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ABSTRACT

The biodegradability of Aspergillus niger (A. niger), Mucor (M-305) and Trichoderma
(T-311) strains on regenerated cellulose films in media was investigated. The results showed
that T-311 strain isolated from soil adhered on the cellulose film fragments has stronger
degradation effect on the cellulose film than A. niger strain. The weights, molecular weights
and tensile strengths of the cellulose films in both shake culture and solid media decreased
with incubation time, accompanied by producing CO; and saccharides. HPLC, IR and re-
leased CO3 analysis indicated that the biodegradation products of the regenerated cellulose
films mainly contain oligosaccharides, cellobiose, glucose, arabinose, erythrose, glycerose,
glycerol, ethanal, formaldehyde and organic acid, the end products were CO; and water.

After a month, the films were completely decomposed by fungi in the media at 30°C.
INTRODUCTION

Cellulose, a friendly material to environment, is the most abundant organic sub-

stance occurring on the earth, and can be decomposed by microorganisms. In our

previous work[!=3l, the regenerated cellulose and its blended films prepared from

cellulose cuoxam solution were investigated, suggesting that the cellulose films have

potential application as substitute for plastic films, where biodegradation is im-

portant. The biodegradability of regenerated cellulose films prepared from pulps of
linter, cotton stalk and wheat straw in soil was studied, and the type of strains which

degrade the cellulose film in soil was identified!®. It indicated that the cellulose was
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degraded by microorganisms in soil more easily than hemicellulose because of coop-
erative interaction, and their degradation half lives were given to be 30-42 days. The
potential of Aspergillus fumigatus strains for degrading cellulose or lignocellulosics
materials has been investigated!®!, and the strains are able to multiply and sporulate
in great profusion in damp grass, straw and hay and appear to be distributed very
widely over the earth’s continent. This study aimed to understand biodegradation
rate, products and process of the regenerated cellulose film by Aspergillus niger,

Mucor and Trichoderma strains in culture media.
MATERIALS AND METHOD

Preparation of films

The regenerated cellulose films were prepared from pulps of linter, wheat straw,
cotton stalk and linter/hemicellulose, according to our previous method!?. The
viscosity average molecular weight M, and the contents of a-cellulose and hemicel-
lulose of raw materials are summarized in Table 1. The films prepared from cellulose
cuoxam were washed in running water, then dried at 110°C for 5 min before used

for biodegradation test.

Table 1 Raw materials (pulps) of films

Film No. Kind M, x 10* a-cellulose (%) Hemicellulose (%)
XCN8 linter - 20.0 98 0
JCN8 wheat straw 16.0 78 20
GCN8 cotton stalk 21.0 83 15
XCN-H8 linter/hemicellulose — 80 20

Strains and culture media

Aspergillus niger (A. niger) was supplied by Chinese Center for Type Culture
Collection in Wuhan University, Mucor (M-305) and Trichoderma (T-311) were iso-
lated from the soil adhered on the cellulose film fragments buried and classified ac-
cording to the reported method(¥. Nutrient salt media were prepared by dissolving
the designated amount of 0.7g (KH;POy,), 1.0g (NH4NOs3), 0.002g (FeSO4 - 7TH20),
0.002g (ZnSO4 - TH20) and 0.005g (NaCl) and 1L of distilled water, then adjusted
pH to 6.0—6.5 by addition of 0.01lmol/L, NaOH aqueous solution. The media were
sterilized by autoclaving at 121°C for 20min.

Solid culture test was performed according to ASTM G21-70. The agar media
were prepared by adding 15 wt% agar into the above mentioned nutrient salt media,

then they were contained in sterilized Petri plate to provide a solidified agar layer.
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The autoclaved films (10x10cm?) were placed on the surface of the agar, then the
strain pore suspension (0.2ml/dish, 5 million pores/ml) was spread on the surface of
the films. They were incubated at 30°C for 6 to 20 days. At intervals of 46 days,
the degraded fragments were taken out, washed and dried, then the saccharides were
extracted from the agar media.

Shake-culture test was performed as follows: 50ml of nutrient salt media were
added into 250m! Erlenmeyer flask in which 2wt% film fragments were added as
sole carbon source. The strain pore suspensions were inoculated, then incubated
at 30°C, 170rpm. At intervals of 2—3 days, the saccharide concentration in the
supernatants and M, of the degraded film fragments were determined, respectively.
Analysis of degraded products

Both the agar plate and a beaker containing 10ml 0.05mol/L of Ba(OH); solu-
tion as CO2 absorbant were placed in a 1000ml container, the container was sealed
and incubated at 28°C' At intervals of 2—5 days, the absorbant was titrated with
0.023mol/L oxalic acid, and an agar media without cellulose film was used as blank
control. The experimental value (mgxp) of CO, evolution was calculated according
to the volume of consumed oxalic acid in titration. the biodegradation rate (R) was

given as in the following:
R= (mExp/mTHE) X 100%

where myyg is theoretical CO; evolution of degraded film, which was calculated from
a stoichiometry of aerobic biodegradation!®).

The water soluble saccharides in degradation products were measured by the
colorimetric method”l. The saccharide concentration (cs) was measured on the
ultraviolet spectroscopy (UV-160A, Shimadsu, Japan) at A = 489nm using glucose
as standard. The degraded products in the shake culture solution were determined
by high pressure liquid chromatograph (HPLC, Shimadsu, LC-6A) with Bondclone
10 NH; column (300x3.9 mm, Phenonenex) and a differential refractometer detector.
Acetonitrile/water/methanol (65 : 10 : 5) was used as the eluent, and flow rate
was 1.6ml/min. The culture solution was purified by centrifugation at 10*rpm for
30min, and concentrated, then used to the measurement. Infrared (IR) spectra of
the degraded film fragments were recorded with a Nicolet FT-IR Spectrometer.
Characterization of degraded films

Viscosity average molecular weights M), of the degraded films and raw materials
were determined from intrinsic viscosity [n] in cadoxen at 25°C by the following
equation[S] :

77076

_ ~2
[) = 3.85 x 1072},
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The weight losses Wiess(%) of the film degraded in culture media were measured
at intervals of 3—6 days. Tensile strength the films o, were measured by an elec-
tronic strength tester XLD-0.1 (the Second Tensile Testing Machine Manufactory of
Changchun) according to Chinese standard method (GB4456-84).
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Fig.1 Incubation time dependence of Fig.2 Incubation time dependence of ten-
weight loss for XCN8 film (@) in sile strength for XCN8 film (@) and
agar media with T-311 strain {(—) GCNS8 film () in agar media with
and A. niger strain (——, see Fig.3) A. niger strain

Table 2 Comparision of biodegradability of the fungi on the XCN8 film
Strain
Suspension
Time of soil A. niger T-311 M-305
(days) Cs M, Cs M, Cs M, Cs M,
pgml™!  x107%  pgml™* x107*  pugml™! x107*  pgml™! x107*

3 1.2 7.87 4.1 7.85 5.58 7.5 5.58 7.42

6 2.44 7.07 7.78 6.2 14.14 5.32 11.04 4.68

8 4.04 6.62 7.80 5.14 34.40 1.97 20.20 2.83

RESULTS AND DISCUSSION

Biodegradation activity of strains

The saccharide concentration produced from the cellulose film in media with
fungi and M,, of the degraded film fragments at the variant incubation time are given
in Table 2. The degradability of fungi against the cellulose films can be described
by the increase of saccharide concentration and the decrease of M, of the degraded
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films. The results indicate that the changes of the saccharide concentration are in
good agreement with that of M,,, and the T-311 strain has stronger degradation
activity on the XCN8 film than the others. Fig.1 shows incubation time dependence
of weight loss of XCN8 film in agar media with T-311 strain and A. niger strain.
Biodegradability of the XCNS8 film in the media with T-311 strain is obviously higher
than that with A. niger, it is coincident with that in Table 2.

Fig.2 shows that incubation time dependence of tensile strength for two types of
cellulose film in agar media with A. niger strain. It is clear that the biodegradability
of A. niger strain against XCN8 film is weaker than against GCN8 film. Incubation
time dependence of weight loss for the cellulose films in agar media with A. niger
strain is shown in Fig.3. After 27 days, the value of weight loss of JCNS film reached‘
90%, but that of XCN8 film was lower than 10%. The results imply that the positive
effect of hemicellulose on degradation of the cellulose films in the media with A. niger

strain was enhanced.
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Fig.3 Incubation time dependence of Fig.4 Incubation time dependence of

weight loss for JCN8 film (:p) and the saccharides concentration (cs)
XCN8 film () in agar media with released from film XCN8 in shake
A. niger strain culture media with T-311 strain

Biodegradation process and products

Fig.4 shows that the incubation time dependence of ¢, of the cellulose films
degraded by T-311 strain. The result indicates that ¢, of the degraded cellulose film
increases with the increase of incubation time from 1 to 8 days, then decreases with
incubation time from 8 to 20 days. The largest saccharide concentration lies in 8th

day, and its decrease is related to the consumption of releasing COy. HPLC graphs
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of the degradation products of XCN8 and XCN-H8 films in shake culture solution
with strain T-311 for 14 days are shown in Fig.5, The XCN-H8 film was prepared
from a mixture of linter and hemicellulose (8 : 2). From data shown in Fig.5, it is de-
duced that the degradation products of the films mainly contain oligosaccharides, cel-
lobiose, glucose, arabinose, erythrose, glycerol, ethanal, and formaldehyde. Organic
acid was difficultly detected by the Bondclone NH; column, but was shown absorp-
tion at 1610cm~!(COO™) by IR. The oligosaccharides of the degradation products
for XCNB8 film are more than that for XCN-H8 in accordance with its compounds
added hemicellulose. The biodegradation products of the regenerated cellulose films
are similiar to natural cellulose, which has been transferred into oligosaccharides,

cellobiose, glucose, arabinose, erythritol, erythrose, organic acid and so on!®~19].
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Fig.5 Degradation products of XCN8 (A) and XCN-H8 (B) films in shake culture
solution with T-311 strain. 1-glycerol, 2-mixture of erythrose and glycerose, 3-

arabinose, 4-glucose, 5-ethanal, 6-formaldehyde, 7-cellobiose, 8-oligosaccharides

Fig.6 shows that incubation time dependence of CO, evolution of the XCN8 film
and glucose in agar media with strain T-311 at 30°C. CO4 evolution for both XCN8
film and glucose did not appear until three days of incubation. The glucose, when
R value reached 65%, was completely decomposed to COy at 28th day, and the
other 35% were resumed as carbon source by the microorganism. COy released from
XCNS film increased with incubation time, and the biodegradation rate reached 55%
at 28th day. It suggests that the film was completely decomposed in the solid media
at 30°C for a month. The plots of weight loss and the saccharide concentration
of the XCN8 film degraded by strain T-311 against incubation time are shown in
Fig.7. The weights of the degraded film decreased with incubation time. But the

saccharides evolution did not appear until 7th days of incubation, and increased
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with the increase of time to reach maximium, then decreased. The change of the
saccharides with time is in good agreement with that shown in Fig.4. These results
suggested that the saccharide produced from the cellulose film degraded by fungi
were continuously consumed as producing CO2 and water. In view of analysis for
Fig.4, 6 and 7, the saccharides were completely decomposed to COq in the shake
culture and solid media at 30°C for a month. The end products of the cellulose film
degraded by fungi are CO2 and H2O.
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Fig.6 Incubation time dependence of CO; Fig.7  Plots of weight loss () and saccha-
evolution for film XCN8 (&) and ride concentration ¢, (Jof the XCN8
glucose (@) in agar medium with film degraded by T-311 strain at
T-311 strain at 30°C 30°C against incubation time; ()

represents glucose

CONCLUSION

The T-311 strain isolated from soil has obviously stronger degradation activity
on the regenerated cellulose film than A. niger strain. The biodegradation process
of the films in the agar media or in shake nutrient salt media with T-311 strain in-
cludes breakdown of cellulose chains, production of the saccharides from the cellulose
macromolecules, and decomposition of the saccharides. Hence, the degradation pro-
ducts with very different molecular weights and different structures exist in the cul-
ture solution, and mainly contain cellulose with low molecular weight, oligosaccha-
rides, cellobiose, glucose, arabinose, erythrose, glycerose, glyceral, ethanal, formalde-
hyde and organic acid, and the end products are CO; and water. The polydispersed
constituent of these products concides with the conclusion from 3C NMR!M. The
cellulose film was completely decomposed to CO3 and water in the media with T-311

strain at 30°C after a month.
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