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Vinegar Making

(I) Improvement of Surface Fermentation by Continuous Methods
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Laboratory of Food Chemistry, Faculty of Bioresources, Mie University
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Abstract

Surface fermentation by Acelobacter pasteurianus, the traditional batch system of vinegar making in
Japan, produces vinegar with better flavor but less in productivity than sumberged fermentation. For
enhancing the productivity in surface fermentation, continuous fermentation system was conducted by
changing initial acidity and alcohol concentrations, and depth of fermentation broth. The highest pro-
ductivity was achieved with the depth of broth of 10 cm, initial acidity 2% to 3%, and initial alcohol con-

centrations 2.5% to 3.5%.

Continuous surface fermentation under the optimum conditions was con-

ducted for 80 days, and it showed almost 4.5% of the final acidity with 2 time higher productivity than
that of the traditional batch fermentation system. The flavor of the vinegar produced by this method
was better than those produced by both batch surface and submerged fermentations.
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i 28~31°C, W38 ~50% iz hu— ) L7, #E
4m, # 6m, ¥ & 3m DIFEEICT, #E 100 cm, % 100
cm, EEE 20em, EE 10mm O B0 KIS
MixHv, ES 10mm OBCERREES LTHERL
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Table 1. Composition of broth for vinegar production

acetic acid 1~5% (W/V)

ethanol 1~5% (V/V)
sake less*! extract 3.01% (V/V)
glucose 0.157% (W/V)

#1 Sake less extract was prepared from 30% of sake
lees stored for 1~2 years
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Fig. 1 Time course of acidity at a given depth of broth
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Fig.2 Acid production by A. pasteurianus at a given

concentration of broth
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Table 2. Effecft of vinegar productivity on broth depth in batch surface fermentation

Depth of broth (cm)

20 10 5 3 2
Productivity (%/hr) 0.015 0.03 0.043 0. 051 0.087
Acid production rate 30 30 21.5 15.3 17.4
{g/m*/hr)

Temp. of broth*! (°C) 32 32 31 30 29

31 31 30 29 28
Surface area (m?) 0.16 0.16 0.16 0.16 0.16
Working volume (€) 32 16 8 4.8 3.2
S/V (m*/m®) 5 10 20 33.3 50

*1 Shows upper as maximum, lower as minimum.
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Table 3. Effect of vinegar productivity on initial acidity in batch surface fermentation

Initial acidity (%)

0 1 2 3 4 5
TAL* (%) 1.12 2.38 3.22 4.08 5.40 6.26
TA2¥ (%) 2.48 3.08 3.86 4.63 5.76 6.41
Productivity*® (%/24 hr) 1.36 0.70 0.64 0.55 0.34 0.4
Working volume (£) 16 16 16 16 16 16
Surface area {m?) 0.16 016 0.16 0.16 0.16 0.16
Depth (cm) 10 10 10 10 10 10
S/V (m%/m® 10 10 10 10 10 10

#1 TAL: Acidity at 91 hrs
*2 TA2: Acidity at 115 hrs
#3 Productivity: (TA1—TA2)/24 hrs at logarithmic growth phase
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Table 4. Effect of vinegar productivity on initial alcohol concenttation in
batch surface fermentation

Initial alcohol concentration (%6)

1 2 3 4 5
Productivity (%/24 hr) 0.72 0.97 0.69 0.70 0.48
Working volume (¢ ) 16 16 16 16 16
Surface area {m? 0.16 0.16 0.16 0.16 0.16
Depth (cm) 10 10 10 10 10
Initial acidity (%) 1.0 1.0 1.0 1.0 1.0
Total concentration (%) 2.0 3.0 4.0 5.0 6.0
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Fig. 4 Continuous surface fermentation for the production of acetic acid with a single vessel (Final acidity: 4. 5%)
@: Acidity, O: Alcohol concentration, * Feed rate, £: Acid production rate
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Table 5. Result of continuous surface fermentation

Surface area m? 1
Working volume m? 0.1
S/v m?/m® 10
Flow rate ¢ /hr 0.9627
Acidity of feed solution % 0.25
Alcohol conc. of feed solution % 4.82
Total conc. of feed solution % 5.07
Ave. acidity of broth % 4,54
Ave. alcohol cone. of broth % 0.34
Acid production rate g/m?/hr 41.3
Productivity 9%/day 0.99

LAY, FEEE L DMLY, Th
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5. BEES.5%5 0 ERRERE
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Fig.5 Continuous surface fermentation for the produc-
tion of acetic acid with a single vessel (Final acid-
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Table 6. Sensory evalution test of vinegar flavour

I(\)qu pr;;?g Vinegar 1! Vinegar 2**  Vinegar 3+°
20 11 9 -
20 13 7 -
2 10 9 6

*! Vinegar 1: continuous surface fermentation
#2 Vinegar 2: batch surface fermentation
#3 Vinegar 3: submerged fermentation
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