CHAPTER 2

LITERATURE REVIEWS

Currie et al (1972) investigated | f protein from disrupted baker's yeast

(Saccharomyces cerevisiae) using a 4.2 li |tat0r mill. Rate of protein released

six operating parameters as tempe 5 (5:42°¢ gitator speed (500-1800 rpm), bead
size (0.5, 0.8, 1.1, 2.0, and 2.8l Weight 6f beads ( *\.q; , feed rate of yeast suspension
(1-8 l/min), and yeast concg _ -*1 L5 Xs east/ml). It was found that the
disruption efficiency in peeds, loading of beads, while it

decreased when the feed#a as increased. Operating temperature

Kunas and Papoutsakis (1990} showed tha en freely suspended hybridoma cells
were cultured in an agiteted-bicreactor, two -ﬁ_"—”\# chanisms could cause cell
[

damage and growth retardatio hen there existed gas phase

dispersion associated wuth \‘pr‘cex formation and accompamed by bubble entrainment and

breakup. The Iattﬂ)ﬂrﬁf Qrﬂeﬁﬂﬁ% ﬂ[ﬂ ﬂ: ?bble entrainment. Cells

could be damagedljonly at very high agltatlon rates above apprOX|mater 700 rpm, by
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bubbles cause no growth retardation even at agitation rate as high as 600 rpm.

Bavarian et al (1991) studied the interaction of two suspended insect cell with air
and oxygen bubbles by microscopic, high-speed video technology. Based on the
observation, cell-bubble adhesion and cell-bubble collision were the main cause of cell

damage. Bubble rising could form high shear in the suspension. Thus, cell would deform by



the fluid flow around the bubbles. It was reasonable to assume that the cell would

experience a surface shear stress.

Papoutsakis (1991) was interested in damage of animal cells in bioreactors
incorporated with agitation and/or aeration. With microcarrier (polymeric or glass beads,

typically 120-400 lm in diameter), cells were damaged due to forces generated by the

interaction of microcarrier beads with each other and also with small turbulent eddies. There
was a strong experimental evidenc

,/ -fluid interactions were detrimental to cell

disruption. Additionally, the ef& 1 interactions were also believed as
.#

the main source of cell damw_ . % However, for freely suspended

cells grown in mixed biorea 1 mage was.n requently due to bubble breakup

or fast-draining liquid films.

bubble breakup/ coalescence withi bubble formation at the sparger, or by

bubble bursting at the Se surfate: S sonjectural me isms were perused from the
k ‘

dominant parameters, ;&:———,—,;;-- ubble encot ate and the bubble breakup/

bursting rate. Finally, the ﬁem
the specific bubble interfaciéit ﬁa (total bubblets’})rface area per unit volume of media).
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Chalmers (1994) studied various ‘Parameters which could provyde effect on the cells
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into three distinct regions in a bioreactor: (i) bubble generation region (ii) bubble rising
region (iii) bubble disengagement region. The hypothetical killing volume correlation
demonstrates that an increase in the height to diameter ratio resulted in the decreased cell
damage. From his experimental results, rupturing bubbles at gas-liquid interfaces with
attached cells was believed to result in cell death. On the other hand, additives in the media

which prevented cell attachment to gas-liquid interfaces could protect cells from damage.



Carlson et al (1995) evaluated five different mechanical cell disruption methods to
extract plasmids from bacterial cells. The methods used were sonication, nebulization,
homogenization, microfluidization and bead milling. The recovery yields of intact plasmids
from the various methods were measured by quantitative gel electrophoresis. Although cell
disruption was obtained in all the methods tested, only two methods, microfluidization and
bead milling, resulted in high recovery of intact plasmid with total intact recovered of over

90% and around 50%, respectively. Other methods resulted in substantial plasmid

cells in bubble columns b | 8 flc ates ant le sizes. The first-order death

rate was shown to be directly jpFope g e gas flow rate and inversely proportional to

the bubble size. It was" foug at fsma bbles. were more detrimental to the cell
suspended. The specifi i : ole (ki volume per unit volume of
bubble) was found to have ic interfacial area of a bubble
Based on the experimental rg ng bubbles at the liquid surface
it was concluded that the killing v@ﬂ@ﬁ-af in the liquid layer surrounding the
bubbles before their rupture and_;nw eath the bubble cavity. Cell damage
in the bubble film cap ¥ v insi to that in the liquid layer

mm).
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released was in proportion to the of yeast cell disruption rate. It was also found that critical

point of cell disruption could be obtained at rotor speed of 2500 rpm.

Heim and Solecki (1999) proposed a novel bead mill with a multi-disk impeller for the
disintegration of yeast, baker's Saccharomyces cereviseae. In their investigation operating

variables were the concentration of yeast suspension (0.05-0.20 g dry mas‘s/mL), disk-to-



disk distance (5-40 mm) and rotational speed of the impeller (1000-3500 rpm). With the
batch operation, the yeast cell disruption rate followed the first order rate law. They also
reported that the dominant destruction mechanisms were due to the interaction of bead

element and the neighbouring microorganisms.

Camacho et al (2000) studied the effects of mechanical and hydrodynamic forces
acting on cells of microalga Porphyridium cruentum, aerated in stirred vessels. They report

that shear stress could lead to associa ‘ e of microalgal cells in stirred vessel.

Additional mechanisms of cell dam WE d by: (i) the agitation rate at a low

constant aeration rate; (ii) thesairfle ﬁ-of mechanical agitation; (iii) the

culture height at constant aerati - SPe ate of cell death varied linearly with

the predominant cause e asts; t high gitation intensities, cell damage

was caused predominantl ynamic ‘stress in bulk turbulent flow.
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Suksamai et al ivestigated “thel disruption of baker's yeast cells

phase and solid phase, ec! ' arameters were impeller speed, the

e column, superficia_l gas velocity, superficial liquid velocity and

bead size. Their ﬂeng]%tﬁ ﬁvﬂ %':?\1 'ﬂﬁﬂ ? superficial gas velocity

between 10 to 40 ogy/ to a decrease in rate of yeast cell disruption. The circulation of
=9

yeast suqun’w ﬁrﬁc‘itn : Tﬁoﬁtwri ?at 1 iﬁrﬂded insignificant

effect on theqyeast ce hey also reported the optimal condition the yeast

presence of draft tube in

cell disruption of 90 percent could be achieved.

Camacho et al (2001) examined the effect of direct air sparging on damage of
Phaeodactylum tricornutum microalgal cultures in bubble columns and air lift
photobioreactors. Superficial air velocities and types of spargers were varied in their study.

The experiments showed that small bubbles brusting at the surface of the culture were



apparently the main cause of cell damage in batch cultures using laboratory-scale bubble
columns. Supplementation of the microalgal culture medium with carboxymethyl cellulose at
concentrations of 0.02% or greater could help protect the damages of algal cells due to

hydrodynamic stress.
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