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Production of Antimicrobial Substances by Heat

Treatment of Xylose Solution

Nobuyuki Kato and Isao Shibasaki

Department of Fermentation Technology, Faculty of Engineering
Osaka University, Yamada-kami, Suita-shi, Osaka

The production of antimicrobial substance(s) was investigated by heating a
xylose-amino compound mixture in alkaline solution. However it was found that the
presence of amino compounds under these condition were not necessary for the produc-
tion of antimicrobial substance(s). It was also found that the antimicrobial substance(s)
was produced by the reaction with other sugars, such as hexose (e.g., glucose, galactose,
mannose) and pentose (ribose, arabinose). When a relatively low alkaline pH value
was maintained during the heat treatment, high antimicrobial activity was obtained
in the reaction mixture.

The antimicrobial substances in the reaction mixture, obtained by heating the
xylose solution (0.3 M) in 1 M carbonate buffer (pH 10.6) at 120°C for 20 min, were
separated by solvent extraction and liquid chromatography. Four phenolic compounds
were isolated and identified as catechol, 3-methylcatechol, 4-methylcatechol and
methylhydroquinone. Antimicrobial activity by the other non-identified compound(s)
in the reaction mixture was still observed.
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Table 1. Effect of amino compounds on the production of antimicro-

bial substances in xylose solution.

Amino compound

Antibacterial activity*

Glutamate
Glycine

Valine

Lysine
Methylamine
Dimethylamine
Ammonia

Not added

8

S 00 00 oo o

8

Reaction mixture (xylose 0.3 M-amino compound 0.3 M) was heated at
120°C for 20 min in 1M carbonate buffer solution (pH 10.6).
* indicated as maximum dilution for complete inhibition of growth of

Bacillus subtilis.

Maximum dilution was determined under the following conditions:
Nutrient broth (meat extract 0.5, peptone 1.0, NaCl 0.5% (pH 7.0)

medium),137°C, 24 hr,
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Table 2. Antibacterial activities of various sugar solutions (0.3 M) heated at 120°C
for 20min in 1M carbonate buffer solution (pH 10.6).

Optical density

Sugar at 470 nm Antibacterial activity*
p-Xylose 18.5 8
D-Ribose 18.4 8
D-Arabinose 18.7 8
L-Arabinose 18.3 8
D-Glucose 21.8 8
p-Galactose 21.0 8
D-Mannose 21.7 8
D-Fructose 20.3 8

* Maximum dilution against B. subtilis.

Table 3. Effect of pH on the production of antimicrobial substances in 0.3 M xylose

solution heated at 120°C for 20 min.

pH

Antibacterial activity*

Buffer ODyzo
initial final 24 hr 48 hr
1M Carbonate 10.6 9.7 17.3 8 4
M/2 Phosphate 10.6 7.1 13.1 8 2
M/2 Phosphate 9 6.9 9.7 4 2
M/2 Phosphate 7 6.6 6.6 4 <2
M/2 Phosphate 5 5.0 0.63 2 <2
NaOH solution** 11 5.2 0.74 4 2
NaOH solution 9 4.9 0.03 <2 <2

* Maximum dilution against B. subtilis.

** pH of xylose solution was adjusted by 1N NaOH,
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Reaction mixture (1/) 0OD4,017.4

Antibacterial activity 8

Evaporation in vacuo
Extraction by acetone (2/)

r B )
Soluble fraction Insoluble fraction

Addition of benzene (2/)

SOllflb|8 fraction(S) Ins;)Iuble fraction
0D470 04 {black oily material )
Antibacterial activity 8
Fig. 1. Fractionation of antimicrobial substances

from xylose solution (0.3 M) heated at 120°C
for 20min in 1M carbonate buffer (pH
10.6).
Optical density at 470 nm and antibacterial
activity were corrected to the volume of
original reaction mixture (117).

Table 4. Effect of concentration of xylose on the production of
antimicrobial substances in 1 M carbonate buffer solution (pH
10.6) heated at 120°C for 20 min.

Concentration Antibacterial activity*
pH
of xylose (final)
M) 24 hr 48 hr
0.1 10.0 4 <4
0.3 9.8 8 4
0.5 9.5 16 8
1 9.0 16 8
2 8.5 32 8
5 7.7 32 16

* Maximum dilution against B. subtilis.

Table 5. Antimicrobial spectrum of S fraction.

Microorganism

MIC (ug/ml)*

Staphylococcus aureus
Bacillus subtilis
Escherichia coli
Pseudomonas aeruginosa
Saccharomyces cerevisiae
Candida utilis
Aspergillus niger

300
300
600
600
300
600
>1, 000

* Minimum inhibitory concentration (MIC) was determined under the

following conditions.

Nutrient broth, 37°C, 48hr for bacteria; Czapek-Dox’s medium +
peptone 0.25°%, 4-yeast extract 0.25%, 30°C, 48 hr for yeast and mold.
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Fig. 2. Typical gas chromatogram of S fraction.

8l |
Column : Silicone SE-30 (1 m) : | m" J h [

Column temp. : from 100 to 200°C (10°C/ 50 100 150
min) m/e
Carrier gas : He 20 ml/min Fig. 3. Mass spectrum of M; substance.
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Fig. 4. Infrared spectra of M; substance and catechol.
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Fig. 5. Synergistic effect between catechol and
methylhydroquinone for antibacterial activi-
ty against B. subtilis.

Antibacterial activity in a combination
of two phenolic compounds or alone was
indicated by MIC.

Table 6. Elemental analysis of M; substance.

H% o%
Found 65.41 5.35
5.49 29.6

Calc. as CgHgO» 65. 44

Table 7. Comparison of antibacterial activity of four identified
‘substances and related phenolic compounds.

Compound MIC (ug/ml)*
Catechol (M;) 400
3-Methylcatechol (Ms3) 300
4-Methylcatechol (M3) 400
Methylhydroquinone (M) 200
M;+Ma+M3+Ms (10:5:2: 1) 150
Phenol 1, 250
Resorsine 5, 000
Hydroquinone 400

* B. subtilis, 48 hr.

Table 8. Antimicrobial spectra of four identified substances.

MIC (ug/ml)

Microorganism
Catechol 3-Methylcatechol 4-Methylcatechol Methylhydroquinone

S. aureus 400 400 800 400
B. subtilis 400 300 400 200
E. coli 400 800 800 400
Ps. aeruginosa 800 800 800 800
Sacch. cerevisiae 400 400 400 400
Can. utilis 1, 600 400 800 400
Asp. niger >1, 600 800 800 1, 600
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