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until constant weight. One optical density at 600nm is equal to 0.541 gr l dcw.
Determination and quantification of glucose and others organic acids were done by using

High Performance Liquid Chromatography (HPLC) (column SUPELCOGEL C-610H) , 0.1%
H3P04 and 1 ml/min of mobile phase and flow rate respectively. Separation was done in room
temperature and detection was by using Refractive Index detector (RI). pH was measured with pH
meter, Metler Toledo MP320U.

Results and Discussion

Full Factorial Design

Table 3 shows the results obtained from FFD experiments on the effect of CIN ratio and initial pH
on the maximum cell concentration of ESOD. From the table, highest cell concentration of ESOD
obtained was 3.59 giL at a combination o£1 CIN ratios and initial pH o£1.5. While about 3.25 giL
of maximum cell concentration was achieved when using CIN ratio of 14 at initial pH of9. Lower
cell concentrations were obtained at 0 CIN ratios, which are 0.79 gIL and 1.35 giL at initial pH of
9 and 6 respectively. From the observation, addition of nitrogen gave significant increased of
maximum cell concentration obtained at the same initial pH. Higher maximum cell concentration
(1.89g1L) was obtained at run 1 as compared to run 5 (0.79g1L). Similar results were obtained at
run 3 and 7 where addition of nitrogen improved maximum cell concentration achieved.

Table 3: Full Factorial Design Results

Shake Carbon/nitrogen Initial pH Final pH· Xmax (giL) of ESOD

flasks

1 0 9 8.67 1.89

2 7 7.5 4.94 3.59

3 0 6 6.58 1.35

4 7 7.5 4.93 3.58

5 0 9 8.04 0.79

6 14 6 4.53 2.22

7 0 6 6.95 2.47

8 14 9 4.86 3.25

9 14 9 4.95 3.24

10 14 6 3.90 2.61

·pH obtained after 24 hours cu Itivation

Based on the results obtained, it can be suggested that CIN ratio and pH gave significant
effect on the growth of ESOD. Higher CIN ratio value above 7 and pH ranging from 7 to 9 would
promote better growth and higher cell concentration achieved. Higher initial pH (9) was favor for
better growth of ESOD rather than low initial pH (6). Generally, pH of all cultures was observed
to be decreased greatly to acidic conditions after 24h of cultivation to about pH 4 to 5. The
reduction of pH in the culture is due to the presence of acetate and formation of several acids such
as acetic and lactic acid (data not shown).

Acetate formation in the medium cultivation of E. coli was lavisWy discussed by Lee, (1996),
Roe et at. (2002), Suarez & Kilikian (2000), Luli & Strohl (1990) and Riesenberg (1991). There
also reported that the high concentration of acetate (i.e. above 5gr' at pH 7) reduces growth rate,
biomass yield and maximum attainable cell densities in High Cell Density Cultivation (HCDC) of
E. coli (Luli & Strohl, 1990). A report has detailed the formation of acetate during HCDC of E.
coli TG 1 with glycerol as carbon source (Riesenberg, 1991). It is also noted that glycerol is more
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expensive than glucose and that cells grow more slowly on glycerol than on glucose.
Robbins & Taylor, 1989 said that during aerobic growth of Escherichia coli (recombinant K­

12 and strain B) on protein hydrolysate (L-broth) and a carbon source (glucose), acetic acid is
produced via glucose metabolism until the late log phase. At this point, the culture pH starts to
increase and the growth rate decreases. In cultures without further glucose supplementation, these
changes are associated with the accumulation of ammonia, the utilization of acetic acid, the
depletion of amino acids, and the complete depletion of glucose. They again hypothesize that,
after depletion of the glucose, the bacteria catabolize amino acids for energy and carbon and give
off the nitrogen as ammonia. Also contributing to the overall increase in pH is the depletion of the
acetic acid produced earlier as it is metabolized upon exhaustion of glucose. However, there is a
lag time of about 1 hour after the initial pH increase before the sustained accumulation of
ammonia begins. This lag indicates that an unidentified factor, in addition to the increase in
ammonia, contributes to the increase in pH.

Central Composite Design

The results from the FFD in this study signify that all the factors implemented were important
components in optimizing the culture medium by using CCD. The results of the second order
response surface model fitting in the form of analysis of variables (ANOVA) are given in Table 4.
Based on the Table 4, the fisher F-test with a very low probability value (Pmodel >F = <0.0001)
demonstrate a very high significance for the regression model. As reportted by Adinarayana &
Ellaiah (2002), high significance for the regression mode could be demonstrated by very low
probability value. The perfection of fit of the model was checked by the determination coefficient
(R2). In this study, the value of the determination coefficient (R2 = 0.963) indicates that only 3.7%
of the total variations are not explained by the model. The value of the adjusted determination
coefficient (Adj R2 =0.9297) is also very high, which indicates a high significance of the model.
At the same time, a relatively lower value of the coefficient of variation (C.V= 6.35) indicates
improved precision and reliability of the conducted experiments (Adinarayana & Ellaiah, 2002).
Values of "Prob > F" less than 0.0500 indicate model terms are significant, therefore all the model
terms in the Table 4 are significants. This was included first order, second order and interaction
between variables.

The application of RSM yielded the folowing regression equation which empirical
relationship between the concentration values of dry cell weight of ESOD and test variables in
coded unit. The experimental results were subjected to multiple regression analysis and the dry
cell weight was described in terms of the following second order polynomial equation for equation
(1) ;

Y giL = +3.31 - 0.26 XI - 0.28 X2 + 0.14 X3 + 0.33 Xt2 - 0.34 X22 + 0.14 X32 - 0.35 X1X2 - 0.72
XIX3 - 0.33 X2X3 (2)

Where Y is the response, that is the dry cell weight, giL and X"X2 and X3 are the coded values of
the test variables (glucose, yeast extract and tryptone (2: I) and pH respectively).
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Table 4: Analysis of Variables ofESOD

Sumof Mean F Prob> F
Source

Squares DF Square Value

Model 12.12 9 1.35 28.91 < 0.0001 significant

A 0.95 I 0.95 20.30 0.0011

B /.06 / /.06 22.68 0.0008

C 0.25 I 0.25 5.38 0.0428

A2 /.53 1 /.53 32.80 0.0002

B2 /.65 / /.65 35.36 0.000/

C2 0.30 / 0.30 6.4/ 0.0298

AB 0.96 1 0.96 20.67 0.0011

AC 4./8 / 4./8 89.74 < 0.000/

BC 0.89 / 0.89 19.09 0.0014

Residual 0.47 10 0.047

Lack o/Fit 0.3/ 5 0.062 2.02 0.2294 not significant

Pure Error 0./5 5 0.03/

Cor Total 12.59 19

Std. Dev. 0.22 R-Squared 0.963

Mean 3.40 Adj R-Squared 0.9297

C.V. 6.35 Pred R-Squared 0.7745

PRESS 2.84 Adeq Precision 20.936

DF : Degree of Freedom
Std. Dev. : Standard Deviation
C.V. : Coefficient of Variance
PRESS: Predicted Residual Error Sum of Square

Adj R-Square : Adjusted R Square
Pred R-Square : Predisted R-Square
Adeq Precision: Adequate Precision

The statistical analysis of the experimental results shows that pH was more important
variables for the growth of ESOD. It was evident from the values of coefficients in the equation
(1) that pH W3 = 0.14). The response of square coefficient of glucose (X1

2
) and pH (x/) have an

effect on the ESOD growth rather than yeast extract and tyrptone (2:1) (x/). Three dimensional
graphs were generated for the pair-wise combination of the three factors, while keeping the other
one at its medium levels for ESOD growth. Figure 1 is given to highlight the roles played by
various factors and comparison between factors. An figure are saddle shaped that showed
probability of the variables could be maximum or minimum point and the system of the contours
is caned a saddle or minimax system (Myers & Montgomery, 2002).
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