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A preliminary study on fermentation of acetic acid by S. cerevisiae and A.

acetigenum was carried out to obtain information to develop the effective utilization

technology of agricultural liquid wastes. Aqueous solutions of glucose a n d / ' o r

ethanol were used as a model of agricultural liquid waste. The effect of gamma-ray

irradiation on A. acetigenum for enhancement of the fermentation was also examined.

In this study, irradiated A. acetigenum had activity to produce acetic acid even

after loss the activity to grow.
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1. Introduction

The fermentation of acetic acid from alcoholic liquid wi th

bacteria has been known from ancient time as long as the production

of wine. Even now the acetic acid bacteria is st i l l using for

commercial production. The acetic acid bacteria is classified into

two genera, Quconobacter and Acetobactor. The f irst group oxidize

ethanol to acetic acid. The another group is able to oxidize ethanol to

acetic acid, and furthermore oxidize acetic acid to CO2 and H2O.

Therefore, Acetobactor sp. is called peroxidizer. Acetobactor sp.

shows the characteristics of gram-negative, acid tolerant, and

peritrichously flagellated (or non motile), The microorganisms used

for commercial acetic acid fermentation are Acetobactor

acetigenum, A. pasteurianus, or A. peroxidans.

For the growth of Acetobactor sp. both acetic acid and ethanol

are required. The ethanol concentration of below 0.2 vol.%gives an

increase of death rate. On the other hand, too much supply of ethanol

is crit ical for the bacteria, and the maximal concentration is 5 vol.%

in conventional processes [1].

Recently, many trials have been developed for util ization of

agricultural liquid wastes as the substrate of fermentation process,

such as production of acetic acid from pineapple waste j uice [2]. In

the process of pineapple waste juice fermentation, yeast and

Acetobactor sp. are used for alcohol and/or acetic acid fermentation.

On the other hand irradiation may give some influence to the

microbe so that there is a possibility to increase the yield of i ts

fermentation products. Irradiation could provide positive influence

- 1 -
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if a correct dose is used. Irradiated yeast with a low dose (0.1 kGy)

could stimulate microbes to increase its fermentation results [3].

Some efforts have been carried out by irradiated microorganisms to

stimulate its enzymes activity [4] and alcohol production [5]. It was

shown that irradiated Lact obaci 11 us pi ant arum could increase acid

production. The highest acid content was obtained at an irradiation

dose of 0.5 kGy [6]. It was also reported that irradiated fungi showed

a decrease of the colony formation, but enzyme fermentation

activities were increased.

In this study, we examined the optimum fermentation condition

and effect of gamma-irradiation on A. acetigenum for enhancement

of acetic acid fermentation from model liquids of agricultural

wastes.

2. Materials and Methods

2.1 Preparation of seed microorganisms

Saccharomyces cerevisiae was used for the production of alcohol

from glucose. S. cerevisiae was inoculated on Potato-Dextrose (PD)

agar slant medium and incubated for 48 hr. at 30°C. Ten ml of

steril ized water was added to the incubated S. cerevisiae on the

slant agar, mixed and used as seed suspension.

Acetobactor acetigenum was used for the production of acetic

acid from ethanol. A. acetigenum was inoculated on Glucose-

Peptone-Yeast extract (GPY) agar slant medium and incubated for 72

hr. at 30°C. The GPY agar medium was consisted of 3 wt.% of glucose,

0.3 wt.%of peptone, 0.5 wt.%of yeast extract and 2.0 wt.%of agar.

- 2 -
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The f i r s t culture of A. acetigenum from slant agar was inoculated

into GPY broth and incubated 72 hr. in the rotary shaker (100 rpm) at

30°Cas second culture to increase total number of bacteria. The

cel ls were harvested by centri fugation at 10,000 rpm for 10 min.,

then washed three t imes w i t h ster i l ized d is t i l led water, suspended

into 70 ml of ster i l ized d is t i l led water, and used as seed suspension.

2.2 Gamma-ray i r radiat ion of A. acetigenum

A. acetigenum suspension (70 ml) was irradiated with Cobalt-60

gamma-ray at dose rate of 0.6 kGy/hr with and without aeration.

2.3 Fermentation

The model medium of 100 ml in flasks w i t h porous si l icon cap

were used for the double stage and simultaneous fermentation w i t h

S. cerevisiae and A. acetigenum. The medium contained 5 wt.% of

glucose, 0.3 wt.% of peptone and 0.5 wt.% of yeast extract.

The model medium used for the fermentation of acetic acid from

ethanol w i t h A. acetigenum contained 0.3 wt.%of peptone, 0.5 wt.%

of yeast extract, and 5 vol.% of ethanol. The concentration of glucose

was changed from 0 to 3%.

The fermentation was done at 30°Cin the rotary shaker (0 or 100

rpm).

2.4 Enumeration of microorganisms

Four ml of the fermented liquids were sucked from the flask wi th

s ter i l i zed syringe, put into a ster i l ized small bott les. After serial

ten- fo ld di lut ion, 0.1 ml of the samples were spread on GPY agar
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plates and incubated at 30°C for 3 days, then colonies of A.

acetigenum and S. cerevisiae were counted.

2.5 Analysis of components in fermented liquid

Concentrations of acetic acid, glucose and ethanol in the

fermented medium were measured using High Performance Liquid

Chromatography {HPLC). The condition of HPLC was as follows;

column: Shodex SUGAR SH1821, (j) 8 x 300 mm, pre-column: Shodex

SUGARSH1011P, (j) 6 x 50 mm, mobile phase: 0.001 N sulfuric acid,

column temperature: 30°C, flow rate: 1.0 ml/min, chromatograph:

IRICA Auto-sampler 01, detector: JASCO 830-RI Intelligent Rl,

attenuation: 1.6x10'5 RIU, recorder: SIC Chromatocoder 12. Sample

liquid was filtered to remove the cells by Millipore Molcut UFP1 LGC,

and 0.5 ml of f i l t ra te was mixed with same volume of 4% propionic

acid as an internal standard. The concentration of glucose, ethanol

and acetic acid in samples were calculated from the ratio of the

peaks to that of propionic acid.

- 4 -
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3. Results and Discussion

3.1 Double stage fermentation by S. cerevisiae and A.

acetigenum

Table 1 shows the retention times and peak area ratios obtained

from chromatograms of standard liquid containing

1 vol.% of ethanol, acetic acid, propiontc acid and 1 wt.% of glucose.

Table 1 Retention times and peak area ratios

of standard substances

Peak No. Component Retention time Peak area ratio
(min)

1
2
3

4

Glucose
Acetic acid

Propionic acid
Ethanol

8.8
11.6
13.1
14.3

0.86
0.38
1.00
0.25

Figure 1 shows an example of chromatogram of the fermented

substrate containing 1 wt.% of glucose after 6 days incubation by A

acetigenum. The init ial count of the bacteria was 1.6X107 cf u/ml.

Four large peaks were observed in the chromatogram and identified

to be glucose (1), acetic acid (2), propionic acid (3) and ethanol (4)

from the retention times. Few unidentified small peaks with short

retention time were also observed.

Figure 2 shows the amount of components and bacterial count

during double-stage fermentation by S. cerevisiae and A. acetigenum

without shaking. The f i rst stage was fermented by S. cerevisiae and
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Fig. 1 HPLC chromatogram of fermented products by A. acetigenum
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0

Fig. 2 The amount of component and bacterial count during
doubie-stage fiermentation without shaking incubation
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the second stage was started from 8th day by addition of/A.

acetigenum. Initial counts of S. cerevisiae and A. acetigenum were

adjusted to be 4.5X105 and 1.0X107 cfu/ml, respectively. It was

diff icult to count the population of S. cerevisiae during the

fermentation, because the yeast precipitated rapidly and could not

get homogeneous suspension in the fermented liquid without shaking.

At the f i rst stage, concentration of glucose was decreased to zero

after 2 days fermentation. While the ethanol concentration was

increased from zero to 2.8% during 2 days fermentation, and attained

to 3.0%after 8 days incubation. Glucose was completely converted

to ethanol within 2 days fermentation by S. cef&visiae. At the second

stage fermentation, ethanol was consumed and changed into acetic

acid by A. acetigenurri. The concentration of acetic acid did not

increase 2 days incubation after the second stage fermentation, but

increased to 1.4% at 6th day. The bacterial count of A. acetigenum

increased from zero to 1.3X108 cfu/ml after 2 days incubation, while

decreased to 8.0X1 06 cfu/ml after 6 days.

It is known theoretically that 1 mol (180 g) of glucose is

converted to 2 mol (92 g) of ethanol and 2 mol (88 g) of carbon

dioxide by fermentation (formula (1)).

C6H12O6 - 2C2H5OH + 2CO2 (1)

Since 5 g of glucose was dissolved into 100 ml of the liquid in this

study, produced amount of ethanol by fermentation should be 2.6 g (it

means 3.3 vol.% in the liquid). From the result, maximum

concentration of ethanol was obtained as 3.1%. Therefore, the

efficiency of conversion in this fermentation was calculated as 94%,

and this result was very reasonable.

n
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Production of acetic acid from ethanol by fermentation was

shown in formula (2). One mol (60 g) of acetic acid and 1 mol (18 g)

of water should be produced from 1 mol (46 g) of ethanol and 1 mol

(32 g) of oxygen .

C2H5OH + O2 - CH3COOH + H2O (2)

The reduction of ethanol concentration after the second stage

fermentation was 1.6%. It was equal to 1.3 g in 100 ml of liquid. So,

t he cal cul at ed val ue of acet i c acid was 1.7 g, and t hi s w as equal 10

1.6%. The concentration of acetic acid was 1.5%and the conversion

rate was calculated to be 94%. This result was also reasonable. In

the case of shaking incubation, production of ethanol and acetic acid

was smaller than no shaking incubation.

3.2 Simultaneous fermentation of glucose by

S. cerevisiae and A. acetigenum

Figure 3 shows the amount of components and the cell number of

A. acetigenum during the simultaneous fermentation by S. cerevisiae

and A. acetigenum without shaking. The initial counts of S.

cerevisiae and A. acetigenum were 2.9X105 and 3.0X106,

respectively. The glucose concentration was decreased from 5.5% to

3.3% after 2 days incubation and kept same value until 6 days period.

The ethanol concentration was increased up to 0.5 % after 2 days

fermentation and then decreased to undetectable level after 4 days.

Acetic acid was able to detect after 4 days and 0.9% of acetic acid

was obtained by the fermentation. The cells number of A. acetigenum

increased to 2.9X107 cfu/ml after 2 days and decreased to 2.5X106

cfu/ml after 6 days incubation. Ethanol produced by S. cerevisiae
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Ethanol

Acetic acid -.
A

0 2 4
Day

Fig. 3 The amount of component and bacterial
counts during simultaneous fermentation

8

Fig. 4 Production of acetic acid with and without shaking incubation
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was converted to acetic acid by A. acetigenum. The acetic acid

production from glucose by mixture of S. cerevisrae and A.

acetigenum (Simultaneous fermentation) was smaller than that of

the double stage fermentation because of decrease of pH during the

fermentation. According to the formula (2), 0.5% of ethanol is

converted 0.65%of acetic acid. However, the amount of acetic acid

in this result was 1.4 times of the theoretical value. This may be

from experimental error.

3.3 Fermentation of ethanol by A. acetigenum

The effect of acetic acid production by A. acetigenum was

examined. Forthis purpose, the liquid containing 5 %of ethanol was

used.

Fig. 4 shows the production of acetic acid with and without

shaking. With shaking, the concentration of acetic acid did not

increase so much after 2 days but the marked increase of the

concentration was observed after 4 days incubation. However,

almost the same result was obtained on acetic acid production and

growth of the bacteria in both cases with and without shaking. Fig. 5

and 6 show effect of initial count of A. acetigenum and addition of

glucose on the increase of bacterial counts and production of acetic

acid. Initial counts of the bacteria were adjusted by dilution of the

original bacterial suspension with sterilized water and the values

were ranged from 102 to 1 07 cfu/ml. In the case of low initial

bacterial counts (Fig. 5), the bacterial counts increased very rapidly,

especially wi th addition of glucose and was saturated after 4 days

incubation. The production of acetic acid was observed clearly after

- 1 0 -
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0 2 4 6
Day

Fig. 5 Acetic acid production with low initial bacterial count

8

Fig. 6 Acetic acid production with high initial bacterial count
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2 days with glucose and 4 days without glucose. In the case of high

init ial counts (Fig. 6), production of acetic acid was observed clearly

just after starting of incubation when incubated with glucose.

3.4 Effect of gamma-ray irradiation on A. acetigenum

Surviving curves of A. acetigenum irradiated by gamma-ray with

an without air bubbling are shown in Fig.7. The bacterial counts

decreased with increasing dose and the D10 value (the necessary dose

for one log cycle decrease) was obtained as 0.11 kGy for air bubbling

and 0.54 kGy for without bubbling.

3.5 Growth of bacteria during fermentation

The growth of irradiated bacteria at 0.4 and 0.6 kGy and unirradiated

bacteria during the fermentation with and without glucose are

shown in Fig. 8. In the case of unirradiated bacteria, initial bacterial

counts were adjusted by dilution of the original bacterial suspension

with sterilized water. The diluted bacteria started to grow

immediately after starting the incubation. On the other hand, the

irradiated bacteria could not grow even after 2 days incubation and

became the same counts as the growth of unirradiated bacteria after

4 days for 0.4 kGy and 6 days for 0.6 kGy respectively.

3.6 Fermentation of ethanol by irradiated A. acetigenum

Fig. 9 shows the relation between initial bacterial counts and

acetic acid concentration and bacterial counts after 2 days

i ncubat i on. The di I ut ed bact eri a coul d not produce acet i c aci d w hen

the bacterial count was less than 106 cfu/ml. On the other hand, the

- 1 2 -
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Irradiation dose (kGy)

Fig. 7 Surviving curves of A. acetigenum by gamma-ray
irradiation with and without air bubbling

6

Fig. 8 Growth of A. acetigenum during ethanol
fermentation with glucose
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Fig. 9 Production of acetic acid and cells number of
A. acetigenum after 2 days fermentation with glucose

irradiated bacteria produced acetic acid even the bacterial count

was less than 105 cfu/ml (0.3 kGy). In this study, survived bacteria

were counted from the number of colonies formation on agar plates

after incubation for 3 day at 30°C. So, the bacteria can not count if

they lose the ability to grow. But, it is known that even the bacteria

lost the ability to grow, some part of the bacteria st i l l surviving and

often have the activity of fermentation. In this case, the bacterial

count before irradiation was 108 cfu/ml and high enough to produce

acetic acid even after lose the activity to grow when the irradiation

dose was less than 0.3 kGy.
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4. Conclusion

1) The acetic acid was produce from ethanol ef fect ively without

shake in double stage fermentation by S. cerevisiae and A.

acetigenum. But no production of acetic acid was observed w i t h

shaking.

2) Bacterial counts of A. acetigenum suspended in dist i l led water

decreased exponentially w i t h increasing dose and D10 values were

0.11 kGy and 0.54 kGy wi th air bubbling and without air bubbling.

3) The irradiated bacteria was possible to produce larger amount of

acetic acid compared wi th unirrdiated bacteria at the same in i t ia l

counts.
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