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Citric Acid Production by Saccharomycopsis lipolytica in Air-lift and
Membrane Recycle Bioreactors
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A study on the citric acid production using Saccharomycopsis lipolytica (NRRL Y7576) was
carried out in shake-flasks, air-lift and membrane recycle bioreactors. The cells entrapped in Ca-
alginate beads were used in shake-flasks and air-lift reactor. Repeated batch fermentation in shake-
flasks was successfully performed for 34 days and resulted in a yield of 54%. Increased yield (63%)
was obtained in the air-lift reactor operation using nitrogen deficient medium (NDM). In the mem-
brane recycle bioreactor operation, the maximal dry cell mass concentration was 39 g/{ at a dilution
rate of 0.02 h-! and the yield with NDM was higher than that with growth medium. In addition,
the yield and volumetric productivity with pure oxygen supply were greatly improved compared with
those with air supply.
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Table 1. Media composition.

Components Growth Production*
Glucose 40g 100g

Yeast extract 20g -

KH,PO, 0.5g 0.5g
MgS0,-TH,0 0.25g 0.25g
Thiamine-HCl 100g

CaCO4 10g

Distilled water 1 1

*production medium =nitrogen deficient medium
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Fig. 1. Experimental set-up of air-lift reactor system.
(1. bubble column, 2. water jacket, 3. sample bottle,
4. humidifier, 5. air filter, 6. rotameter, 7. condenser,
8. water circulator).
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Fig. 2. Experimental set-up of membrane recycle
bioreactor system.

(1. fermentor, 2. hollow fiber membrane filter, 3. pH
controller, 4. 2N NaOH, 5. 2 N HCI, 6. condenser, 7.

medium bottle)
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Fig. 3. Citric acid production by repeated batch

fermentation in a shake-flask.
(DO, citric acid; +, glucose)
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Fig. 4. Citric acid production in an air-lift reactor.
(0, citric acid; +, isocitric acid; <, glucose)
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Fig. 5. Citric acid production in membrane recycle

bioreactor with air supply (A: batch, B: continuous).
(O, citric acid; o, glucose; +, cell mass)
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Fig. 6. Citric acid production in a membrane recycle
bioreactor with pure oxygen supply (A: batch, B,C:
continuous).

(O, citric acid; ©, glucose; +, cell mass)
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Table 2. Comparison of various reactor operation
results.

Fermentation Final citric Volumetric

Bioreactor  or residence  acid conec. (%) productivity
time(h) (g/l) (g/l-h)

Shake-flask
(NDM) 238 41 53.9 0.14
Air-lift
(air, NDM) 252 48 63.1 0.19
HFMRBR
(air, NIM)* 50 45.2 23.2 0.90
HFMRBR
(05, NIM)* 50 57.5 38.4 1.15
HFMRBR
(05, NDM)* 50 61.7 69.3 1.23

HFMRBR =hollow fiber membrane recycle bioreactor
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