
BIOPROCESS ENGINEERING STUDIES ON 

THE BIOCONVERSION OF SORBITOL TO SORBOSE 

By Aeetobacter suboxydans 

by 

R. GIRIDHAR 

DEPARTMENT OF BIOCHEMICAL ENGINEERING AND 
BIOTECHNOLOGY 

SUBMITTED 

IN FULFILMENT OF THE REQUIREMENTS OF THE DEGREE OF 

DOCTOR OF PHILOSOPHY 

to the 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 
INDIA 

May 2000 



a 



o 

my wife 1 eiha 

and 

ravind and leda 



CERTIFICATE 

This is to certify that the thesis entitled, "BIOPROCESS ENGINEERING 

STUDIES ON THE BIOCONVERSION OF SORBITOL TO SORBOSE By 

Acetobacter suboxydans", being submitted by Mr. R. GIRIDHAR to the Indian 

Institute of Technology, Delhi for the award of the degree of Doctor of Philosophy, 

is a record of bonafide research work carried out by him under my supervision. The 

results contained in this dissertation have not been submitted in part or full to any 

other University or Institute for the award of any degree or diploma. 

Date: 2g 	, 2._1(-171) 
	

Dr. A.K. Srivastava 
Associate Professor 

Deptt. of Biochemical Engg. & Biotechnology 
Indian Institute of Technology, Delhi 



ACKNOWLEDGEMENTS 

It is with great affection and appreciation that I acknowledge my 

indebtedness to Dr. A.K. Srivastava, Associate Professor, Department of 

Biochemical Engineering and Biotechnology, Indian Institute of Technology, 

Delhi who initiated me into fermentation technology and stimulated my 

development as a Biochemical Engineer. I am very grateful to Dr. A.K. Srivastava 

for his invaluable guidance, continuous encouragement and compelling 

motivations throughout my research work. With great pleasure I acknowledge his 

keen interest and fruitful suggestions to see the success of my experiments. It has 

been an unforgettable experience to work with him. 

I like to express my deep sense of gratitude to Dr. James Gomes, Associate 

Professor for allowing me to use the facilities in the Bioprocess laboratory and for 

his valuable suggestions. 

I wish to express my heartfelt thanks and gratefulness to Dr. G.P. Agarwal, 

Prof. B.K. Guha, and Dr. T.R. Sreekrishnan for their critical comments and 

suggestions which helped me to make several improvements in my research work. 

I owe a debt of gratitude to Mr. J.A. Khan, Mr. D.V. Sharma and 

Mr. Keshav Prasad for their technical support without which this work would not 

have been successful. I also acknowledge the assistance and co-operation received 

from Mr. V.K. Ghosh of Biochemical Engineering Laboratory. 

I am indebted to Mr. Mukesh Anand, Mr. Rana, Mr. Bagwan Singh, 

Mr. G.P. Yadav, Mr. Hardeep, Mr. Santram, Mr. Pitamber, Mr. Rahbir and 



Mr. Shivcharan for providing me necessary assistance and help as and when 

required during the course of my research work. 

It is a pleasure to acknowledge the help offered by Ms. Neera Verma of 

Documentation Centre, Administrative staff members of Department of 

Biochemical Engineering and Biotechnology Mr. Didar Mal for speedy 

arrangement of chemicals and other materials for my research work, Mr. C.P. 

Kalra, Ms. Sunita Verma and Mr. Babu Lal. 

I also take this opportunity to extend my sincere thanks to all my friends, 

especially Dr. Vandana Goswami, Mr. Sanjay Sharma, Ms. Muna Ali and 

Ms. Malini Seth for their help and cooperation throughout my research work. 

I like to express my gratitude to Mr. R.P. Kapoor, STA, Electrical 

Engineering Department, IIT Delhi for excellent preparation of drawings. 

Finally, but not the least, I would like to thank Mr. T. Santhosh, DST 

Systems and Graphics, New Delhi for type setting and excellent compilation of my 

thesis. 

R. Giridhar 



ABSTRACT 

Batch kinetic analysis of sorbitol to sorbose bioconversion by Acetobacter 

suboxydans was investigated at a constant temperature of 30°C and p1-1 6.0. Using 

initial sorbitol concentrations (So) of 100, 200, 300 and 400 g 	in batch 

fermentations, a sorbose productivity of 10.11, 14.28, 12.41 and 3.99 g1-1  respectively  

was obtained. Substrate inhibition studies revealed that the specific growth rate of the 

culture decreased with increase in initial sorbitol concentration. The culture exhibited 

a Luong type (Luong, 1985) inhibition by sorbitol with a concave relationship 

(inhibition exponent 'a' = 0.81) between p. and S. The growth was completely 

inhibited at So  = 510 g 

The effect of increasing initial sorbose concentration (P) on specific growth 

was also investigated. The specific growth rate (p) decreased with increasing initial 

sorbose concentrations. Extrapolation of the above correlation indicated that no 

growth would be observed at P — 700 g r'. 

Unstructured batch mathematical models for sorbose fermentation was 

developed. Their parameters were identified for So  = 100 g 171  and 200 g 	. For 

optimal estimation of model parameters, a non-linear regression technique assisted by 

a computer program was used to minimize the deviations between the model 

predictions and the experimental observations. The model simulations and 

experimental results were found to be in good agreement, when optimized parameters 



were used. The statistical validity of the identified models were demonstrated with an 

accuracy of 99% using 'F' tests. 

The batch kinetic models were then extrapolated to develop nutrient feeding 

strategies for fed-batch fermentations for productivity improvement. The adequacy of 

the fed-batch models were further demonstrated by conducting fed-batch 

fermentations at constant feed rate (So  = 500 g r', 0.2 1 ICI) and variable feed rate 

(pseudo-steadystate w.r.t S) to maintain a constant sorbitol concentration (S = 36.2 

g 1-1) in the reactor. 

Several nutrient feeding strategies for fed-batch fermentations were designed 

and tested to improve the sorbose concentration and/or productivity in the fermenter. 

Higher sorbose concentration and productivity were obtained by feeding sorbitol at 

constant feed rates (500 g r' @ 0.2 1 If', 600 g @ 0.36 1 VI), multiple feeding and 

feeding at a linearly decreasing rate. Fed-batch fermentations initiated with So  = 100 

g 1-1  were found to be more productive than the fermentations initiated with So  = 200 

g1-1. 

Continuous fermentations were done at different dilution rates (0.05, 0.10, 

0.15 and 0.3 If') and the effect of dilution rate on culture growth and sorbose 

formation was elucidated. A dilution rate of 0.10 h.% for continuous fermentation 

without cell recycle, demonstrated a maximum sorbose concentration of 176.90 g r' 

with the highest conversion efficiency of 88.5%. A sorbitol productivity of 17.69 

g 1-1114  was also obtained. However, when the dilution rate was increased to 0.3 

the sorbose concentration decreased to 73.20 g 1-1  mainly due to culture washout. 



Eventhough the productivity increased to 21.96 g 	If the outflow of unconverted 

sorbitol was also found to be higher (130 g  F') at D = 0.3 h-1. 

With total cell recycle, high sorbose concentration (181.38 g 	alongwith a 

sorbose productivity of 18.14 g I II I and 90.6% conversion was obtained at D = 0.10 

. Lower specific rates of sorbose formation in continuous fermentation with cell 

recycle as compared to without cell recycle, indicated severe oxygen limitation since 

the sorbose concentration did not increase in proportion to the increase in biomass 

concentration achieved by cell recycle. 

The possibility of enhancing  sorbose concentration by using  oxygen vector 

(n-hexadecane) in shake flask fermentations was investigated. Addition of n-

hexadecane improved the sorbose accumulation in shake flask fermentations as 

compared to fermentation without n-hexadecane. Addition of 4% n-hexadecane 

resulted in a maximum sorbose accumulation of 82.12 g  11  in 24 hours as against 

64.83 g 11  without n-hexadecane. Batch sorbose fermentation with 4% n-hexadecane 

demonstrated an increase in productivity from 14.3 g  11-1  (without n-hexadecane) to 

16.7 g 1-1 	Fed batch fermentation using  4% n-hexadecane reduced the processing  

time from 26 hours (without n-hexadecane) to 20 hours increasing  the sorbose 

productivity from 12.6 g 	11-1  (without n-hexadecane) to 15.9 g  h-'. 
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