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Antioxidant Production from Several Xerophilous Fungi

Used in

Yoshio Kaminishi*!, Jun Egusa®

“Katsuobushi” Molding

, and Masahiko Kunimoto*'

The potential ability for producing effective antioxidants was investigated in 5 xerophilous
fungi used in “katsuobushi” molding. When strains were cultivated with media containing
malt extract, yeast extract, pepton and 20% glucose, all strains produced antioxidative sub-
stances, which were extracted from the culture media by the combined extraction of metha-
nol, chloroform, and ethyl acetate. The Eurctium herbariorum NE-1 strain had the slightly
stronger activity as indicators of peroxide value (POV) and tribarbituric acid reactive sub-
stances ('BARS), while Aspergillus ruber gave excellent results due to its high quantity. A
partially purified fraction of the antioxidative substance from A. repens indicated the potent
activity corresponding to that of DL -a- tocopherol.

1 Introduction

“ Katsuobushi” 1is made from skipjack
Katsuwonus pelamis, and is a valuable
ingredient of Japanese soup stock. The com-
mercial preparation of katsuobushi has sev-
eral steps, including boiling, smoke-drying
and molding. The molding process is a unique
step in the preparation using xerophilous
fungi, which contribute to the flavor im-
provement, soup stock clarification, and water
activity reduction ' . The raw muscle of
skipjack utilized for katsuobushi includes a
1-3% lipid fraction. Polyunsaturated fatty
acids (PUFA) account for equal to or more
than 60 % of the fatty acids composition in
skipjack muscle” " . PUFA is easily oxidized,
particularly when water activity is low. However,

molded katsuobusht is resistant to lipid oxi-
dation, and is known to remain in good con-
dition over long periods.

As for resistance to lipid oxidation, Suzuki
and Motosugi” reported that antioxidants
oceur in smoke-dried skipjack meats. The smoke
-drying procedure of skipjack meats was re-
peated 10-12 times, and the antioxidative ef-
fect seemed to stem from phenolic compounds
absorbed on katsuobushi. However, the mold-
ing procedure 1is, in practice, carried out
after material adhered to the surface is
shaved off with a grinder.

Kawai et al.”” and Oeda et al.” found
that the antioxidative substances produced
by Aspergillus niger A-12 strain had higher
activity than those of some food-borne
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fungi. Several strains of the genus
Aspergillus are also reported to produce
antioxidative substances in fermented sardine
meal” . These results suggest that several
xerophilqus fungi produce effective antioxi-
dants during katsuobushi molding. In this
study, the potential ability for producing ef-
fective antioxidants was investigated in several

xerophilous fungi used in katsuobushi mold-

ng.
2 Materials and Methods
2. 1 Fungal Strains and Cultivation

The strains used in this study were
Aspergillus repens (A. repens) IFO 8914 and
A. ruber TFO 7712. Eurotium herbariorum
(E. herbariorum) NU-1, NU-2 and NE-1,
which were kindly provided by Ninben Co.
Ltd. (Saitama Prefecture), were also used.

Glucose (40g) and agar (4g) were added
to distilled water (180mf), and autoclaved at
121°C for 20 min. A MYP solution contain-
ing malt extract (0.6g), yeast extract (0.6
g), pepton (1.0g) and distilled water (20
m?) was filtered through a 0.45 £ m mem-
brane filter (Millipore Co. Ltd.). The me-
dium was prepared by mixture of MYP and
glucose solution. The reason for which the
medium has been divided into two parts is
to prevent the occurrence of aminocarbonyl
reaction between MYP and glucose by auto-
claving, since the amino-carbonyl compounds
have an antioxidative effect. Stirains were
inoculated on the medium (20 g, 9cn dish)
and cultivated at 25°C for 50 days.

2. 2 Extraction of Antioxidative
Substance

After cultivation, the medium was mixed
with sea sand and 100m# of methanol, and
milled finely in a mortar. The mixture was
left to stand at 4°C overnight, and then fil-
tered through a filter paper (No.1, Advantec
Co. Ltd.). The residue was washed with 100
mf of methanol again on the filter. After the
methanol filtrates were dried with a rotary
evaporator to dryness, the residue was parti-
tioned between water and chloroform. The
aqueous phase was washed twice with an
equal volume of chloroform. The chloroform
extracts were evaporated to dryness, and the
residue was extracted with ethyl acetate. The
ethyl acetate extracts were used for assay of
the antioxidative activity, unless otherwise
noted.

2. 3 Auto-oxidative Test

The antioxidant fractions obtained were
added to Zg of lipid extracted from fresh
sardines. The mixture was spread out into a
dish of 9cem - diameter, and maintained at 37
°C for 5-10 days. Antioxidative activity was
evaluated both by measuring peroxide value
(POV) and tribarbituric acid reactive sub-
stances (TBARS)"
lipid. TBARS value 1s expressed in terms of
the malondialdehyde (MDA) equivalent.

of the oxidized sardine
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3  Results and Discussion

3. 1 Extraction of Antioxidative
Substance

The methanol extract from the medium on
which A. repens was not inoculated was neg-
Ligible. In the medium in which A. repens
was cultivated for 50 days, the methanol ex-
tract was partitioned between chloroform
and water, and of antioxidative activity the
fractions concentrated both from the water
and chloroform phases were tested. The POV
and TBARS values were higher in the water
soluble fraction than those in the control.
The water scluble fraction accelerated the
oxidation of lipid obtained from sardine.
When the sardine lipid was maintained in
the presence of 10mg of the chloroform frac-
tion (0.5% addition) for 10 days, the POV
was about 20 meq/ kg, and TBARS value
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was 809 of sardine lipids in which « -
tocopherol was added at concentration of
0.05% (Fig. .
with ethyl acetate, the fraction gave almost
the same POV and TBARS value as chloro-
form fraction. Since the slightly stronger ac-

When being partitioned

tivity was obtained in the antioxidative
substance which was first partitioned by
chloroform and then dissolved with ethyl
acetate, the combination of chloroform and
ethyl acetate were employed to extract
antioxidative substance in this experiment.
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Fig. 1. Effects of various extraction methods on oxidation of sardine lipid.
Control (O), a-tocopherol (@), Chloroform (X)), Ethyl acetate (B), Chloroform-ethyl acetate (&),
Extract from each solvent (0.5%) and a-tocopherol (0.05%) were added to sardine lipid. POV were
221 and 768 (meq./kg) in which sardine lipids without antioxidants were maintained for 5 and 10 days.
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3. 2 Relationship between Antioxidative
Activity and Cultivation Time

Antioxidative substances were extracted
from the media in which A. repens was culti-
vated for 10 - 90 days, and sardine lipids in
the presence of 0.5% extracts were oxidized
for 5 or 10 days. As shown in Fig. 2, the
antioxidative substances were produced dur-
ing the 10 days cultivation, and the POV
and TBARS value were as same as those of
the 20 - 90 days cultivation. The weights of
antioxidative fractions obtained from 40 g
of media were 0.046, 0.083, 0.091 and 0.111
g for 10, 30, 60 and 90 days cultivation, re-
spectively. These results suggest that the
components of antioxidative substances were
similar among the cultivation stages of 10 -
90 days, though the weights of antioxidative
fractions were different in the fungal growth
during 10 - 90 days.
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3. 3 Antioxidant Production from Five
Fungal Strains

Antioxidative substances were extracted
from the media in which 5 fungal strains
were cultivated for 50 days. The weights of
extracts obtained from 40 g of media were
0.083, 3.16, 0.059, 0.080 and 0.235g for A.
repens, A. ruber, E. herbariorum NE-1, NU-1
and NU-2 strains, respectively. Antioxidative
activity was found in all strains tested as
shown in Fig. 3. The order of activities
(POV and TBARS value) was slightly large
in NE-1, followed by A. repens, NU-2, NU-1
and A. ruber. 1t is suggested that after con-
sidering the factors of activities and produc-
tive weights, A. ruber is the most effective
strain for suppressing lipid oxidation. When
cultivated for 50 days, fungal color became
dark green for A. repens, NE-1 and NU-1, and
reddish-brown for NU-2 and A. ruber. The
color of the medium of A. ruber cultivation
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Fig. 2. Antioxidative activity of extracts from media in which A. repens was cultivated for 10 - 90 days.
Extracts and a-tocopherol (Toc) were added at concentrations of 0.5% and 0.05% to sardine lipid,
respectively. Left and right bars indicate oxidation time of 5 days and 10 days, respectively.
TBARS values are calculated as shown in Fig. 1.
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changed from an initial bright-yellow to dull
brown at the end.

Figure 4 displays the thin layer chromato-
gram (TLC) in which the extracts from the
media were developed by using the chlo-
roform and methanol (88 :12) solvent sys-
tem and then the bands were detected under
ultraviolet light. The band colors (Rf 0.75,
0.62, 0.45 and 0.33) of A. repens were differ-
ent from those of the other fungal strains.
In additon, the TLC patterns of NU-1 and
NE-1 were similar to that of A. ruber. This
result suggests that the TLC patterns did
not necessarily coincided with their colors of

the media.
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3. 4 Partial Purification of Antioxidative
Substances and their Activity

The antioxidative extract from the me-
dium in which A. repens was cultivated for
50 days was developed by using the TLC de-
scribed above, and fractionated by scraping
out the developed bands under ultraviolet
light. The partially purified antioxidative
fractions were divided into 9 fractions (A -
D) as shown in Fig. 5. The sardine lipid con-
taining 0.05% of each fraction was main-
tained for 5 or 10 days. Fraction B, C, G
and I indicated antioxidative activity as shown
in the POV and TBARS value (Fig. 6). In
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Fig. 3. [Bffects of extracts produced from 5 xerophilous fungi on oxidation of sardine lipid. The concentration
of a-tocopherol and the bars are the same as in Fig. 2.

TBARS values are calculated as shown in Fig. 1.
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particular, fraction C had the lowest POV
and TBARS value among the fraction ob-
tained.

It was found that the 5 strains of
xerophilous fungi utilized in katsuobushi
molding produced effective antioxidative sub-
stances. In addition, we suggest that the
multiple substances produced by the fungi
participate in the suppression of lipid oxida-
tion.

L0203 4 5 .

Fig. 4. Thin layer chromatogram of the extracts
from § xerophilous fungi.
Lane : 1, NE-1; 2, NU-1; 3, NU-2; 4, A
repens; 5, A. ruber.
TLC was developed using silicic acid (Kiesel
Gel 60G, Merck) with a chloroform-
methanol (88 : 12, v./v) solvent system, and
was detected under ultraviolet light.

and Kunimoto
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Fig. 5. Thin layer chromatogram of a partially pu-

rified fraction from A. repens extract.
The fraction was separated as described in
Fig. 4, and obtained by scraping out the de-
veloped bands under ultraviolet light.
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Fig. 8. Effects of partially purified fractions on oxidation of sardine lipid.
Each fraction and «-tocopherol were added at a concentration of 0.05% to sardine lipid.
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