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ABSTRACT 
 

Bioplastics made from sago flour have the potential to be developed into plastic-based industrial 
materials that are environmentally friendly and easily degraded by microorganisms. A. flavus 
DSFP.J1 and A. niger DFSP.J4 are microorganisms from a type of fungus that are proven to be 
able to degrade sago bioplastics, but have not yet obtained optimal degradation power. Therefore, 
this study aimed to obtain optimal conditions of the two isolates of fungi in degrading bioplastics 
made from sago flour at variable inoculum concentrations of 10, 20, 30,40, 50% v/w. The 
manufacture of sago bioplastics is done by adding acetic acid as a catalyst and added glycerol to 
form plastic properties in 15% sago flour, after being formed and cut to a size of 1 cm2. 
Observations to determine the degradation power were carried out after an incubation period of 
seven days to the next five weeks. The results obtained showed that the optimal conditions of A. 
flavus DFSP.J1 and in degrading sago bioplastics at 40% inoculum concentration with a 
degradation power of 56.52% in the fifth week of observation and tended to increase the 
degradation power on the following day, as well as A. niger DFSP.J4 optimally degrades at 30% 
inoculum concentration with a degradation power of 55.90% in the fifth week of observation.  The 
results of the research, it can be concluded. Both the fungus A. flavus DFSP. J1 and A. niger  
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DFSP.J4 showed that potentialy to be developed for further research to increase its degradation 
power higher and faster. 
 

 

Keywords: Bioplastics; degradation; fungi. 
 

1. INTRODUCTION 
 

The world community's need for plastic is 
increasing in line with the progress of the plastic-
based industry with an increasing rate of demand 
approaching 400 metric tons per year [1]. (While 
the use of biodegradable plastics has a low 
growth rate of only 13% per year, there needs to 
be a campaign to increase its use [2]. Generally, 
bioplastics are made from renewable natural 
materials in the form of polysaccharides in the 
form of cellulose, starch, pectin from chitin and 
from proteins such as gluten, casein, and gelatin, 
while organic lipids come from animal fats and 
fats from plants [3]. The use of plastic in 
everyday life is an inseparable part of this 
because it is cheap, quality and elastic [4] the 
use of plastic is not only limited to wrapping food 
ingredients but also used in industry and 
buildings [5]. Plastics made from hydrocarbons 
are resistant to degradation by microorganisms 
so that they will accumulate in the environment 
[6]. In the plastic environment, large sizes will be 
degraded for a long time, need to be reduced in 
size before being discharged into the 
environment (Collignon, et al, 2014).  
 

Various biodegradable plastics have been 
developed from various sources of biological raw 
materials to overcome environmental problems 
caused by hydrocarbon plastic waste [6]. 
Degradable bioplastic raw materials generally 
come from various types of polysaccharides, 
including starch [7]. Starch is a food reserve for 
plants and a source of energy for every living 
thing [8]. In addition, starch is a raw material in 
the manufacture of bioplastics, this is because it 
is easy to obtain, cheap and abundant. [7]. 
Starch consists of amylose and amylopectin 
parts (Shanks & Kong, 2012), both compounds 
are formed from glucose monomers and bonded 
by glycosidic bonds. Amylose is composed of 
chains of 100 to 10000 glucose units, while 
amylopectin is composed of glucose chains and 
the bonds are branched. In flour, starch and 
lipids were also found in small amounts derived 
from the rest of the plant cell parts that dissolved 
and precipitated with starch during the extraction 
process [9]. Starch is naturally granular and 
becomes dry when heated and is easily thermally 
degraded before its boiling point is reached 
(Shanks & Kong, 2012). 

Starch has a thermoplastic character that is 
useful in the formation of bioplastics. The 
structure and composition of starch-forming 
starch and amylose [10] from each plant causes 
differences in the efficiency of starch as a 
bioplastic raw material [11]. The starch source 
from the sago plant has been proven to be used 
in the manufacture of bioplastics [12]. The nature 
of whether or not it is degraded by 
microorganisms of any bioplastic made needs to 
be studied to increase its efficiency [13]. 
Bioplastic degradation by microorganisms can 
occur in the environment, changes in the 
structure of bioplastics will make it easier to 
degrade [14]. The speed and duration of 
bioplastic reform depends on the variation in the 
composition of the polymer making up the 
bioplastic [15]. Biodegradability of bioplastics can 
be observed from changes in weight before and 
after the bioplastic is broken down at certain time 
intervals [16]. In addition to the complexity of 
making bioplastics, the availability of bioplastic-
degrading microorganisms in the environment is 
also a determining factor for the rate of 
degradation of bioplastics [17], including from 
various types of bacteria such as Pseudomonas 
sp., Streptococcus sp., Staphylococcus sp., 
Bacillus sp. , and Moraxella sp. Of the types of 
fungi such as Aspergillus niger, A. versicolor, 
Cladosporium sp, Fusarium sp, Tricoderma sp 
and Verticillium sp [18]. A. flavus DSFP.J1 and 
A. niger DSFP.J4 are two species of fungi that 
can degrade sago bioplastic [12]. The necessary 
conditions are biotic and abiotic factors. Biotic 
factors can be in the form of the presence of 
other species or the same species that can affect 
its degradation power. The existence of other 
species creates a symbiotic effect that can be 
beneficial or detrimental. Meanwhile, the 
presence of the same species in conditions of 
adequate amounts of nutrients can accelerate 
the degradation power. Variations in the 
concentration of inoculum inoculated on the 
substrate, in this case sago bioplastic, is one of 
the variables used in the optimization process. 
 

2. MATERIALS AND METHODS 
 

2.1 Production of Sago Bioplastics  
 

The sago flour used is sago flour from Keder 
Kampong, District of East Coast, Sarmi Regency, 
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Provience of Papua,  which is traditionally 
processed and dried and then blended, filtered 
95 mesh and packaged. The manufacture of 
bioplastics was done by adding 100 ml sterile 
distilled water to sago flour in a stainless steel 
pan with a thermostat at 70oC with a composition 
of 1%v/v acetic acid, 1%v/v glycerol and 15 gram 
sago flour. Heating is done in 20 minutes while 
stirring until the sago flour dissolves and the 
suspension looks clear, then 20 ml suspension 
bioplastic printed in a 15 cm x 2.5 cm petri dish. 
The formed bioplastic is put into an oven at 45oC 
for 48 hours [12].  
 

2.2 Test of Degradation Power of A. 
flavus DFSP.J1 and A. niger DFSP.J4 
against Sago Bioplastics 

 
The cultures of A. flavus DSFP.J1 and A. niger 
DSFP.J4 isolates before use were rejuvenated 
first by transferring the spores to be grown on 
Potato Dextrose Agar (Oxoid) media to form 
spores from each fungal isolate. The spore 
suspension was prepared by incubating pure 
cultures of the fungi A. flavus DFSP.J1 and A. 
niger DFSP.J4 at 30°C for 10-14 days. The petri 
dish containing the spore culture was tilted and 
then rubbed with a solution containing 20% (v/v) 
glycerol and 0.1% (v/v) Tween 80 and the 
resulting spore suspension was then passed 
through a sterilized cotton swab. The collected 
spores were stored in a freezer at -20°C. The 
spore concentration in the suspension was 
determined by the spread plate method. This 
was done by pouring the spore suspension on 
potato dextrose agar medium and incubating for 
48 hours at 30°C. Then the spore concentration 
could be determined using the cup count 

method. To obtain an initial spore concentration 
of 103-107 spores/mL, the spores were 
inoculated into a 500 mL Erlenmeyer flask 
containing 200 mL of Potato Dextrose Broth 
(Oxoid) fermentation medium and incubated at 
30°C with shaking at 200 rpm [19]. Furthermore, 
10, 20, 30, 40, 50% v/w suspensions of fungal 
spores were tested for degradability by growing 
them in a petri dish containing 1 gram of sago 
bioplastic with a size of 0.5 cm2, for 14 days, at 
room temperature. Mushroom Degradation 
Power is determined by Formula 1: DP = (Wi – 
Wt)/Wi x 100%) [12]. Description of DP : 
percentage of degradability, Wt = weight in time 
and Wi = initial weight. 
 

3. RESULTS AND DISCUSSION 
 
3.1 Results 
 
3.1.1 Sago bioplastics 
 
Bioplastic made from sago flour with acetic acid 
catalyst and glycerol as plasticizer. The 
bioplastics were molded in petridishes and after 
drying they were cut into 1 cm2 pieces to be 
tested for their degradation power by A. flavus 
DFSP.J1 and A.niger DFSP.J4, as shown in Fig. 
1 A and B. 
 
3.1.2 Sago bioplastic degrading fungi 
 

Aspergillus flavus DFSP.J1 has the ability to 
degrade sago bioplastic, this fungus has a pale 
yellow conidospores and can degrade sago 
bioplastic in low water conditions, as shown in 
Fig. 2 A and B. 

 

 
 

Fig. 1. Bioplastic sago in a petri dish mold (A) and pieces of saga bioplastic (B) 
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Fig. 2. A. flavus DFSP. J1 with a pale yellow conidospores (A), and medium degrade sago 
biopastics (B) 

 

 
 

Fig. 3. A. niger fungus with brownish black conidiaspores (A) and fungus currently degrading 
sago bioplastic (B) 

 

 
 

Fig. 4. Percentage of sago bioplastic degradation by isolate A. flavus DFSP. J1 based on 
variations in inoculums concentrations of 10, 20, 30, 40 and 50% five weeks observation 

 
Aspergillus niger DFSP.J4 has a brownish black 
conidiospores, this fungal isolate also has the 

ability to degrade sago bioplastic as shown in 
Fig. 3. 
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Fig. 5. Degradability of the fungus A. niger DFSP. J4 on sago bioplastics with variation 
inoculums concentrations of 10, 20, 30, 40 and 50% 

 
3.1.3 Optimization of the degradation of fungi 

for sago bioplastics 
 

Optimization of the degradation power of A. 
flavus DFSP.J1 was carried out by inoculating it 
into 1 gram pieces of sago bioplastic in a petri 
disk. The inoculum concentrations used were 10, 
20, 30, 40 and 50% and observations were 
carried out for five weeks starting with 
observations with one day intervals to six days of 
observation and continued with one week 
intervals for 5 weeks. The results obtained using 
an inoculum concentration of 40% fungi can 
degrade bioplastic by 56.52%, as shown in Fig. 4 
which shows the percentage of sago bioplastic 
degradation during the 5-week observation 
period and the concentration of inoculum used 
and observations started after an incubation 
period of 7 days in room temperature. 
 
The fungus A. niger DFSP.J4 also has the ability 
to degrade sago bioplastics. This type of fungus 
in optimizing the inoculum concentration variable 
was showed the most optimal degradation power 
at 30% inoculum concentration with a percentage 
of 55.90% degradation power, in the fith week of 
observation, as shown in Fig. 5. 
 

3.2 Discussion 
 
Sago bioplastic is a plastic made from sago flour 
added with acetic acid as a catalyst and glycerol 
as a plasticizer. Its nature is rather rigid and 
transparent, this is due to the content of amylose 
and amylopectin (21.7% - 62.51%), compared to 
arrowroot starch (19.4% - 59.35%) and cassava 

starch (18.0%). - 60.15%). The results showed 
that the content of amylose and amylopectin 
greatly affected the tensile strength and 
elongation of biodegradable plastics. The higher 
the amylose content, the higher the value of the 
tensile strength and elongation of the 
biodegradable plastic. Bioplastics from sago has 
elongation and tensile strength (97.83 kgf/mm2 – 
4.83%) meanwhile arrowroot starch ((98.97 
kgf/mm2 – 3.38%) and cassava starch. (89.83 
kgf/mm2 – 2.26%) [20]. This plastic made from 
sago flour must be environmentally friendly, that 
is, it can be easily degraded by microorganisms, 
both fungi and bacteria. At the time of 
manufacture, glycerol is used as a plasticizer, 
besides that the addition of glycerol can 
accelerate the microbial degradation process and 
increase humidity. Bioplastics can be resistant to 
biodegradation if stored in a dry place [13]. 
Microorganisms that have the potential to 
degrade bioplastics are bacteria from the genus 
Pseudomonas sp., Streptococcus sp., 
Staphylococcus sp., Bacillus sp., and Moraxella 
sp [21]. While the fungi group were Aspergillus 
niger, A. versicolor, Cladosporium sp, Fusarium 
sp, Tricoderma sp and Verticillium sp [18]. 
 
Aspergillus flavus DFSP.J1 and Aspergillus niger 
DFSP.J4 isolates were fungi derived from sago 
bioplastic which were accidentally overgrown by 
both fungi during drying and storage at room 
temperature. After going through re-testing, 
characterization and identification of the fungus 
was able to degrade sago bioplastic. Fungi of the 
Aspergillus genera have several species and 
have been tested and found in bioplastic 
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biodegradation experiments. Aspergillus niger 
has also been used by other researchers in 
degrading bioplastics by burial method with 
compost soil as a source of microbes and can 
reduce the weight of bioplastics 29.89% with the 
sample color becoming darker and brittle after 10 
days of observation [22]. Furthermore, 
Aspergillus terreus (LM 1021) was able to 
degrade PHB plastic by 44.96%, plastic bags by 
4.28% and pure LDPE by 4.9% [23]. The ability 
of the isolates of A. flavus DFSP.J1 and A. niger 
DFSP.J4 was higher than that of A. terreus LM 
1021.  
 
Biodegradable bioplastics are polymers that can 
be mineralized into carbon dioxide, methane, 
water, inorganic compounds, or biomass through 
enzymatic activity produced by microorganisms. 
Due to its biodegradability by microorganisms, 
bioplastics can be a substitute for conventional 
petrochemical plastics. The influencing factors 
can be overhauled by microorganisms in addition 
to the presence of microorganisms around the 
bioplastic, as well as the physico-chemical 
structure of the biopolymer and environmental 
conditions [17]. The bioplastic degradation 
process begins with reducing the physical size of 
the bioplastic so that it is easily degraded by 
microorganisms biochemically using extracellular 
enzymes released by microorganisms [24]. 
Biodegradation testing by burial in the ground, 
bioplastics were cut into 10 mm x 10 mm, for 12 
days with 3 day observation intervals, The 
difference in weight before the bioplastic was 
buried and after showing the presence of a 
biodegradation process [25]. 
 

In this study, sago bioplastics were cut with a 
size of 1 cm2 after being inoculated with fungal 
isolates A. flavus DFSP.J1 and A.niger DFSP.J4. 
After 5 weeks of observation, the fungus was 
able to degrade bioplastics by more than 50%. 
Degradation still shows a tendency to increase 
even though the bioplastic conditions have 
started to dry up. This is due to its ability to grow 
even though it is not on a specific substrate, 
even under acidic environmental conditions. 
Under stressful conditions, fungi are able to 
produce several enzymes that can be used to 
degrade organic compounds [23]. Most fungi 
have lignolytic enzymes, namely laccase, lignin 
peroxidase and manganese peroxidase which 
are extracellular enzymes and have been studied 
for their ability to degrade plastics [26]. 
 

Fungi that have the potential to degrade sago 
bioplastics need to be optimized to see their 

degradation power. The isolates of A. flavus 
DFSP.J1 and A. niger DFSP.J4 after optimization 
of the inoculum concentration variable showed 
their degradation power above 50%. 
Optimization of inoculum concentration is 
important to increase the production of high 
cellular material [27]. In the optimization process, 
optimal conditions will be obtained in degrading 
sago bioplastics. Low concentrations below 30% 
the degradation power is not very good and 
above 40% the degradability tends to be 
constant. The addition of inoculum concentration 
in the fermentation medium resulted in 
competition among microorganisms in using 
nutrients, so that the growth of microorganisms 
and production were disrupted [28].  Optimal 
inoculum concentration causes rapid fungal 
growth characterized by the formation of a dense 
mass of mycelium accompanied by a rapidly 
ripening conidiospore [19].  

 
4. CONCLUSIONS  
 
Based on the results of research and discussion 
related to research on optimizing the degradation 
power of Aspergillus flavus DFSP.J1 and 
Aspergillus niger DFSP.J4 in degrading sago 
bioplastics, it can be concluded. First, the optimal 
conditions of A. flavus DFSP.J1 and in degrading 
sago bioplastics at 40% inoculum concentration 
with a degradation power of 56.52% in the fifth 
week of observation and tended to increase the 
degradation power, as well as A. niger DFSP.J4 
optimally degrades at 30% inoculum 
concentration with a degradation power of 
55.90% in the fifth week of observation. Second, 
based on the magnitude of the degradation 
power value and the tendency to increase its 
degradation power, Both the fungus A. flavus 
DFSP. J1 and A. niger  DFSP.J4 showed that 
potentialy to be developed for further research to 
increase its degradation power higher and  
faster. 
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