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Development of Continuous Culture Process for Economic Production of Hyaluronic Acid (HA) Biosynthesized by Streptococcus
zooepidemicus

Soo Yeon Kim and Gie-Taek Chun*

College of Biomedical Science, Kangwon National University, Chuncheon 24341, Republic of Korea

A continuous fermentation process was carried out to enhance hyaluronic acid (HA) production using
Streptococcus zooepidemicus cells. During the 1% stage continuous operation from 8 h with a dilution rate
of 0.029/h (D1), HA was produced in the range of 7.5-10 g/l. During the 2" stage from 44 h with a dilution
rate of 0.036/h (D2), HA production (8.28 g/l) was initially reduced to a small extent due to increase of dilu-
tion rate from D1 to D2, and then a new pseudo-steady state was formed within a few hours with a concur-
rent small variations of HA production. The HA amount produced during the latter part of the 2" stage
was stably maintained in the range of 8.28-9.48 g/l, about 4.7% less amount compared to the 15 stage. Due to
24% increase of dilution rate from D1 to D2, however, maximum volumetric productivity (DP) amounting to
0.341 g/l/h was obtained at 96 h during the 2" stage. This maximum productivity obtained from the contin-
uous culture turned out only a small increase (3%) as compared to the corresponding batch fermentation.
However, it should be noted that, in the case of batch process, one run typically consists of serial stages of
growth culture plus one final production culture. This implies that, if the continuous fermentation that
practically needs no dead time necessary for the multi-stage growth cultures is run for longer period, the
total amount of the accumulated HA would be far greater than the amount obtained from the correspond-
ing batch culture performed for the identical period.
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Fig. 1. Time-course profiles of the concentrations of hyaluronic acid (HA) measured by dry weight and Carbazole method, lactic
acid, acetic acid and glucose in the batch culture of S. zooepidemicus performed with a modified production medium (MPM)

in a 5 L bioreactor.
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Fig. 2. Time-course profiles of fermentation parameters in the continuous culture of S. zooepidemicus performed with a mod-
ified production medium (MPM) in a 5 L bioreactor. Batch operation was carried out just prior to the start of the 1% stage continuous
culture at 8 h with a dilution rate of 0.029/h (D1), and then followed by the 2" stage continuous culture at 48 h with a dilution rate of
0.036/h (D2) until the end of the fermentation (96 h): (A) Agitation speed (rpm), pH and temperature, (B) The concentrations of
glucose, hyaluronic acid(HA), lactic acid(LA) and dissolved oxygen(DO), (C) The volumetric productivity of HA (DP) (D: dilution rate, 1/
h; P: HA concentration, g/l) and HA production yield based on glucose (Yys).
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Table 1. Comparison of the major fermentation parameters among the batch and continuous bioreactor cultures performed
by our research group, and other continuous cultures carried out by other groups such as Reference 15, 16, 17 and 18, respec-

tively.

Fermentation Residual . HA production Volumetric HA
I Maximum HA . R
parameters Dilution glucose . yield based on production rate
. production Remarks
rate (1/h) concentration P)a/) glucose (Ypys) (DP)
Bioreactor operation (S)(g/1) 9 (9/9) (g/1/h)
*Batch culture 8.89 7.05 0.227 0.331 *Modified production
medium (MPM) used
**Continuous culture  0.029 (D1) 1.66 10.00 0.128 0.29 2X MPM supplied
0.036 (D2) 524 9.48 0.127 0.341 12X MPM supplied
Other continuous cultures 0.02 N.A 0.117 Reference #16
0.07 25 0.175 Reference #17
0.10 0.145 0.015 Reference #18
0.40 0.66 + 0.04 0.264 Reference #15

*The parameters of the batch bioreactor culture were calculated based on the data until 21.3 h of fermentation.
**Batch operation was carried out just prior to the start of the 1% stage continuous culture at 8 h with a dilution rate of 0.029/h (D1),
and then followed by the 2" stage continuous culture at 48 h with a dilution rate of 0.036/h (D2) until the end of the fermentation

(96 h).

*The modified production medium (MPM) consists of the same composition as the previously used production medium (PM)
except glucose concentration, which is 40 g/l instead of 30 g/I of the PM. During the continuous operation, 2 times concentrated

(2X) MPM was supplied during the whole fermentation period.
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