


Current Topics on

Bioprocesses in 
Food Industry

Volume III

Editors 
L. Venkateswar Rao 

Ashok Pandey 
Christian Larroche 

Carlos Ricardo Soccol 
Claude-Gilles Dussap

API
ASIATECH PUBLISHERS, INC.

New Delhi



©  2010, A siatech  Publishers Inc.

All rights reserved. No part o f this publication may be reproduced or transmitted, 
in any form or by any means, without permission from the publishers.

ASIATECH PUBLISHERS INC.
New Delhi

ISBN 81-87680-21-0

Published by N.K. Muraleedharan for Asiatech Publishers Inc.
E-20, Arya Nagar, CGHS, Plot No. 91,1.P. Extension, Patparganj, Delhi 110092.

Ph.:+91-11-22724601 • Fax:+91-11-22724601
e-mail: asiatech_pb@yahoo.co.in • www.asiatechpublishersinc.com

Typeset by Printplus, F/47, Madhu Vihar, Patparganj, Delhi-110092 
Printed at Chaman Enterprises, Pataudi House, New Delhi-110 002.

mailto:asiatech_pb@yahoo.co.in
http://www.asiatechpublishersinc.com


Preface

This book is the outcom e o f  the selected papers presented in the International Congress on Bioprocesses 
in food industries (ICBF-2008) held at H yderabad, India during N ovem ber 6-8, 2008. ICBF-2008 was 
organized jo in tly  by the ICBF Forum (w w w .icbfforum .org) and the Biotech Research Society o f  India 
(w w w .brsi.in). The conference focused on recent developm ents in food bioprocessing. It provided a 
platform  for participants to share their thoughts and views. The conference displayed the num erous 
breakthroughs and new developm ents in these areas and their relevance to the welfare o f  mankind. 
Leading researchers from various universities, institutions and industries from all over the world 
participated in the conference and addressed the delegates.

Bioprocesses in Food industries are m ainly based on the exploitation o f biocatalysts w hich com e from 
an enzym e source or w hole m icrobial cells. This has been in vogue since m any decades. M ajority o f  
bioprocesses are the bioconversions that have the target to am eliorate the quality o f  food in term s o f its 
taste, preservation, digestibility, shelf life, etc. Food bioprocessing provides know ledge on the enzyme 
and biocatalysts in the food biotechnology, applications o f  fermentation technology in the food production, 
and food developm ent and bioreactor design. G enetically m odified foods are also focused upon. In the 
frame o f recent know ledge in the food science, aspects o f  food m icrobiology, nutritional, chem ical and 
rheological properties are also studied and explored in varied directions. New knowledge o f  the alleviating 
significance comprises the biotechnology o f recovery o f bioactive molecules, process biotransformations, 
significance and perspectives o f  plethora o f  enzym es, especially present in milk. Strategies for the 
im provem ent o f  yeasts and hum an and anim al health prom oting lactic acid bacteria by genetic 
m odification, m odulation o f  natural antioxidants in functional foods, recent viral tissue bioprocessing 
m ethods for de tec tion  o f  v iruses in food sam ples, p roduction  o f  various com pounds th rough 
biotechnology are pacing up. Like wise, new and com prehensive know ledge for the im m obilized cells 
and enzym es is review ed for the brewing, wine m aking, ferm ented dairy and non-dairy probiotic 
beverage production and cereal byproducts exploitation.

http://www.icbfforum.org
http://www.brsi.in
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1
Study on the effects of organic solvent stress 
on Bacillus licheniformis S-86

Sebastian Torres1, Licia M. Pera1, Ashok Pandey2 and 
Guillermo R. Castro3 4
'Planta Piloto de Procesos Industria ls Microbiologicos (PROIMI)*, Av. Belgrano y Pasaje Caseros, 
T4001 MVB Tucuman, Argentina; biotechnology Division, National Institute for Interdisciplinary 
Science and Technology, CSIR, Trivandrum-695 019, India, 3CINDEFI -  INIFTA (Universidad 
Nacional de La Plata- CONICET La Plata), Calle 50 y 115 (B1900AJL) La Plata, Buenos Aires, 
Argentina; '•Department of Biomedical Engineering, School of Engineering, Tufts University, 4 Colby 
Street, Medford, MA 02155, USA

1.1 INTRODUCTION
There is increasing interest in organic solvent-tolerant microorganisms and their enzymes, which generally 
display high stability in the presence of non-aqueous solvents (Ogino et al., 1999). Despite the toxicity of 
the solvents for all forms o f life, some organic solvent-tolerant bacteria capable of thriving in the presence 
of these toxic compounds have been reported (Isken & de Bont, 1996; Wang et al., 2008). Most of the 
solvent-tolerant microorganisms reported have been Gram-negative bacteria, which display a cascade of 
adaptive mechanisms used to acclimatize in the presence of toxic organic solvents. The primary site of 
organic solvents action is the cell membrane (Sardessai & Bhosle, 2004). Two major mechanisms have 
been described in these microorganisms. The first one involves the alterations to the cell membrane 
composition in order to decrease the solvent permeability (Pinkart et al., 1996; Aono & Kobayashi, 1997; 
Ramos et a l ,  1997; Tsubata et al., 1997; Heipieper et al., 2003). The second type of adaptive response 
reduces the accumulation of organic solvents in the inner membrane by transporting the solvent molecules 
out o f the lipid bilayer using active efflux pumps (Isken & de Bont, 1996). Likewise, solvent utilization at 
high rates or solvent biotransformation to a less toxic product has been observed in some tolerant bacteria 
(Vangnai et al., 2002; Na et al., 2005). In addition, changes in the overall cell morphology have been 
found in Gram-negative microorganism in response to organic solvents and other stressful environments 
(Shi & Xia, 2003; Neumann et al., 2005). On the contrary, only little is known on the effects of organic 
solvents in Gram-positive bacteria. Gram-positive bacteria lack the outer membrane present in Gram- 
negative bacteria, and consequently display different mechanisms for surviving with toxic substances in 
their environment. Thus, some organic solvent tolerance mechanisms in Gram-positive bacteria have
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been proposed, such as the induction of a general stress response (Volker et al., 1999), production of 
organic solvent emulsifying or deactivating enzymes (Sardessai & Bhosle, 2002), and active solvent 
efflux pumps as well as in Gram-negative bacteria (M atsumoto et al., 2002; Sardessai & Bhosle, 2002). 
Also, alterations in cell morphology and filamentous growth have been observed in solvent resistant 
bacteria in response to environmental stress, which could also implicate major changes in the composition 
of the cell membrane (Maier et al., 1999; Nielsen et al., 2005).

A wild-type solvent-tolerant and esterase producer B. licheniformis S-86 was isolated and characterized 
by Torres & Castro (2003) and Torres et al., (2008). The cell-free extracts of this strain showed esterase 
activity in 50% of hydroxylic organic solvents. It was demonstrated that the esterase production increased 
in the presence of propan-2-ol, butan-l-ol and 3-m ethlybutan-l-ol (3MB) (Torres et al., 2005). 3MB 
represents a very attractive organic solvent model due to its high cellular toxicity, and econom ic 
interest of its esters present in many natural flavors from spirits, wines, coffee, and fruits. Filamentous 
growth of B. licheniformis S-86 has been observed in the presence o f 3 MB, similar to that reported in 
other bacteria, including some Bacillus species under salt stress (M cM ahon et al., 2007). In addition to 
this, some reports have described that different stresses, including high salinity and solvents such as 
ethanol can induce stress proteins, including some hydrolytic enzymes, with protective functions in 
Bacillus species (Petersohn et al., 2001; Van Schaik et al., 2004). Based on this premise, and in order 
to establish which stress responses observed in this microorganism  are specific towards 3 MB, the 
presen t w ork investigated  the com parative effects o f 3 MB stress factor and high salin ity  on 
B. licheniformis S-86 cell growth, m orphology and esterase activity.

1.2. MATERIALS AND METHODS 

1.2.1 Bacterial strain and medium
B. licheniformis S-86, a thermopile and organic-solvent-tolerant esterase producer microorganism  was 
isolated from pristine soil (Torres & Castro, 2003). Growth and enzyme production experim ents were 
carried out in a synthetic medium described previously (Torres et al., 2005).

1.2.2 Culture conditions and growth in presence of stressing compounds
Cells were grown at 50°C in 125-ml Erlenmeyer flasks containing 15 ml of basal media for 48 h on a 
rotary shaker at approximately 3.3 Hz. Either 3-m ethylbutan-l-ol (0.1 to 0.6%, v/v) or NaCl (0.5 to 2.5 
M), were added to the synthetic media in order to study the cell growth, cell morphology and esterases 
production. Growth was monitored by measuring the optical density at 560 nm (ODS60) and correlated 
with the corresponding colony forming units as assayed in nutrient agar plates. Effects of either 0.6% 
3 MB or 1.5 M NaCl on cell cultures, were measured by comparison of specific growth rate (ju, h '1) 
between the cultures with and without organic solvent or salts. Growth inhibition percentage was defined 
as the ratio between growth rates of cultures grown in presence of toxic compound and control.

M orphological cell studies were carried out using the cells in exponential growth at OD560 of 0.6. To 
investigate the effect of experimental conditions on esterase production, the samples were withdrawn 
at 24 and 48 h.
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1.2.3 Scanning electron microscopy (SEM)
Cells were grown until m id-exponential phase, harvested by centrifugation and washed twice with 
100 mM potassium phosphate buffer (pH 7.0). Bacterial cells were then fixed by immersion in 3.16% 
(w/v) glutaraldehyde buffered with 100 mM potassium  phosphate buffer (pH 7.0) overnight at 4°C. 
This was followed by w ashing the cells twice with potassium phosphate buffer and post-fixed in 4% 
0 s 0 4 in the same buffer for 2 h. The fixed specim ens were dehydrated in a graded ethanol series 
(30, 50, 70, 80, 85, 90, and 100%, v/v), and finally in 100% acetone. Dehydrated specim ens were 
critical-point dried in a C O , atm osphere, mounted on aluminum specimen stubs and examined under a 
JEOL 35CF (Jeol LTD, Tokyo, Japan) scanning electron microscope (SEM).

Cell dim ensions were directly m easured from  SEM photographs. Cell volum e (V) (Eq. 1) and surface 
area (a) (Eq. 2) were calculated using the follow ing equations (Shi et al., 2003; Neum anm  et al., 
2005):

F (n m 3) = ( 7 t /4 ) r - /  + (7t/3) W -R \  (Eq. 1)

a (unr) = 2 (W / 2 ) 2 n +  2 n (W/ 2 )  /; (Eq. 2)

Where W  and / represent the width and length of the central part o f the cylindrical cell respectively, and 
R  was the equatorial radius of the spheroid caps at both ends of the cylinder. About 30 individual 
bacteria per population were measured, and average cellular lengths, widths, volum es and surface 
areas were calculated. Cells showing deform ations, depressions or rupture were not analyzed.

1.2.4 Transmission electron microscopy (TEM)
The fixed specim ens (obtained as above) were dehydrated in a graded ethanol series (30, 50, 70, 80, 
85, 90 and 100%, v/v), and em bedded in Spurr resin (epoxy resin). Thin sections, approxim ately 90 
to 110 nm in width, were obtained with an ultram icrotom e from the polym erized resin blocks. The 
sections were then m ounted on platinum -palladium  grids and stained with 1% uranyl acetate and lead 
citrate. Microscopy was performed with a Zeiss F,M 109 (Carl Zeiss, Oberkochen, Germany) transmission 
electron microscope under standard operating conditions.

1.2.5 Measurement of cell surface hydrophobicity
Cell surface hydrophobicity was determ ined by the hydrocarbon/buffer tw o-phase system  method 
(Rosenberg et al., 1980). Cells were grown exponentially until 0.6 OD560, and then harvested, washed 
and suspended in 20 mM potassium  phosphate buffer (pH 7.0) to get the initial optical density. A 0.5 mL 
of bacterial suspension was mixed with equal volume of either hexane or 3 MB. Each suspension was 
vigorously agitated for 2 min and allowed to settle for 10 min to allow the cells separation into organic 
and aqueous phases. The aqueous phase was then carefully removed and its optical density was measured 
at 560 nm. The results were expressed as the proportion of cells excluded from the aqueous phase. 
The optical density decrease of the aqueous phase was used as a measure of cell surface hydrophobicity 
and expressed in %.
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