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The optimal physical factors affecting enzyme production

in an airlift fermenter have not been studied so far.

Therefore, the physical parameters such as aeration rate,

pH, and temperature affecting PLA-degrading enzyme

production by Actinomadura keratinilytica strain T16-1 in

a 3 l airlift fermenter were investigated. The response

surface methodology (RSM) was used to optimize PLA-

degrading enzyme production by implementing the central

composite design. The optimal conditions for higher

production of PLA-degrading enzyme were aeration rate

of 0.43 vvm, pH of 6.85, and temperature at 46
o

C. Under

these conditions, the model predicted a PLA-degrading

activity of 254 U/ml. Verification of the optimization showed

that PLA-degrading enzyme production of 257 U/ml was

observed after 3 days cultivation under the optimal

conditions in a 3 l airlift fermenter. The production under

the optimized condition in the airlift fermenter was higher

than un-optimized condition by 1.7 folds and 12 folds with

un-optimized medium or condition in shake flasks. This is

the first report on the optimization of environmental

conditions for improvement of PLA-degrading enzyme

production in a 3 l airlift fermenter by using a statistical

analysis method. Moreover, the crude PLA-degrading

enzyme could be adsorbed to the substrate and degraded

PLA powder to produce lactic acid as degradation

products. Therefore, this incident indicates that PLA-

degrading enzyme produced by Actinomadura keratinilytica

NBRC 104111 strain T16-1 has a potential to degrade

PLA to lactic acid as a monomer and can be used for the

recycle of PLA polymer.
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Poly (L-lactide) or PLA is an aliphatic polyester produced from

agricultural products. Several thermophilic PLA-degrading

bacteria such as Bacillus brevis, Bacillus stearothermophilus,

Bacillus licheniformis, Geobacillus thermocatenulatus,

Micromonospora echinospora, Micromonospora viridifaciens,

Nonomureae terrinata, Nonomureae fastidiosa, Laceyella

sacchari, Thermoactinomyces vulgaris, and Actinomadura

keratinilytica have been reported [6, 11, 13, 16, 17]. To

date, the study on factors affecting PLA-degrading enzyme

production has not many reports. The optimum conditions

for degradation of PLA film were 43oC at about pH 7 in a

mineral salt medium with a low concentration of organic

nutrients (0.002% yeast extract), and the PLA film disappeared

within 2 weeks. Jarerat and Tokiwa [3] demonstrated the

degradation of PLA by using Tritirachium album ATCC

22563 and found that in liquid basal medium and PLA

film, no film degradation was observed. However, by the

addition of 0.1% gelatin, about 76% of the PLA film was

degraded after 14 days of cultivation at 30oC. PLA-degrading

productions of T. album, Lentzea waywayandensis, and

Amycolatopsis orientalis were inducible in the basal

medium by 0.1% (w/v) poly-L-amino acids, peptides, or

amino acid. Silk fibroin was the best inducer for A. orientalis

and elastin was the best inducer for L. waywayandensis

and T. album, with the enzyme activity of 450, 96, and

60 U/ml, respectively [4]. Jarerat et al. [5] reported that

silk fibroin was the best substrate for production of PLA-

degrading enzyme in liquid medium by A. orientalis with

600 TOC (total organic carbon) formation:mg/l. The

enzyme production was scaled-up in a 5 l jar fermenter

with 550 TOC formation:mg/l after 3 days of cultivation.

Response surface methodology and central composite

design are increasingly used for optimization of various

phases in some fermentation processes such as physical

parameter and factors (temperature, pH, aeration rate, and
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agitation rate), and fermentation medium (carbon and

nitrogen sources, mineral salt, and inducer) with various

microorganisms. This method has been successfully applied

to improve the production of many important enzymes; for

example, α-amylase [15], xylanase [7], and keratinase [1].

However, the improvement of medium composition on

PLA-degrading enzyme production using the response

surface method was examined in shaking flasks by our

collaboration, and we found that the maximum enzyme

activity was obtained (44.6 U/ml) in the medium containing

0.035% (w/v) PLA and 0.238% (w/v) gelatin. The culture

cultivated in a 3 l airlift fermenter improve the enzyme

production up to 150 U/ml [14]. Nevertheless, the optimal

physical factors affecting the enzyme production in an

airlift fermenter have not been studied so far.

Methods for PLA recycling, such as pyrolysis and

chemical hydrolysis [18], have been reported. Biological

processes by enzymatic activities are currently considered

as the sustainable recycling method for polyesters.

Biological recycling of PLA is one application of PLA-

degrading enzymes to recycle plastic wastes containing

PLA. The treatment process by the activity of the enzyme

is a mild condition, regarded as a clean process, and does

not contain any undesirable by-products such as racemic of

PLA after degradation. Jarerat et al. [5] demonstrated the

biological recycling of PLA using the stereospecific

enzyme activity of Amycolatopsis orientalis by a process

that is mild (at relatively low in temperature, 40oC) and

clean (without organic solvent), and 2,000 mg/l of PLA

powder was completely degraded within 8 h at 40oC using

20 mg/l purified enzyme. L-Lactic acid of 600 mg/l was

obtained as the degradation product of PLA.

In this paper, a central composite design was applied to

establish the optimum physical culture condition of PLA-

degrading enzyme production in a 3 l airlift fermenter by

Actinomadura keratinilytica strain T16-1. In addition, the

degradation ability of this enzyme was investigated for the

biological recycling of PLA.

MATERIALS AND METHODS 

Bacterial Strain and Growth Medium

Actinomadura keratinilytica NBRC 104111 strain T16-1 was isolated

from forest soils based on clear zone formation on emulsified PLA

agar plate and demonstrated the highest PLA-degrading activity at

50oC [13]. A loopful of strain T16-1 grown on yeast-malt extract

agar slant was inoculated in 50 ml of yeast extract-malt extract

broth at 50
o
C, 150 rpm for 4 days. The cells were harvested by

filtration through filter paper (Whatman No. 1), washed twice, and

resuspended in distilled water. The cell suspension was then used as

inoculum. The fermentation medium consisted of (w/v) 0.035% PLA

powder, 0.238% gelatin, 0.4% (NH4)2SO4, 0.4% K2HPO4, 0.2%

KH2PO4, and 0.02% MgSO4·7H2O.

Experimental Set-Up of Laboratory-Scale Airlift Bioreactor

The fermentation was carried out in a 3 l airlift bioreactor with a 2 l

working volume, which was 185 mm in diameter and 632 mm high.

The bioreactor, which was surrounded by a water jacket for

temperature control, was made from glass. The air sparger was a

multiporous plate (10 mm in diameter) located at the bottom of the

bioreactor. The DO probe, pH probe, and antifoam sensor were

positioned at the top of the bioreactor.

The antifoam sensor was located 10 cm from the top of the upper

broth surface. All the probes and sensor were interfaced with a

control unit. A 10% (v/v) aliquot of the cell suspension was

inoculated and the fermentation was performed at various aeration

rate, pH, and temperature values according to the experimental

design. The culture was sampled at 24-h intervals for PLA-degrading

enzyme activity assay.

Process Parameter Optimization by Central Composite Design

Response surface methodology was used to optimize the physical

factors for enhancing PLA-degrading enzyme production. In this

study, a central composite design (CCD) with three factors (aeration

rate, pH, and temperature) and five levels, including three replicates

at the center point, was used for fitting a second-order response

surface [2]. A CCD always contains twice as many star points as

factors in the design. The star points represent new extreme values

(low and high) for each factor in this design. To maintain rotatability,

the value of α depends on the number of experimental runs in the

factorial portion of the CCD. 

In this study, k = 3 factors (aeration rate, pH, and temperature)

could be written as

a = [23]1/4 = 1.68 (1)

Table 1 and Table 2 show the factors, their values, and the

experimental design. The variables were aeration rate, pH, and

temperature, and the responses were of the PLA-degrading activity.

A second-degree quadratic model was established as Eq. (2) by

using the method of least squares as follows:

Y = a0 + a1X1 + a2X2 + a3X3 + a12X1X2 + a13X1X3 + a23X2X3+a11X
2

1

+ a22X
2

2 + a33X
2

3 (2)

where Y is the predicted response (PLA-degrading enzyme yield);

X1, X2, and X3 are the coded forms of the input variables (aeration

rate, pH, and temperature, respectively); a0 is a constant; a1, a2, and

a3 are the linear coefficients; a12, a13, a23, are cross-product coefficients;

and a11, a22, and a33 are the quadratic coefficients. The relation between

the coded forms of the input variable and the actual value of PLA

film and gelatin are described by Eq. (3):

(3)xi

Xi X0–

δX
---------------=

Table 1. Experimental range and levels of the independent
variables used in central composite design.

Independent variables
Level

-1.68 -1 0 1 1.68

Aeration rate (X1) 0.08 0.25 0.5 0.75 0.92

pH (X2) 6.16 6.5 7 7.5 7.84

Temperature (X3) 36.6 40 45 50 53.4
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where xi is the dimensionless coded value of the variable Xi, X0 is

the value of Xi at the center point, and δX is the step change. 

The data from the experimental design were subjected to a

second-order multiple regression analysis using the least squares

regression method to obtain the parameter estimators of the

mathematical model. SPSS Statistics 17.0 and Statistica 5.0 software

(Statsoft, USA) were used for regression analysis and graphical

analysis of the data, respectively.

Determination of PLA-Degrading Activity

PLA-degrading enzyme activity was assayed based on the decreasing

of turbidity. A 0.1% (w/v) emulsified L-PLA (LACEA, Japan) in

100 mM Tris-HCl buffer (pH 9.0), using an ultrasonic processor

model VCX 500 (Sonic and Materials, Inc., Newtown, USA), was

used as substrate. The reaction mixture of 2.25 ml of substrate and

0.25 ml of filtrated enzyme was incubated at 60oC for 30 min. The

decrease in turbidity was measured at 630 nm. One unit of the PLA-

degrading activity was defined as a 1 unit decrease in optical density

at 630 nm per minute under the assay condition described.

Degradation Ability of PLA-Degrading Enzyme from Strain

T16-1

The PLA-degrading enzymes were prepared by cultivation of A.

keratinilytica NBRC 104111 strain T16-1 in the fermentation

medium at 50oC in a rotary shaker at 150 rpm for 4 days. The

culture broth was then filtrate by using filter paper (Whatman No.1).

The filtrate was assayed for PLA-degrading enzyme activity and

then was diluted to the activity of 55 U/ml as crude enzyme for

examination of degradation ability.

To determine the ability of PLA-degrading enzyme for biological

recycling, the adsorption and degradation of L-PLA powder were

examined. Enzymatic degradation was carried out in a 50 ml vial

containing 0, 20, and 40 mg of L-PLA powder, 9 ml of 0.2 M Tris-

HCl buffer (pH 9), and 1 ml of the culture filtrate. Two control

experiments were carried out; (1) the reaction without an addition of

the culture filtrate and (2) the reaction without an addition of L-PLA.

The reaction mixture was incubated at 60oC for 8 h. The reaction

mixture was sampled at 2 h intervals and the reaction mixture was

then filtered through a 0.20 µm filter membrane. The degradation

products were determined by HPLC analysis (column aminex HPX

87H, mobile phase H2SO4, temperature 40
o
C). The remaining PLA-

degrading activity in the reaction mixture was also determined as

described above.

To determine the weight loss of L-PLA power during the degradation,

50 mg of L-PLA powder was hydrolyzed in Tris-HCl buffer pH 9.0

at 60oC for 4 days by the crude enzyme. At 24 h interval incubation,

the remained L-PLA powder was collected by centrifugation

(8,000 rpm, 4oC for 5 min ) and dried at 105oC until the constant

weight was obtained.

RESULTS AND DISCUSSION 

Regression Model of Response

Three key environmental factors, namely aeration (X1), pH

(X2), and temperature (X3), were chosen for a detailed

modelization of their effects. The influences of these controlled

variables were evaluated by response surface methodology

using a central composite design. The correspondence

between the coded levels and the real levels of the factors

are shown in Table 1. The structure of the experiment, the

results observed, and the results predicted according to the

second-order model obtained are shown in Table 2.

The experimental design is composed of three parts: full

factorial (runs 1 to 8), star points (runs 9 to 14), and a

central point repeated (runs 15 to 17). The repetition at the

center point allows the determination of the standard error.

By applying multiple regression analysis on the experimental

data, the following second-order polynomial equation was

established that explains the PLA-degrading enzyme

production in relation to the controlled variation of the

three environmental factors, regardless of the significance

of coefficients:

Y = 246.762 − 11.834X1 − 21.832X2 + 21.08X3

+ 29.544 X1X2 − 0.819X1 X3 − 12.831X2 X3

− 39.836X1

2 − 42.316X2

2 − 68.588 X3

2 (4)

where Y is the predicted response (PLA-degrading enzyme

production); and X1, X2, X3 are coded values of the

aeration rate, pH, and temperature, respectively.

The statistical significance of Eq. (4) was checked with

a F-test, and the analysis of variance (ANOVA) for the

response surface quadratic model is shown in Table 3. It is

evident that the model was significant, as suggested by the

model F-value (0.000). The analysis of variance (F-test)

shows that the second-order model obtained is well

adjusted to the experimental data. The precision of a model

Table 2. Experimental design used in response surface methodology
of three independent variables, (X1) aeration, (X2) pH, and (X3)
temperature, with three center points with the observed and
predicted PLA-degrading activity.

Runs
Code-setting level Actual level

(X1) (X2) (X3) Observed Predicted

1 -1 -1 -1 133.9 124.5

2 -1 -1 1 194 193.96

3 -1 1 -1 45.4 47.41

4 -1 1 1 20 65.54

5 1 -1 -1 58 43.38

6 1 -1 1 80.65 109.56

7 1 1 -1 53.5 84.47

8 1 1 1 59 99.33

9 -1.68 0 0 162 154.21

10 1.68 0 0 150.5 114.44

11 0 -1.68 0 152 164

12 0 1.68 0 146.5 90.65

13 0 0 -1.68 8.2 17.76

14 0 0 1.68 142 88.59

15 0 0 0 252 246.76

16 0 0 0 243 246.76

17 0 0 0 237.5 246.76
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can be checked by the termination coefficient (R2) and

correlation coefficient (R). The response variations for

PLA-degrading enzyme production were attributed at a

level of 73.4% to the independent variables. The closer the

value of R (correlation coefficient) to 1, the better is the

correlation between the experimental and predicted values.

Here, the value of R (0.857) for Eq. (4) indicates a

satisfactory agreement between the experimental results

and the theoretical values predicted by the model equation.

The Student t-distribution and the corresponding P-

value, along with the parameter estimate, are given in

Table 4. The P-values are used as a tool to check the

significance of each of the coefficients, which, in turn, are

necessary to understand the pattern of the mutual interactions

between the best variables. The smaller the P-values, the

bigger the significance of the corresponding coefficient.

The parameter estimates and the corresponding P-values

(Table 4) suggest that X2 (pH) and X3 (temperature) have a

significant effect on PLA-degrading enzyme production.

The negative coefficients for X1 and X2 indicate a linear

effect to decrease PLA-degrading enzyme production. The

quadric term of these three variables also had a significant

effect at the 95% confidence level. In this case, X1X2, X1

2,

X2

2, X3

2 were significant model terms, respectively.

Observed and Predicted PLA-Degrading Activity

It is very possible that a model that fits well in the region

of the original data will no longer fit well outside the

region. Fig. 1 demonstrates actual PLA-degrading activity

from the experimental design versus the predicted activity

from the empirical model, Eq. (4). The figure proves that

the predicted data of the response from the experimental

model are in agreement with the observed ones in the

range of the operating variables.

Localization of Optimum Condition

From the three dimensional response surface plots and the

corresponding contour plots, the optimal values of the

independent variables could be observed. Fig. 2A depicts

the three-dimensional plot and its corresponding contour

plot, showing the effects of temperature and pH on PLA-

degrading enzyme production, while aeration rate was

fixed at its middle level (0.5 vvm). The optimal ranges of

temperature and pH values for the enzyme production

were 45-46.5oC and 6.8-7, respectively. The maximum

predicted PLA-degrading activity of 251.7 U/ml was obtained.

In this situation, the optimum conditions of temperature

and pH in the uncoded unit were 46oC and 6.8,

respectively. Fig. 2B present the three-dimensional plot

and its corresponding contour plot showing the effects of

temperature and aeration rate on the PLA-degrading enzyme

production, while pH was fixed at its center point (7.0).

The optimal ranges of temperature and aeration values for

the enzyme production were 45-46.5oC and 0.4-0.5 vvm,

respectively. The maximum predicted PLA-degrading

activity of 248.2 U/ml was achieved. In this situation, the

optimum conditions of temperature and aeration value in

the uncoded unit were 46oC and 0.43 vvm, respectively.

Fig. 2C shows the effects of pH and aeration rate on the

PLA-degrading enzyme production, while the temperature

was fixed at its center level (45oC). The predicted maximum

PLA-degrading activity of 252.1 U/ml was achieved when the

pH and aeration rate were 6.8 vvm and 0.43 vvm, respectively.

Acidic and alkaline pH values led to a drop in the

maximum enzyme activity. The results indicated that

Table 3. Analysis of variance (ANOVA) for the model regression
representing PLA-degrading enzyme activity.

Source SS DF MS F P-value

Model 168,938.1 9 18,770.91 7.353 0.000

Residual 61,265.44 24 2,552.727

Total 230,203.6 33

R
2

= 0.734; R = 0.857; SS, sum of squares; DF, degrees of freedom; MS,

mean square; significance level = 95%.

Table 4. Results of regression analysis of the central composite
design.

Term Coefficient t-Statistic Sig.

(Constant) 246.762 11.988 .000

X1 -11.834 -1.224 .233

X2 -21.832 -2.257 .033

X3 21.080 2.180 .039

X1X2 29.544 2.339 .028

X1X3 -.819 -.065 .949

X2X3 -12.831 -1.016 .320

X1

2 -39.836 -3.739 .001

X2

2 -42.316 -3.971 .001

X3

2 -68.588 -6.437 .000

Fig. 1. Observed PLA-degrading activity vs. predicted PLA-
degrading activity under optimum fermentation conditions.
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A. keratinilytica strain T16-1 could grow well and produce

the enzyme at neutral pH (6.8). The effects of pH and

temperature on the production of enzyme protease by

Bacillus subtilis PCSIR EA-3 were investigated by Qadar

et al. [10] who showed the maximum protease activity at

pH 7.0. Recent study on the production of PLA-degrading

enzyme by Amycolatopsis orientalis in a 5 l fermenter was

also investigated with the initial pH of 7.0, and the enzyme

activity of 550 Total organic carbon formation: mg/l was

obtained [5]. At aeration rate apart from the optimal range,

the enzyme activity was reduced, because lower and higher

aeration rates are inappropriate for the enzyme production.

The rate of oxygen transfer plays an important role in overall

microbial metabolism, and different microorganisms behave

diversely in dissimilar conditions of oxygen supply [12].

However, the maximum PLA-degrading activity was

obtained when the strain was cultured at 46oC for 3 days.

This result might be an affect of the stability of the enzyme

at higher optimum temperature during the fermentation

process. Alkaline protease production using rice bran as

Fig. 2. Response surface and contour plots described by the model, representing PLA-degrading enzyme activity (U/ml) as a function of
aeration rate, pH value, and temperature. 
The combined effects of pH and temperature with constant aeration rate of 0.43 vvm (A); aeration rate and temperature with constant pH 6.8 (B); and pH and

aeration rate with constant temperature at 46
o
C (C).
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substrate by Bacillus sp. was decreased when the temperature

was increased up to 60oC [9].

Validation of the Model

The statistical optimal values of variables were investigated

when considered carefully that the major and minor axis of

the response and contour plots at the center point yielded

maximum PLA-degrading enzyme production. A repeat

fermentation of PLA-degrading enzyme by A. keratinilytica

strain T16-1 under optimal conditions was carried out for

verification of the optimization. The maximal PLA-degrading

activity obtained was 257 U/ml, with predicted as 254 U/ml,

at aeration rate 0.43 vvm, pH 6.8, and 46oC after 3 days of

cultivation (Fig. 2). For un-optimized PLA-degrading enzyme

production in the 3 l airlift fermenter at aeration rate 0.5 vvm,

initial pH 7.0 (un-controlled), and temperature 50oC, the

maximum activity of 150 U/ml was achieved [14].

Model Adequacy Checking

Normally, the fitted model should be checked to ensure

that it furnishes an adequate estimation to the real system.

Besides the model demonstrating an adequate fit, proceeding

with the investigation and optimization of the fitted

response surface likely give poor or fallacious results. The

residuals from the least squares fit play an important role

in decision of model adequacy [8]. Fig. 3 presents a plot of

the residuals and the predicted response. The general

impression is that the residuals scatter randomly on the

display, suggesting that the variance of the original

observation is constant for all values of Y. The graphs as

shown in Fig. 3 is sufficient, and thus it should be

concluded that the empirical model is adequate to explain

the PLA-degrading activity by the response surface method.

Development of PLA-Degrading Enzyme Production

by Strain T16-1

Development of the fermentation process of PLA-degrading

enzyme production by strain T16-1 is summarized in Table 5.

Yeast extract was used as the organic nitrogen source for

un-optimized medium. The enzyme activity of 22 U/ml

was obtained. The optimization of medium composition by

using CCD in shake flasks was achieved with the

concentration of 0.035% (w/v) PLA film and 0.24% (w/v)

gelatin, with 45 U/ml of enzyme activity. The statistical

model was validated in a 3 l airlift fermenter using optimized

medium under the condition of aeration rate of 0.5 vvm,

Fig. 3. Plot of internally studentized residuals vs. predicted
response.

Table 5. Summary of improvement of the fermentation process for PLA-degrading enzyme production by A. keratinilytica strain T16-1.

Step Method Condition
Enzyme 

activity (U/ml)
References

1 Un-optimized medium/condition 0.1% PLA film, 0.1% (w/v) yeast extract 22 [14]

2
Optimization of medium composition 
using CCD in shake flasks

0.035% (w/v) PLA film, 0.24% (w/v) gelatin 45 [14]

3
Validation of the model in 3 l 
airlift fermenter 

0.035% (w/v) PLA film, 0.24% (w/v) gelatin,
aeration rate of 0.5 vvm, initial pH 7.0 
(uncontrolled), temperature at 50oC

150 [14]

4
Optimization of physical factors using
CCD in 3 l airlift fermenter

0.035% (w/v) PLA powder, 0.24% (w/v) 
gelatin, aeration rate of 0.43 vvm, pH 6.8 
(controlled), temperature at 46

o
C

257 This study

Fig. 4. Absorption activities of the crude PLA-degrading enzyme
on PLA powder at 60oC. 
(◆) 0 mg/l, (■ ) 2,000 mg/l, and (▲) 4,000 mg/l of PLA powder.
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initial pH 7.0 (un-controlled), and temperature at 50oC.

The enzyme activity increased up to 150 U/ml under this

condition. At the last step, optimization of physical factors

affecting PLA-degrading enzyme production by strain

T16-1 using the statistical method in a 3 l airlift fermenter

was investigated. The maximum enzyme activity was

257 U/ml at the condition of aeration rate of 0.43 vvm, pH

6.8, and temperature at 46oC. The production under the

optimized condition in airlift fermenter was higher than the

un-optimized condition by 1.7 folds and 12 folds with un-

optimized medium or condition in shake flasks. The

feasibility for industrial scale of PLA-degrading enzyme

production needs to be examined.

Degradation Ability of PLA-Degrading Enzyme from

Strain T16-1

The degradation ability of crude PLA-degrading enzyme

was conducted at 60oC with the amount of 2,000 and

4,000 mg/l of PLA powder suspended in Tris-HCl buffer

(pH 9.0), which is the optimal condition of enzyme activity

[14]. The reaction showed that the enzyme was adsorbed

with PLA power, as the remained activity decreased when

the PLA powder was increased, compared with the

reaction without PLA powder. Enzyme adsorbed on the

substrate particle, and degraded and released the products,

measured as liberated lactic acid and other oligomers (Fig. 4

and 5). After incubation of 2,000 mg/l L-PLA powder for

2 h, 200 mg/l of L-lactic acid and 50 mg/l of oligomers

were obtained (Fig. 5B). A higher degradation product

concentration was observed after 8 h incubation with

production of 540 mg/l L-lactic acid and 130 mg/l oligomers.

Increasing the concentration of L-PLA powder increased

the degradation products, as shown in Fig. 5C. Almost

800 mg/l L-lactic acid and 500 mg/l oligomers were

obtained after 8 h of incubation from 4,000 mg/l of L-PLA

powder. A higher yield of the overall degradation products,

including oligomers and L-lactic acid, was obtained by

increasing incubation time. PLA-degrading enzyme produced

by A. keratinilytica strain T16-1 has a potential to degrade

L-PLA powder with approximately 40% weight loss at

4 days incubation, as shown in Fig. 6. This indicates that

PLA-degrading enzyme has a potential to recycle disposal

PLA by enzymatic degradation to the monomer as lactic

acid and small oligomers, which will be able to be used as

raw materials for re-polymerization of PLA. This can thus

reduce the cost of biodegradable plastic production.

Fig. 5. Compositions of the L-lactic acid ( ) and lactide
oligomers ( ) during the degradation of PLA powder by
crude PLA-degrading enzyme of A. keratinilytica at 60

o
C.

PLA powder concentrations: 0 mg/l (A), 2,000 mg/l (B), and 4,000 mg/l

(C). The enzyme activity of each reaction was 55 U/ml.

Fig. 6. Degradation of PLA powder by using PLA-degrading
enzyme produced by A. keratinilytica T16-1 in reaction mixture
containing Tris-HCl, pH 9.0, at 60oC.
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