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ABSTRACT: An improved fungal test method, soft agar overlay method, has been developed for the
measurement of biodegradability of synthetic polymers. Advantages of this technique over convention-
ally used test method of ASTM include better visualization of fungal growth on polymeric materials,
shortening of incubation period, and enhanced sensitivity especially to polymeric materials containing
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highly recalcitrant molecules.
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Studies on biodegradability of synthetic polymers
have received a great deal of attention because of (he
negative impact of discarding synthetic polymers on
the natural environment (Reich and Bartha, 1977;
Griffin, 1980; Atlas, 1981; Kilbane, 1986). Among
the several methods developed for the measurement
of biodegradability of synthetic polymers, fungal test
method of ASTM(American Society of Testing and
Materials; ASTM G21-70) has been widely used. In
this method, the degradability of synthetic polymers
is determined by the degree of visual growth of fungi
on a polymeric material which is over-laid on the sur-
face of nutrient-salt agar medium lacking a carbon
source. After a definite time, growth rates are classi-
fied according to the fraction of the polymer-surface
covered with fungal colonies, 7.e., 0: no growth; 1:
trace of growth (less than 10%); 2: light growth (10
to 30%); 3: medium growth (30 to 60%); 4: heavy
growth (60% to complete coverage).

Although the fungal test method of ASTM is cer-
tainly simple and convenient, this method has some
problems. Because synthetic polymers are generally

hydrophobic and have inert surfaces to water (Guil-
let, 1973; Kuster, 1979), extremely weak fungal
growth appears when fungal spores are inoculated on
the surfaces of synthetic polymeric films and sheets
according to the method of ASTM. With this reason,
the ASTM method is time-consuming (usually more
than 4 weeks) and insensitive, especially to polymeric
materials which contain highly recalcitrant molecules
as their major constituent (Otey ef al., 1980; Swan-
son et al., 1987). Consequently, the ASTM method is
considered to be ineffective for accurate measure-
ment of fungal degradability of synthetic polymers.
To avoid these inadequacies, we modified the
fungal test method of ASTM. In our modified me-
thod, fungal spores were mixed with soft agar con-
taining nutrient-salt medium and were overlaid on
the surface of a polymeric material which is placed
on a solid medium. In this report, we described the
modified method and compared it with the ASTM
method in their efficiencies for the measurement of
biodegradability of synthetic polymers.
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Table 1. Fungal degradability of starch-PE films as measured by ASTM and soft agar overlay (SAQ) method
Formulation(%) Fungal degradability*
Sample Method
Starch Polyethylene 3 6 9 12 15 18 21 24 (days)
SL-3 10 90 ASTM 1 1 1 1 1 1 1 1
SAO 0 1 1 1 1 1 1 1
SL-4 20 80 ASTM 0 1 1 1 1 1 1 1
SAO 0 1 1 1 1 2 2 2
SL-§ 30 70 ASTM 1 1 1 1 1 1 1 1
SAO 1 1 1 1 1 2 3 4
SL-6 40 60 ASTM 1 1 1 1 1 1 1 1
SAO 1 1 1 1 2 2 3 3
SL-7 50 50 ASTM 1 1 1 1 1 2 2 2
SAO 1 3 4 4 4 4+ 4+ 4+
SL-8 60 40 ASTM 1 1 2 2 2 2 2 2
SAO 0 1 ) 2 3 3 4 4
SL-9 70 30 ASTM 1 2 2 2 2 2 2 2
SAO 1 3 4 4 4+ 4+ 4+ 4+

*Fungal degradability was measured by the degree of fungal coverage on each film in accordance with the guidelines of
ASTM G21-70, i.e., O (no growth); 1 (less than 10%); 2 (10-30%); 3 (30-60%}; 4 (over than 60%).
The symbol ““+’’ means better growth than indicated visual rate.

MATERIALS AND METHODS

Organism and cultivation

Aspergillus niger KCTC 1374 obtained from
Genetic Engincering Center of KAIST was used as a
testing fungal strain. Subcultures grown on potato
dextrose agar medium at 28 to 30°C for 7 to 10 days
were used in preparation of conidia suspension.
Test polymers

Two kinds of plastic films, starch-polyethylene
(PE) and starch-polyethylene-vinvlacetate (EVA) co-
polymer films, were used as test materials in (his
study. Starch-PE or starch-EVA films were prepared
by blending various concentration (10 to 70%) of
corn starch with low density polyethylene or ethylene
vinyl acetate copolymier (vinyl acetate content 15%),
respectively, by using Brabender internal mixer at
150°C with running speed of 50 rpm for 40-50 min. A
thin film was made with these blended mixture by
simple press method (Jun er «l., 1989).
Measurement of biodegradability

Conidia suspension of A. niger KCTC 1374 and
nutrient-salt agar medium were prepared in accord
with the ASTM guidelines for fungal test (ASTM
G21-70, 1983). The plastic films (5 < 6 cm in size)
were sterilized with 70% ethylalcohol and placed
aseptically on hardened nutrient-salt agar medium.

One milliliter of conidia suspension (1.5 x 10 coni-
dia/m/) was added to 7 m/ of soft agar medium
(same as nutrient-salt medium except 0.8% of agar),
and the mixture was overlaid on test material. The
samples were incubated for 24 days at 30°C with
more than 85% of a relative humidity. Biodegradabi-
lity was measured by the degree of fungal coverage
on each film after 3 to 24 days and the visual rate ot
tungal growth was by the method of ASTM G21-70.
The above stated test method was designated as soft
egar overlay method in this study.

RESULTS AND DISCUSSION

Incorporation of biologically labile polymers,
such as starch, into normally stable polymer has been
one approach to the preparation of biodegradable
plastics. The rate of biodegradation of plastics has
been reported to be increased by inclusion of a highly
biodegradable polymer in the plastic matrix (Otey e/
al., 1980; Griftin and Tarverdi, 1983; Pitt er «l.,
1987). In this respect, starch-PE and starch-EVA
films with various concentration of starch were con-
sidered to be appropriate test materials for the com-
parison of the efficiency of soft agar overlay method
with that of ASTM method.

The biodegradabilities of starch-PE films meas-
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Table 2. Fungal degradability of starch-EVA films as measured by ASTM and soft agar overlay (SAQ)

Formulation(%) Fungal degradability*
Sample Method
Starch EVA 3 6 9 12 15 18 21 24 (days)
SV-31 10 90 ASTM 1 1 1 1 1 1 1 |
SAO 0 1 1 1 1 1 1 1
Sv-32 20 80 ASTM 1 1 1 1 1 1 1 i
SAO 0 1 1 1 1 1 1 1
SVv-33 30 70 ASTM 1 1 1 1 1 1 1 1
SAO 1 1 1 1 1 2 2 3
SV-34 40 60 ASTM 1 1 1 1 2 2 2 2
SAC 0 1 1 1 3 4 4 4
SV-35 50 50 ASTM 2 2 2 2 3 3 3
SAO 0 2 4 4 4 4 4+ 4+ 4+
SV-36 60 40 ASTM 1 1 1 1 1 2 2 2
SAO 1 1 2 2 3 4 4
Sv-37 70 30 ASTM 1 2 2 2 3 3 3+
SAO 1 3 4 4+ 4+ 4+ 4+ 4+
*Fungal degradability was measured as described in Table 1.
ured by ASTM and soft agar overlay method are ASTM soft agar overlay

shown in Table 1. As the starch level increased, the
film resistancy to fungal attack decreased signifi-
cantly. However, the fungal degradabilities measured
by ASTM method were not significant at or below
40% of starch level. The lack of fungal attack at or
below 30% of starch level in starch-poly(ethylene-co-
acrylic acid) has been also informed by other in-
vestigators who used ASTM method (Otey e al.,
1980; Swanson er al., 1987). In contrast, soft agar
overlay method showed a marked increase of fungal
growth rate in accordance with the increase of starch
levels. These results indicate that soft agar overlay
method is more effective than ASTM method for the
measurement of biodegradabilities of highly recalci-
trant polymeric materials.

Moreover, much more rapid growth of A. niger
on starch-PE films was observed when the soft agar
overlay method was used. For example, more than
60% of the surface area of SL-7 (50% starch level)
was covered by fungal colonies after 9 day-incuba-

tion as measured by soft agar overlay method, Fig. 1. Comparison of fungal growth on the surface of
whereas less than 30% covered even after 24 day- polymeric films tested by ASTM and soft agar
incubation as measured by method. This result ob- overlay method.

tained by soft agar overlay method was undoubtedly A: fungal growth on starch-PE(SL-7) after 10 days
due to more successful supply of fungal spores and incubation.

nutrients on polymeric films by overlaying the mix- B: fungal growth on starch-EVA (SV-35) after 18
ture of spores and soft agar medium on polymcric days incubation.

film which was highly hydrophobic and water-imper-
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meable.

Similar results were also observed from the biode-
gradability tests for starch-EVA films (Table 2).
There was little variation of the extent of fungal
growth when the samples with 20% of starch content
or less were tested using both methods. On the other
hand, more remarkable difference among the fungal
degradabilities of the starch-EVA films containing
more than 20% ot starch level was found in the case
of soft agar overlay method, which indicates that soft
agar overlay method can reflect the biodegradability
of the polymeric films more accurately than ASTM
method. Furthermore, soft agar overlay method
allowed more rapid growth of A. niger on starch-
EVA films, so that this test was able to shorten the
incubation period.

More critical problem in an attempt to measure
fungal degradability of synthetic polymers by ASTM
method was that the fungal spores did not easily at-
tach on the hydrophobic surtace of polymers and
that the fungal growth on the surface of polymers
was restricted by the difficulty of nutrient supply
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through water-impermeable polymers. Actually, the
fungal growth was largely localized at the marginal
regions of the polymeric materials when ASTM
raethod was applied (Fig. 1), and hence accurate
measurement of visual rate of fungal growth was not
possible. However, fungal colonies were easily torm-
ed and distributed evenly on the surfaces of test
materials when the soft agar overlay method was ap-
plied.

From these results, we conclude that soft agar
overlay method is more efficient than the conven-
tional ASTM method for the measurement of fungal
degradability of plastic materials. By using soft agar
overlay method, incubation time for the measure-
ment of biodegradability is reduced approximately to
half, and more accurate determination of visual rate
of fungal growth, especially on the polymers of low
susceptibility to fungal attack, is practicable. In addi-
tion, the method is believed to be applicable to a wide
variety of synthetic polymers of particular interest in
industries.
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