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Kasidis Soonthrapirakkool 2010: Design of Experiments for a Biodegradation Study
using Microorganism of Bioplastics Prepared from Rice Starch/Low Density
Polyethylene Blend. Master of Engineering (Industrial Engineering), Major Field:
Industrial Engineering, Department of Industrial Engineering. Thesis Advisor:

Mr. Chuckaphun Aramphongphun, Ph.D. 113 pages.

This research work studies a biodegradation of bioplastics prepared by blending rice
starch and low density Polyethylene (LDPE) in the percentage ratio of 70/30 and 100/0 by
weight. The biodegradation of the bioplastics was tested by using the pure culture of bacterias
such as Bacillus cereus and Bacillus subtilis and the pure culture of molds such as Trichoderma
longibrachiatum and Trichoderma harzianum. These microorganisms are major groups
commonly found in soil. To test the biodegradation, an elemental analysis of the reduced carbon

and weight loss of the bioplastics were monitored at 10, 20, and 30 days.

According to the analysis of 2’ Full Factorial Experiments using Analysis of Variance
(ANOVA), it was found that (1) the microorganism could degrade the bioplastic with 100% rice
starch better than that with 70% rice starch, (2) Trichoderma sp. could degrade the bioplastics
better than Bacillus sp. and (3) single specie of the microorganism had better biodegradation

than dual species of the microorganism.
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Properties LDPE LLDPE HDPE
Density (g/cm’) 0.92 0.94 0.96
Tensile strength (Mpa) 10 10 28
Elongation at break (%) 450 700 500
Hardness (Shor D) 45 55 65
Softening point Vicat C) 95 - 120

N: 1937y (2547)

H“ueLvie): LDPE = Low Density Polyethylene, LLDPE = Linear Low Density Polyethylene,

HDPE = High Density Polyethylene
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2. 90nULUUMINAaDIN 19NAa0d (Form Initial Model)

3. NAAOUANINADA (Perform Statistical Testing)

4. YSUMAN VOV UMINAADY (Refine Model)

5. ARTITHMeADA (Analyze Residual)

6. ANNUAIMNNEDA (Interpret Results)
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A:ﬁ[a+ab+ac+abc—b—c—bc—(1)]
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answasau 3 ilade Ao ABC

ABC :ﬁ[abc—(1)+a+b—ac—bc—ab]
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¢ + - - + + - - +
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be + - + - + - + -
abe + + + + + + + +
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Source  Sum of squares (SS) Degree of freedom (df) Mean Squares (MS) F,
A SS, a-1 MS, MS,/MS,
B SS, b-1 MS, MS,/MS,
C SS, c-1 MS. MS/MS,
AB SS.s (a-D(b-1) MS,, MS,,/MS,
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Total SS. aben-1

nn: Montgomery (2005)
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asa = y & a av¢ .
4. ITMIAIBUNANFOYAUNIE (Inoculum preparation)

4
4.1 193801413 Potato Dextrose Agar (PDA) S M5 LIWIZIAE951

HUATS 200 PV
Dextrose 20 N5

Au 20 nSu

oy Q'/ =) an
1nNau 1,000 3Naaans
pH 5.6

Y
4.2 1@T8NDIYT5 Nutrient Agar (NA) 115U IZIa0UANIT Y

Beef extract 3 by
Peptone 5 NI

ol 15 AU
hindy 1,000 Naaans
pH 7.0

% a =

o dy dy dy 9 9 =& Y] A =
m%m%iummsmmwam&wmmmmwu"1@1/1 QUWNN 121.5 DIALFAUFIT UIU 15 1N
dsl S A
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4

dy Y a dy . . Y Aa = a A Y
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mwdi 16 §ovle5ou (Oven)

6. mﬁﬁm‘immq?mﬂ%‘z‘i (Enumeration of Microorganisms)
a a va v o a { <3| 2 o
9831 §iiams 2548) matiuswugaunsdnlfiunduFesududmsy
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6.1.2 1909 ALATANUTUVDAUFD 109D 6.1.1 arerinauilaoaido

v o

A o A A o Y v o A A ~ A W 9 A
Mooz N IEi uTINLLANS Y nTAMTHUTIUIULUANIG 3N 1FA1URD
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v o

' o 4 5 =) 6 o o a ~
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dy A 2 o 1 g} 0‘/ dy a
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NG NALINMAT 04 AunaRaUINAIEIADY M Mann
YT NI RV TANI b ANuiTed Ay
(d.f) (SS) (MS) F-Value P-Value
A 1 497.20 497.20 113.57 0.01 T CLALTY
B 1 54.20 54.20 12.56 0.07
C 1 80.90 80.90 17.38 0.06
AB 1 2.00 2.00 45.30 0.09
AC 1 2.40 2.40 52.84 0.09
BC 1 2.30 2.30 51.45 0.09
ABC 1 0.00 0.00 0.00 0.99
Error 16 1892.20 1183
Total 23 2531.30

S =10.8748 R-Sq =25.25% R-Sq(adj) = 0.00%
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C 1 113.20 113.20 4.18 0.25
AB 1 13.5 13.5 6.21 0.24
AC 1 5.70 5.70 2.62 0.35
BC 1 23.50 23.50 10.81 0.19
ABC 1 2.20 2.20 0.01 0.91
Error 16 2943.30 184.00
Total 23 3443.70
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(d.f) (SS) MS) F-Value P-Value
A 1 792.00 792.00 18.83 0.13
B 1 62.00 62.00 5.18 0.22
C 1 225.80 225.80 4.48 0.22
AB 1 2.10 2.10 3.86 0.30
AC 1 40.50 40.50 75.48 0.07
BC 1 10.40 10.40 19.44 0.14
ABC 1 0.50 0.50 0.00 0.98
Error 16 6971.60 435.70
Total 23 8105.00
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AOUTUDUNAY e S TCATCR Gl
AB
70% * LUATNITY 6.752 2.89
100% * uuAN3e 16.44 2.89
70% * 91 10.34 2.89
100% * 91 18.86 2.89
AC
70% * A1eWUT A0 10.69 2.89
100% *eewugIae, 19.17 2.89
70% * HErNADIEIOWUT 6.40 2.89
100% * WAUADIAOWUT 16.13 2.89
BC
nuailise * eesiugife, 13.74 2.89
1% eugiAe, 16.13 2.89
uuAfiSe * nauaoIEUT 9.45 2.89
371 * wAVARIAOWUT 13.08 2.89
ABC
70% * wuAise * Mowuf@aen 9.17 4.08
100% * uuAfiae * aoWugiAe) 18.313 4.08
70% * 51* AoWuURAe) 12.22 4.08
100% * 51 * MeWugIfe) 20.03 4.08
70% * uUARGE * HEUAR AW 433 4.08
100% * HUATIS o * HErudOIeBTUT 14.56 4.08
70% * 51* HErNAOIEBNUT 8.46 4.08

E]

100% * 51 *WEANAOIE 1IN T 17.69 4.08
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ABUAUBUNAY mae ABUAUDUNAY

AB
70% * uANISY 16.36 5.54
100% * uuANFe 21.33 5.54
70% * 31 18.62 5.54
100% * 31 26.72 5.54

AC
70% * A1eNUT A 19.24 5.54
100% *aeWugiAe, 26.69 5.54
70% * aoWURHaL 15.87 5.54
100% * EeWugHa 21.37 5.54
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1% euBIAg, 25.90 5.54
uuaiiise * eeiuiHay 17.66 5.54
1% EeWUFHAY 19.57 5.54
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70% * LUATIG e * aoWugAe) 17.35 7.83
100% * LUATGe * aoWugAe) 22.70 7.83
70% * 51 * AeNUTIA) 21.12 7.83
100% * 51 * MeWugIne) 30.67 7.83
70% * LUATISY * HEANADIA1BWUT 15.36 7.83
100% * HUATIG 0 * HEANADIA1BTUT 19.96 7.83
70% * 51 * WANTOITONUT 16.37 7.83

E]

100% * 51 *WANADIA 1N T 22.77 7.83
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AB
70% * LUANITY 24.72 8.52
100% * AN Y 35.62 8.52
70% * 31 27.35 8.52
100% * 91 39.42 8.52

AC
70% * OWURAS) 27.80 8.52
100% *eeiugiAe, 41.89 8.52
70% * EeNUTHaL 24.26 8.52
100% * eeusHay 33.16 8.52
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51 % aMeWuRAe 37.11 8.52
uuafiise * meuinay 27.76 8.52
1 * EeWUFHa 29.66 8.52

ABC
70% * nuAiie * aoRugiAe) 25.68 12.05
100% * LuATice * aeugAe) 39.48 12.05
70% * 51* AoWugiAe) 29.92 12.05
100% * 51* neWugiAe 44.30 12.05
70% * UUARISY * NANADIEEWUT 23.76 12.05
100% * 1uARISY * nENaDIEEWUT 31.76 12.05
70% * 371 * NANADIAWWUT 24.77 12.05

E]
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100% * 51 *WANADIA1ONUT 34.55 12.05
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