.  
Under nutritional stress corresponding to longer incubation periods the rate of cell division falls sharply 
and my even fall below the rate of cell death resulting in decreased biomass generation. Lower agitation 
rates correspond to inefficient oxygen supply to yeast cells creating micro anaerobic environment around 
the cell surface. Yeast cells under anaerobic conditions adapt by sporulation resulting in decreased rate of 
cell multiplication. Very high air flow rates (~ central agitation values) result in the formation of larger 
bubbles having a short residence time and smaller overall of surface area for oxygen mass transfer. This 
creates a similar oxygen deficient environment around dividing cells. Reduced oxygen inversely affects 
the rate of cell division resulting in lower biomass generation.     
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