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Effect of agitation on hyaluronic acid produced by
Streptococcus zooepidemicus by using computational fluid
dynamics
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Abstract: Agitation plays an important role in the hyaluronic acid (HA) fermentation process. However, views about the effect of
agitation on HA production remain controversial. We investigated the effect of agitation on cell growth and HA synthesis during HA
fermentation process by using Computational Fluid Dynamics (CFD) technology. The results showed that the biomass and HA yield
changed a little with the increase of impeller speed, but the HA molecular weight firstly increased and then decreased. The results of
phase agitation control strategy demonstrated that the influence of agitation on the HA molecular weight mainly exhibited at the stage
of HA synthesis. Moreover, the CFD simulation results indicated that when impeller speed increased, the mixing time reduced while
the shear rate increased significantly. The removal of anchor could moderate the contradiction between the mixing time and shear rate,
and finally the HA molecular weight increased by 23.9%. The results of this work could provide guidelines for optimizing the HA

fermentation, as well as the bioreactor design and scaling up.
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Fig. 1 Schematic diagram of 5 L stirred reactor with impellers.
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Geometrical parameters of 6-bladed turbine with

Impeller Geometry" (mm)

6-bladed turbine with 45 < pitched blades D=80; H=20; §=2

Anchor D=122; H=80; W=12; 6=3

* D: diameter; H: height; &: thickness; W: width.
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Fig. 2
standard conditions during HA fermentation. 0o: biomass; e: HA
concentration; A: HA molecular weight.
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Table 2 Effect of impeller speed on HA molecular weight

Impeller Speed Biomass HA HA molecular
(r/min) (g DW/L) (g/L) weight (x10° D)

150 2.55+0.01 3.87+0.01  1.69+0.03

450 2.53+0.02  3.84+0.01  2.11+0.05

700 2.58+0.02  3.86+0.03  1.84+0.03

1000 2.73+0.01  3.84+0.02  1.54+0.06
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Table 4 Effect of impeller speed on mixing time at various monitors

Mixing time at different monitor

Impeller speed (r/min) Average mixing time (s)
M1 M2 M3 M4 M35 M6
150 36.9 34.4 16.6 25.1 29.5 31.7 29.0+7.3
450 3.1 2.7 1.8 2.8 2.9 3.7 2.8+0.6
700 1.7 1.4 1.2 1.6 1.6 2.1 1.6+0.3
1000 1.1 1.0 0.9 1.0 1.0 1.3 1.1£0.1
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Table 5 Effect of impeller combination on biomass, HA
yield and molecular weight

Impeller Biomass = HA concentration HA molecular
combination (g DW/L) (g/L) weight (x10° D)
With anchor  2.60+0.05 3.92+0.02 1.59+0.09
mt}}l‘(‘)’r‘“ 2.62+0.07 3.79:0.03 1.97+0.04
, HA
, HA ,
, HA
5 REzEANIBEHYTIERZENIHIER
Fig. 5 Distribution of shear rate in stirred reactor (450 r/min).
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Fig. 7 Axial profiles of maximum shear rate with two different impeller combinations. m: with anchor; A: without anchor.
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Fig. 8 Radical profiles of maximum shear rate with two different impeller combinations. m: with anchor; A: without anchor.
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