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ABSTRACT

Application of the Rheocatch Hotwire Monitoring System for food biotechnology process was
evaluated, The growth of microogranism, E. coli (JM 83 and Sigma) and Corynebacterium glut-
amicum, were monitored. in the fermentor. The cell growth could not be detected the tempera-
ture differences between the hotwire and samples(AT) as indicated by the monitoring system
during the fermentation processes. The cell concentration of less than 2g/dl was not sufficient
to generate the measurable temperature difference in the fermentor,

In order to calibrate the Rheocatch Monitoring System, the temperature difference as a fun-
ction of solute concentration (microbial cells, sodium cholide, sucrose and dextran) was studied,
The relationship between AT and the concentration of microbial cells, sucrose and dextran can
be expressed in a power series. Further studied with dextran indicated that viscosity and / or
kinematic viscosity increase exponentially with an increase in AT This is regardless of the con-
centration and molecular weight of dextran, AT linearly increases with the logarithm of molec-
ular weight, while the logarithm of viscosity and the logarithm of kinematic viscosity increase
with the logarithm of molecular weight,

NTRODUCTION

Online monitoring systems are the instruments probably
in greatest demand for process and quality control in food
biotechnology. The objective of this study is to evaluate
the Rheocatch Hotwire Monitoring system for applications

in biotechnology processes:  specifically, monitoring the

growth of cells and vield of biological products during
fermentation in the bioreactor. For initial evaluation, AT,
at constant applied current density, was used to monitor
the growth of E. coli and Corynebacterium glutamicum
fermentation in the fermentor. In addition, experiments
necessary to evaluate the relationship between AT(the

temperature difference between the hotwire and the sam-
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ples) and the type and concentradion of biological products
were carried out. These experiments also gave us prelim-
inary indications of the sensitivity of the Hotwire system
under various solutions and processing conditions, This
report presents the change in AT, at a constant applied
current density, as a function of concentration of microbial
cells, sodium chloride, sucrose and dextran in the absence

of convective heat transfer,

MATERIALS AND METHODS

Fermentation Monitor

In the MBR Bio Reactor (Biotech System, Woodbury,
N. Y.), the fermention of 1) E. coli (JM83) containing
the pUCB plasmid pS18 in 11 liters of LB medium at
30C, pH 7 and 1000 rpm was monitored with 0.2 amp
applied current density, 2) E. coli (Sigma, St. Louis, MO)
in 11 liters of medium (containing 168 trypton, 108
yeast extract and 58 NaCl per liter) at 37°C, pH7 and
1000 tpm was monitored with 0.3 amp applied current
density, and 3) Corynebacterium glutamicum in 11 liters
of minimal MCGC medium (containing 108 glucose, 1
g citrate, 6 8 Na,HPO,, 38 KHHPO, 18 NaCl, 48
NH,SO, and trace elements per liter) at 30C, pH7 and
1000 tpm was monitored with 0.3 amp applied current
density with the Rheocatch Hotwire Monitoring System
(Snowbrand Milk Products Co., Ltd., Saitama, Japan).
The concentration of the cell in the fermentor was dete-
rmined by spectroscopy every hour, Solutions of E. coli
(Sigma) were collected every hour to measure AT at 3
7°C with 0.3 amp applied current density and in the

absence of convective heat transfer.

Effect of Microbial Cell Concentration

Dry E. coli (Sigma, St. Louis, MO)was washed in
deionized water and centrifuged at 10008 for 1 hour.
The procedure was repeated three times. The dry cell
content was determined by drying 1 ml of concentrated
cell solution in an oven at 90T untl the weight was
constant, The rest of the concentrated cell solution was
suspended in the medium (containing 168 trypton, 108
veast extract and 58 NaCl per liter )to obtain various cell
concentrations,

Concentrated E. coli (JM83), 232% dry cell weight

was also obtained from the fermentation in the LB medium
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(containing 108 trypton, 5§ yeast extract and 108 NaCl
per liter). The final dry cell concentration in the fermentor
was determined by spectroscopy to be 0.88 dry cell per
liter. The cells were re-suspended in the medium to obrain
various cell concentrations, Then, AT of various cell
concentrations was measured by the Rheocatch Hotwire
Monitoring System at 25C, with 0.3 amp applied current

density and in the absence of convective heat transfer.

Effect of Salt and Sucrose Concentration

The AT of different solute concentrations, (0.003M to
1 M NaCl(Sigma, St. Louis, MO)in deionized water and
0.18 /dl to 178 /dl sucrose (Amstar Sugar Corp., New
York, N. Y) in deionized water, was measured by the
Rheocatch Hotwire Monitoring System at 25C, with a
0.3 amp applied current density and in the absence of

convective heat transfer,

Effect of Concentration and Molecular Weight
of Polymer

The AT of different concentations of dextran{Sigma,
St. Louis, MO) of molecular weight 2,000,000, ranging
from 01& /dl to 58 /dl in 0.2M NaCl, was measured
by the Rheocatch Hotwire Monitoring System at 25T,
with a (.3 amp applied current density and in the absence
of convective heat transfer, The AT of dextrans of various
molecular weights (9,000, 35,600, 73,400, 48,000 and 2
,000,000) was measured by the Rheocatch Hotwire Mon-
itoring System at 25C, with 0.2, 0.3 and 0.4 amp applied
current density and in the absence of convective heat
transfer.  The viscosity of dextran solutions was determined
using shear rate ranging from 1 to 300 sec™ with the
Bohlin Rheometer System{Bohlin AB, Lund, Sweden) at
25°C. The density of the dextran solutions was determined
with a pycnometer using toluene as the standard. The
kinematic viscosity of the dextran solutions was calculated
from the ratio of the lower Newtonian viscosity and the
densit, Then, the relationship between AT and the viscosity
of the lower Newtonian region or kinematic viscosity was

evaluated,

RESULTS AND DISCUSSION

Fermentation Monitoring
The growth of microorganisms, E. coli{J]M 83 and
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Sigma) and  Corvaebacterivm  glitamicum, reached  was
the concentration less than 28 / 1 in the fermentor, This
concentration of cells is not high enough to be detecred
by the change in AT (Figures 1, 2 and 3). Furthermore,
the mixing and other conditions which are not well defined
in the fermentor made it more difficult to obtain AT
consistent and significant &1 from which the difference
could be measured. Tor an example, the mixing in the
fermentor, convective heat transfer akes placc and AT
decreases 04C as rpm increases from ) to 1000 at 0.3
amp applied current density due to the increase in heat
transter (Figure 2). Such a decrease will counter act the
increase, it any, of AT due to the increase in the conce

ntration of the cells,
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Fig. 1. The growth of E. coli{JM 83) as meas-

ured by AT (Current Density=0.2 amp,
Mixing Speed=1000rpm).
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Fig. 2. The growth of E. coli (Sigma) as
measured by AT(Current Density=0.
3 amp).
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Fig. 3. The growth of Corynebacterium glutami-
cum as measured by AT (Current
Density=0.3 amp, Mixing Speed=1000
rpm).

Effect of Microbial Cell Concentration
The increase in microbial cell concentration results in
an increase in AT (Figures 4 and 5). The relationship
between AT and microbial cell concentration can be exp-
ressed as:
for E. coli(Sigma) at the concentration ranging from
40 to 708 dry cell per liter (Figure 4)
ATe= 11.880(140.00003C+0.00002¢2)=11.880
F0.0004C+0.0002¢7, and
For E. coli{ JM83) at the concentration ranging from
0.8 t0 228 dry cell per liter (Figure 5)
ATe=11832(1+40.004C) =11.832-+0.0473C
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Fig. 4. Concentration of E. coli (Sigma) as
measured by AT (Current Density=
0.3 amp).
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Fig. 5. Concentration of E. coli (JM 83) as
measured by AT (Current Density=
0.3 amp).

where ATc=the temperature difference between the
hotwire and the microbial cell solution of
C concentration{C)
C=concentration ( 8 dry cell /1)

Figure 5 shows that AT of E. coli (JM83) concentr-
ation obtained in the fermentor, 0.8 & dry cell /1, gives
AT not significantly higher than that of the medium. The
actual cell contains 80% water; 0.88 dry cell /1 corres-
ponds to 48 cell/1. E. coli has a spherical shape, of
which the shape factor is 2.5. The viscosity can be esti-
mated from Einstein’s equation(Einstein, 1911) as:

7=75(1+2.5¢)

where  7=the viscosity of microbial cell solution of

C concentration {mPa - s)
ny=the viscosity of medium (mPa - s)
C = microbial cell concentration ( & cell / ml)

The relative viscosity, #/ 7, of 088 dry cell /1 or
48 cell /1 is estimated to be 1.0l. In the fermentation
experiment, the growth of the cells was lower than 28
dry cell/ 1, which gives relative viscosity of the cell
solution lower than 1.03. Therefore, the increase in visc-
osity, lower than 3% from the viscosity of the medium,
may be not high enough to affect an increase in AT, and
especially so when a nember of other variables, such as

mixing, aeration, composition of medium etc, affect O,

Effect of Salt and Sucrose Concentration

A large variation in the value of AT¢ was obtained for

Korean oJ. Biotechnol. Bioeng.

12.14

12.04

AT (C)

T T

00 02 04 06 08 L0 12
M NaCl

Fig. 6. Concentration of NaCl in deionized
water as measured by AT (Current
Density=0.3 amp).
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Fig. 7. Concentration of sucrose in deionized
water as measured by AT (Current
Density=0.3 amp).

NaCl solutions at the low concentration of (.003 to 0.
2 M (Figure 6). The change in AT¢ with concentration
in this range does not always increase with concentration
as expected, since the kinematic viscosity increases and
the thermal conductivity decreases with an increase in
concentration: see Appendice (Bingham and Jackson, 1
917 and Perry, 1950).

For sucrose, AT increases linearly with the concentration
in the concentration ranging from 0.1 to 17 & /dl, and
AT can be expressed as a function of concentration as
Figure 7).
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ATc=11.841(14-0.001C)=11.84140.012C)
where ATc= the temperature difference between the
hotwire and the sucrose solution of C
concentrationC )

C= concentration ( & /dl)

Effect of Concentration and Molecular Weight
of Dextran
The increase in concentration of dextran, at M.W. of

2,000,000 and in the range of 0.1 to 58 /dl in 0.2 M
NaCl, cause an increase in AT in the same way as micr-
obial cells and sucrose(Figure 8) and the expression is
ATc= 11.838(1+0.013C)=11.838+0.149C
where ATc=the temperature difference between the hotwire
and the dextran solution of C concentration
()
C=concentration( & / dl)
The increase in AT with molecular weight of dextran,
58& /dlin 0.2M NaCl, can be expressed as (Figure 9):
M=28x10"exp(78.2A0Tn / 5.20)=2.8X 10 exp(15.
(05ATm) for 0.2 amp
M=2.4X10"exp(105.94Ty / 11.81)=2.4 X 10 %exp
(8.97ATw) for 0.3 amp
M=1.2X10"%%exp(106.98Ty / 21.21)=1.2X 10 %exp
(5.04ATwy) for 04 amp
where  ATy=the temperature difference between the hot
wite and the solution of dextran of M

molecular weight(C)
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Fig. 8. Concentration of dextran (M.W. =2,00
0,000) in 0.2 M NaCl as measured by
AT (Current Density = 0.3 amp).
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M=molecular weight of dextran

In the presence of 0.18 /dl dextran (M.W.=2,000,0
00), AT increases 0.04°C from that of the solvent meas-
ured at 0.3 amp applied current density, while both vis-
cosity and kinematic viscosity are the same as the solvent
when measured by the rotational viscometer (Figures 8
and 10). This suggests thar the Hotwire Monitoring
System is more sensitive and can detect a smaller change
in concentration of dextran than the commercial rotational
viscometer consideted acceptable. The concentration affects
the viscosity or kinematic viscosity of dextran solutions

up to 58 /dl as (Figure 10):
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Fig. 9. Increase in viscosity and kinematic
viscosity with concentration of dextran
(M.W.=2,000,000) in 0.2M NaCL
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Fig. 10. Increase in AT with molecular weight
of dextran (5.08 /dl in 0.2M NaCl).
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Fig. 11. Increase in viscosity and kinematic
viscosity with molecular weight of
dextran (5.0g /dl in 0.2 M NaCl).

7c=1+0.64C+0.23C*
Te=1+0.65C+0.22C?
where 7c=viscosity of solution at C concentration
(mPa - s)
nkc=kinematic viscosity of solution at C conce-
ntration{ centistokes )

The power law equation can be used to describe the
increase in viscosity or kinematic viscosity of 58 /dl
dextran in 0.2M NaCl with molecular weight as(Figure
11):

7=0.044M*¥, and
m=0.042M" 7

where 7=viscosity of solution (mPa - s)

fx=xkinematic viscosity of solution {ceatistokes)
M= molecular weight of dextran

Figure 12 shows that viscosity and /or kinematic visc-
osity increase exponentially with an increase in AT. This
relationship holds regardless of the concentation and
molecular weight of dextran and is expressed as:

7=9.35%10""exp(3.12AT), and
n=144X10™" exp(3.09AT)

In the presence of solute, AT increases due to an inc-
rease in viscosity and / ot a decrease in thermal conduc-
tivity of the solution. The result of this study suggests
that the relationship between AT and solute concentration
may be expressed in a power series in the same way as
the relationship between viscosity and concentration (

Philippoff, 1942)as
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Fig. 12. Relationship between AT and viscosity
and kinematic viscosity ofdextran in
0.2M NaCl

AT=A0To(1+aC+BCHH---+)
where ATc=the temperature difference between the
hotwire and the solution of C concentration
{c)
ATo=the temperatute difference between the
hotwite and the solvent ()
C=concentration (8 /dl for sucrose and

dextran solutions, & / I for cell solution)
a B X Jd=constants which may depend on solute,

solvent and the hotwire probe

The constant @ should represent the intrinsic property
of the solute, and the constants 8X, and J should relate
to the solute-solvent interaction and to the solute-solute
interaction,

The relationship between AT and molecular weight of
polymer at the constat concentration may be expressed
as an exponential function as:

M=2a exp(bATy /ATo)
where ATy=the temperature difference berween the horwire
and the solution of dextran of M molecular
weight (T)
ATo=the temperature difference between the hotwire
and the solvent (C)
M=molecular weight of dextran
a and b=constants which may depend on solute,
solvent, the hotwire probe and the applied
current density
The values of “a” and “b/ATy” decrease, but the value

of “b” increases with an increase in the apphed current
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density.
The concentration and molecular weight can be deter
mined from AT using these basic relationships, The rela-
tionship between the constants in these expressions and the
intrinsic properties of solute, such as size, shape and
conformation, nceds to be evaluated for application of the
Hotwire Monitoring System to food biotechnology.
The relationships between viscosity, kinematic viscosity,
and molecular weight of dextran at a constant concentration
are power law relationships as:
nor pe=hMf

where 7=viscosity of solution (mPa - s)
me=kinematic viscosity of solution {centistokes)
M=molecular weight of dextran

hand f=constants dependent on polymer-solvent inter-

action

The relationship between AT and viscosity or kin-
ematic viscosity of polymer is a exponential function as:

7ot =k exp(nAT)
where AT= the temperature difference between the hotwire
and the solution of dextran ()
7=viscosity of solution (mPa - s)
m=kinematic viscosity of solution (centistokes)
kand n=constants which may depend on type of
polymer, solvent, the hotwire probe and the
applied current density (independent of
molecualr weight and concentration for the
same polymer)

Therefore it is possible to determine the viscosity of

dextran solution from the temperature difference between

the hotwire and the solution base on this relationship,

CONCLUSIONS

I. The growth of microorganism, E. cali (JM 83 and
Sigma) and Coryaebacterium glutamicum, cannot be
monitored by the change in AT during the fermentation,
That is mainly because the concentrations of the cells
are too low (less than 28 dry cell / [ ) in these parti-
cular experiment,

2. The relationships between AT and concentration of
microbial cells, sucrose and dextran can be expressed
in a power series as follows:
ATc=11.88040.0004C+0.0002¢¢ for E. coli (Sigma)

art 40—708 dry cell per liter,
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ATc=11.832+0.0473C for E. coli (JM 83) at 0.8—2
28 dry cell per liter,

ATc=11.841+0.012C for sucrose solution in deioniz
ed water up to 178 /dl and

AT¢=11.838+40.149C for dextran (M.W. 2,000,000)
up to 58 /dl in 0.2 M NaCl,

3. For 58 /dl dextran solution in 0.2M NaCl, the rela-
tionship between molecular weight and
AT are

M=28x10"exp(15.05ATy)
M=24X10"%xp(8.974Ty)
M=1.2X10"exp(5.04ATy)

For dextran in 0.2 M NaCl, viscosity or kinematic

for 0.2 amp
for (.3 amp
for 0.4 amp

viscosity increase exponentally with an increase in AT as
follws:

7=9.35X 107" exp(3.12A7), and

=144 X107 exp(3.09AT)
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2 A APPENDICE
2o 1087 s Ba aus e A A4 Kenematic Viscosity and Thermal Conductivity of NaCl
o & vl MIT &8 AES e F&urE I (Brigham and [ackson, 1917 and Perry, 1950)
(1988~1990) %l 43 €22 Wald, Ads) F4 ’

E 33 MIT9 Snow Brand Milk Co. Lid.ol 7ZHAF =gy
o}

® Kinematic Viscosity
B Thermal Conductivity
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