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incubated at 37°C for 24 hr. MontWy subculture ensured the availability of sufficient stock
cultures for experimental processes.

Production Medium

The composition of the medium used comprised of (gL-1
): glucose 30, yeast extract 10, KH2P04

0.5, Na2HP04.12 H20 1.5 and MgS04.7H20 0.5 respectively. The medium was prepared and
autoclaved at 121°C for 20 min. Glucose solution was autoclaved separately to avoid
caramelisation, and mixed aseptically with other components on cooling.

Cell Suspension Preparation

Cell suspension for the inoculum was prepared by inoculating a stock culture of Streptococcus
zooepidemicus onto SBA-p1ates and incubated overnight at 37°C. The colonies that were formed
was punched by a sterile cork borer to obtain a round disk of 0.85cm in diameter. The disks (5)
were then put into a sampling bottle containing 50ml of sterile distilled water. The sampling bottle
was then vortexed for 3min so that the cells will be evenly distributed in the liquid.

Inoculum Preparation

Seed culture or inoculum was prepared by inoculating 15ml of cell suspension into a 500 ml
Erlenmayer flask containing 135 ml of the fermentation medium. The flask was then incubated in
a rotary shaker at 37°C for 2 h at a speed of 250 rpm. The inoculum was standardized by
measuring the absorbance (optical density) at 600 om using a spectrophotometer. 150 ml of
inoculum with optical density within 0.5-0.9 was used to inoculate the fermentation medium.

Analytical Procedure

Samples were withdrawn at regular time interval and analyzed for cell, glucose, product and by
product concentration. Cell concentration was determined by measuring the optical density (OD)
at 600nm by a spectrophotometer and dry cell method. A correlation between cell dry weight and
OD6oo was established. Glucose concentration was measured using High Performance Liquid
Chromatography (HPLC) (Model: Shidmadsu, Japan) equipped with Gel Permeation
Chromatography (GPC) column and a guard column and monitored by a differential refractometer
detector (RID). HA was determined using the method as described by Mashitah et aI., (2002). The
concentration of H20 2 produced was analyzed by spectrophotometeric method as suggested by
Emiliani and Riera (1968) with slight modification.

Results and Discussion

Model Development

The kinetic model for batch fermentation was developed based on the report by Gu et aI.,(2006).
Kinetic model can divided into a growth model, a substrate model and a product model. Three
different equations derived to describe the kinetics behavior of hyaluronic acid production by
Streptococcus zooepidemicus will be analyzed in this study.

Microbial Growth

The most widely used unstructured models to described cell growth are the Monod and logistic
equation. The logistic equation is substrate independent model which account for the inhibition
growth, which occur in many batch processes. Logistic equations are a set of equations that
characterizes the growth in terms of carrying capacity (Gu et aI.,2006). It can be described as:
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Figure 2: Experimental Data and Kinetic Model Prediction for Biomass Concentration as a
Function ofTime using Logistic Model.

Product Formation

Many models have been proposed for the production of various useful metabolites (Kono & Asai,
1969). The model for product formations that are often used is based on Gu et aI., (2006). This
model was originally developed for the formation of lactic acid by Lactobacillus delbruckii. The
model is:

dP =a(dX)x+fJX
dt dt

(4)

where,
a = growth associated rate constant for product formation
p= non growth associated rate constant for product formation

The a and p values are empirical constant that vary with fermentation conditions
(Temperature, pH etc) as well as with microbial strains. The production formation with time can
be estimated by solving the Leudeking-Piret kinetics with the growth rate equations of logistic
equation (Equation 1).

dP (X)-=a/1 1-- +fJX
dt '" X",

Integrating,

P(I)= Po + a[X(t)- xol+,8 X~ In[(I-~)(l- e",)l
Ji". X m J

Simplify equation (6) gives

p(t) =Po + aA(t)+ pB(t)

(5)

(6)

(7)

P(I)-Po A(t)

Where A(t)= X(t)-Xo, B(t) = (Xm/Jlm)ln{l-(XoIXm)(l-exp[JlotJ)}. By plotting li(i) versus 8(/),
a straight line will be obtained with the slope of the line equals to a and the intercepts equals to p.
If a =I- 0 and p= 0, the product formation is growth associated.

There had been only several models in hyaluronic acid production reported in the literature.
Cooney et aI., (1999) used a structured, two compartment model for HA fermentation under
anaerobic and aerobic condition. Richard and Margaritis (2004) proposed empirical model and
Huang et aI., (2007) proposed delayed growth associated model for HA production.
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