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Evaluation of Plant-based Plastic Poly(L-lactide) Containers

— Measurement of Biodegradability by Microbial Oxidative Degradation Analyzer
(MODA), Outdoor Exposure, Degradation in Home Garbage Disposal Machines and
Influence of Household Garbage Compost including the Containers on Young Plant. —

Taisuke Kasetani, Tooru Takahashi, Takako Goto*, Hiroaki Sugioka** and Takuro [to**

Microbial Oxidative Degradation Analyzer (MODA) was used to determine biodegradability of prototype contain-
ers of poly (L-actide) (PLLA) manufactured by Toyo Seikan Kaisha Ltd. As a result, all prototype containers demon-
strated biodegradability (70~80%) in compost under aerobic condition, but it was slightly low compared with its
material, PLLA pellet.

A prototype container, transparent square (TS) bottle did not deform and degrade by exposing to outdoor envi-
ronment (under the sun, soaked in pond (light or dark condition), buried in soil) for one year. But the bottles
exposed to light condition lost 10% of their Molecular Weight (MW) and sunlight-exposed one lost transparency and
became white.

Two types of commercial home garbage disposal machine (GD) were used to trace changes of PLLA bottles dur-
ing composting process of garbage. Pieces of TS bottle were almost not degraded in bioprocessor type GD which kept
household garbage compost (HGC) warm (less than 40T ). But, both whole TS bottle and white cylinder (WC) bot-
tle were quickly degraded in high temperature bioprocessor type GD that repeated heat (80T or more) and agitate
HGC (Four hr. at a time), and PLLA of both bottles lost almost 90% of MW after 20 times process (ca. 80 hr. as accu-
mulative time).

When HGC prepared by the high temperature GD mixed with bark compost and fully matured, though including
decomposed matter of the degraded WC bottle. germination of Komatsuna (Japanese mustard spinach) was not
inhibited and the intial growth was promoted.

Key words : plastic, poly (L-lactide), biodegradation. container, MODA, microbial oxidative degradation analyzer, com-
post, outdoor exposure, home garbage disposal machine, Komatsuna, germination test
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1. MEBRUHREE
1-1 #HSEESLUDSE

iy pE AL IR E R ) L-7L8E (PLL
LLC, NatureWorks"PLA 4032D) ’E‘f,U”L. ol HUE
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(NatureWorks

Test Samples

Samples

Characters

PLLA Pellets

Main material of all prototype containers. a kind of plant-based plastic poly(L-lactide).

Preform
(transparent)

F|dllt.m,d bottle
(transparent)

150ml vol.,
above.

Flattened bottle
(hrown)

A plastic test tube shaped part produced by injection molding in the first step of produc-
tion of the flattened bottle below.

flattened and oval shaped. formed by stretch blow molding of the preform

Almost same as above, but brown-colored with inorganic pigment.

Square bottle

9
(transparent) 200ml vol.,

square column shaped and wide mouth, formed by stretch blow molding.

Cylinder bottle
l\\ I1||:.)

200ml vol.,

S:. rew ( 4|)

th‘Li

f,dp or lh-: thndm bollIL same as dhu\t

cylindrical shaped. wide mouth and white colored with inorganic pigment,
Inrlm.u.l b\ s[rcluh hl(m mnldm"

Shrlnk Iabcl Inr lhe Cyllndcr bmllc same as ah(wc.

1-2 E5@ElleREE (MODA)

Heor MR REINE (2L, BE AL 0 i GE 2 (MODA:
Microbial Oxidative Degradation Analyzer, /NI
A&t 1) W (Fig ).

FUSHETHWA I RA ML, BEBLUEOZHE
DOBERE 2 2T 5 F THERE, ML -EH 2 >R A b
(YK-3BLUYK-5, AWEwiER) M7z GEdlE
[2-1-2 MODAREEH 2 KA b (KR oo
ISR L 7=,

((F 1) AL, fIMshzsmcBdsayHA M
PHIET L O biRFETERANEL, HvET5
BGO51 L X DG 5liT2 b DO TH S

S OFFHili A A, JIS/K6953 (ISO 14855)
[F9AFv 7 — HHlsa B R MLELETD
ISR 2 2 45 TR HE B O B IE oo 3R oy ) 4
AL FROWEIC L B Hik] 1Sl <0, B

All containers manufactured by Toyo Seikan Kaisha Lid.

Fig.1

Microbial Oxidative Degradation Analyzer (MODA)
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2. ERAFE
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HSREORMEIZIE, PLLABEXL Yy k, 71 74—
A, REFEMV GEW), RERMV (Bf) 3IULE
KM vEEw, UToREEZ{T-7.
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B EehT 5 T CHR, BBELAYK-3LYK-5Hw
77, YK-3ZPLLA#IEXLV Y b, 7V 724+ —A, RER
P GEB), RPERMV (/) 2, YK-5EARE F

WAZH W45, #EOWERIZI3H{H3%E (Pre-incubation)

% GE2) ZEHLZY. WFRLLMODADEEIZH S

T, 1XH47-960g dry%, iR (20~35mesh) 320g& i

AL THWA.

(FE2) Wi ER, FCAEZRTT, HHEE@ESME
BT I AFy s RERESIC, #HT 50
YHRA L LEfFEoKERE LCbDE AR, HIE
METHLH58+ 2 CT1HAMBERZETSLLOT
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i M f A P ASTE ML 5 5.

2-1-3 MODAICKDEFBEORE
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35mesh) 320g% X {IBAL, RIoHERICTHE L. EiE

IZPEV, FOY—F 54 ATCOXBRELAEZAE, INE

DIDITAMIZE L TH S, 58+ 2 IR LK
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D, £ LCO0EZHE L. RBREXOREAECO:M& D
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RHLZ., 2618, Ao FR L )iElhh 28GRIk
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L7z
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EMBEHEL, TEREGTFEOE(LEFBE L. FMHEUT
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*de s 340%495727.425%0 (34.824285), H#E 135BE2447

3.449% (135.400958), WGS841Z X % JERE.

BHEXT @ FEEmfEmE LICAROGEZ ), 2
AREFTHELE., BAhoRidshivLI1g,
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Oz, Z&HFTERToORE L. —HEEERD
HOMWEIZDTENYA2 L9120, b9 —#HiE
HEHIScmx EEH 2moE{LE = VvE oI El s
D TER L 7.

TriBER L HAN L S MES LV, R LEEO L%
EIRL, FEEH10emiT 2 RAHE X (ZHEE L, 2
OFE, HaRICHFE AR L.

2-2-2 MREARROFHE

EAABRBICIRE LT, Kok, s, BEE

EL, SHEEEE L.

F72, 10mgzxHiff, 7 ookia (CHCL) (ZiERE,
045um7 4 V¥ —TiiBL, #— Fh 74 ETSKgel-
superHM-HZ¥F LAy vz o< 757 (GPC)
IR0 ul ZEHEALT, STREME L. MESRMFR
A 7 AiRE4A0T, BB EECHCE, #%0.6 ml/mink L,
UVHH 3 Tl L7z,

2 -3 £THUIRHIC KBPLLABBESROZL
2-3-1 EFINECH

KRGO 28H L, —HRKEVETAHA (4 AR
i 1 B h o IHMKS X UHLE) OE7F NV E2E
WL, WfREAMTR P VAR E & IR A L
(Table2). EPR-UI5BOERIZIEMARED —MEHEH
L EhaAhkoft%, BGD-X1508 £ 'BGD-X1800 %
Blcizy~Aa¥ey Iz, BAREHERE L.
72, AR EROBETAFTEZLOLHEHERL,
HhEIFA4TEEIL, —BHICI VT 2 —ERERENV
PR A A TERAEH W, 2, o RAFOREICE
5T, ARZHEMKEL, drVIEEEEICGFTLARE
DORUEE LT,

Table2 Model of ordinary Household Garbage (g)

Radish 160 / 80| Ground beef and pork*® 80/ 40

Cabbage 150 / 75 *beef : pork =7 :3

Carrot 100 / 50| Fresh fish** 100 / 50

Onion 100/ - **anchovy or pacific sand lance

Apple -/ 50

Vegetable material 510 / 255 || Animal material 180 / 90
Total 690 / 345

2-3-2 4£THNEBICKLDNE

HZ [ 7Y#AL v (EPR-UISB) ] THRK bV
AL, FROVEDS LU TRICOWTERFZILE B
2L, FHl L7, RERFIMGETC, BB EEROMENEHS
(GOC-F6) 12LICEFNVETHhEHEAL, 2V ERA M E
FELTHS, ABE PVEDOL, FHIE, W, KB
ST M em AR EIZUIE LA 2R A L7, EEARmIC
1 HI1REEFVEZA690g% A LoD, difiEiElL,
M OELEBREL.
MEMBEORY [FvyF =Y v s (BGD-X150 /
180) | T, AELRK MV, ABFR M VEFMLA. AEER
FILELZIIABE PV ED T F K FVIBIK TR EM
BG-CX20& & H TR A L7z, EF VA THIT IR D345g
EL, 1HIC1IEBEA, 80T -4 KR, ME#EEDEMFT
EEEEL, K voZ{brEsE L.

2-3-3 4CHNIBHHERGOTM
EPR-UISBTHREB L - AEA bV RBA &, SERE
%, Ak, ERLTHREL LA BIEMICHBLEROZE
{LZ2BEL, REABOAGTENEICHL 2.

s A OBGD-X150% 72 13BGD-X180 Ttk L 72

ARGE bV EAER b vid, EHOME - BIPLE TS
i THML, KEZBELL. IL-—B0oM%25TF
FWE ML

2-3-4 HFEATE

EPR-UI15BIC £ 2 M &K bV id20m B R R %,
BGD-X15012 & % ALK K b v iZ LR 4 [14EC —&B % $REL
L, Eig2-2-2tALAETGPCICE DML . &
2L, BI#EIEGPCIC5 A T A% #EFL, ARMEHL00 x
Z 10 ml/minTHL L 7=,

2 -4 4£THWBHETHANULPLLASEHBOFM

RN [FyF <Yy 7 (BGD-X180) | TH
fEsht:, PLLABGRODMRERDEELETAITIVHFEX b
A5, WA L TREEERIZTHhEI PG L.

RO MED R E AR, Z0#%5 HET7RETF VA
THEHALIVRR Mg L, 1 E KB L
HEEK ML (KK, A2V a—Fxv s, Ya)rs75~
N, &5 A%-130g) AL, UBEEFTVETHAE 1H
2 [\, EAICS0EEA L TR EE, K MVIETE %
BEALBRBTELRL Lo BB THETARAERT L
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Fig.2 Biodegradability of PLLA samples
PLLA Pellets, Preform, Flattened bottle and Flattened bottle (brown)
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Fig.3

Biodegradability of PLLA "Cylinder bottle”

The bottle includes screw cap and shrink label.
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Control
(Not exposed)

Exposed to
the Sun

Fig.4 PLLA

“Square bottles”,

Soaked in pond
(light)

Soaked in pond Buried in soil

(dark)

exposed to various conditions for one year.
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Fig.5 Weight and Molecular Weight of PLLA “Square bottles™ after exposed to various condition for one year.
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Fig.6 Pieces of PLLA "Square bottles”

100% QHOHA-O—0

processed 38 days by home garbage disposal machine (EPR-U15B, Toshiba).
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Fig.7 Residual weight of test pieces of PLLA “Square bottle” processed
by a home garbage disposal machine (EPR-U15B, Toshiba)
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Fig.8 PLLA "Square bottle” processed by home garbage disposal machine (BGD-X150. Hitachi).
Left : 3times (ca. 12 hr.), Right : Ttimes (ca. 28 hr.) processed (80C - 4hr. at a time)
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Fig.8 Gel permeation chromatogram of PLLA “Square bottle™ 20 times (ca. 80 hr.) processed
by home garbage disposal machine (BGD-X150, Hitachi).
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10 times — ca. 40 hr. 15 times — ca. 60 hr. 20 times; ca. 80 hr.
Fig.10 Deformation and degradation of PLLA “Cylinder bottle”™ processed
by home garbage disposal machine (BGD-X180, Hitachi). 80T - ca. 4 hr. at a time.
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Fig.11  Gel Permeation Chromatogram of PLLA “Cylinder bottle” processed
by home garbage disposal machine (BGD-X180, Hitachi). 80T - ca. 4 hr. at a time.
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Fig.12 Loss of Molecular Weight of PLLA "Cylinder bottle” processed
by home garbage disposal machine (BGD-X180, Hitachi).
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EEG IR X B L, WIS X S IR 4. PLLAKIBERHRZSVE T HUIBHHEEDIEM DR E
PLLADYAL & 0K & COAND A, £k 5 12T S HMLEEE (BGD-X180) 2% ZHENE 2 fi (L% oK
LTw20h, #ETLTUAHEOIILES 2od, B MV 5ARSG GH30gifhn, RN 2 Hvads, £
MAMEDHITORLDEL DD, vkl iizo HEORMEAMIKTHS 2d, BAERAHICETR
W, ETAUIIE 20 F WA EBRTIEIMEAN % Bacillus sp.OTEE D707, BN OpHIE 4 & JE512

METHY, SHROMFEETS. K<, Bkt o=y FICH L THENTH 72 (57
Vb, @i s R ea v RA MBRBEITKECOAZET  —F KRB, 22C, Lo ETHASE, HiEa<
SERIZEDMEEINE Z LD o TWBHEER P LiZon VO A 1T /2.

T, TROFEE L Z AP RN TR 1L & A8 LAsiE ZOME, PLLABRERD Ao THi W TR TR

T35 L, ThbbiliMEEBIREEHVLZLI2L-T, FWDTIFPIIKTLTWELOD, PLLARBROGENS
RRIEL WA EOKEIZBWTT T AF v 7 R0 - HENEClE ok E 4 R L33 %55 L (Table 3), i
Frin w {HIRALHL T X B0 EetEA R S, ME S o=y FORFICERERE5 2 LW LATRENE.

Table3 Germination of Komatsuna Seeds (Six days after sowing. 40 Seeds sowed each in Petri Dish)

Number of germinated seeds i

Rate of germination (%)

Control (Water) 39, 39, 39 } 975
Hot Water Extract of
Household Garbage Compost (HGC) 87,.37.39 ' &
HGC include 130g of PLLA bottles 39, 39, 39 97.5

Ji, WMEROERBZEEDORITIEL A, T AR E LD, 20EBEHLTHIT, HhIZEEIns
AHELK AT FN G, B THEO 250 1, W8T PLLAB X O°Z 050 %2 i 1 iH L 2B 6 20
LA lSHDERZRLTED, BHMREHL2bDLE EEERITTEEZEDOTELS, EHRELTHSTH
Z b, BHRENTMICPLLAR S 2 S0 TH 3 HE#EZBNL (Tabled, Fig.13).

Tabled Relative Growth of Komatsuna Seedlings (Six days after sowing, 40 Seeds sowed each in Petri Dish)

Length of plants (cm) Relative arowth (%)
Aerial Subterra- Aerial . Subterra-
part nean part | part nean part
Control (Water) 1.59 = 0.30 4.24 = 1.62 100 100
Hol Water Extract of ' .:
Household garbage compost (HGC) 3.83 = 0.67 6.90 = 141 236 162
HGC include 130g of PLLA bottles 3.61 = 0.56 6.55 + 1.683 | 227 154

Control Household garbage compost HGC include 130g of PLLA
(Water) (HGC) "Cylinder bottle”

Fig.13 Komatsuna Seedlings grown on hot water extract of the compost
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FEH

HOEREERASAE L 2R ) FLEE (PLLA) #* %0 &
T 5K PUVELRIZOWT, ISO 14855 part 2 (ZHEHMLL 7=
L EEAL s M EREE (MODA) T, WAL a »F A
FEREEP T4 M AN E LR, Tolsh.
(1) JEFEOPLLABHR A & U CIh#l % 380 L COFf ek
L7277+ —ADEGREIZVTNLIZIT100%T, 4
SR TR & BRI X o> TIRTF L& v, (2)
AN T O — O A R R by GEIH) o0 A 25 i 1 1
80%IZHE F L, FM#SMLIcEab iR shs. (3)
ERRER T LR TR bV () o450 1EE1270%
T, EIAESSEIZIN A T, BRI S 2o B Y & o
b LSz, (1) FEEO fETRESG L2 b
Vo (Fifa) OESREIED % & H85%ITE L 7.

ML L SIEGHENMKT T 2000, ISOIZED S
N7260%2 Mz TE Y, Wl L XLl 7 8 — 7R
DWTIHMEIZ GRS B Z LSO L. 209 b,
AMAR P AZoWTE, FrBltk, AN, Ao itEdiile
LN, BHAMICBWTHRMNMSE2EET 4R b
b,

EWN MK V2, HOETF, A0h (W, ip)., bk
b o) 4 R CHARREERI 1 EMEE L 2o, BT
DEBD. (1) WFhOLHTH, T EE, 4R
9, MELRIFLTBY, REEEE LTHr R AY
VhbHLboLEZLN (2) 72720, HEKOAILSE
AZHE L, SMEATEER AL L. (3) HOBIK &K
(Wr) XTiE, MAHEOE PV ELEL TH TP
10%CTF L7, (4) dok b KofEw 14+~ 2128
fit L Tz b T, LB L Lot

PLLAWEGYETIE D 5 A%, FEME ATEA @, il
WORNEE T, 52 RAES 2380 % £ EH DT,
Kbt (UVEHEE) PBRGTALORAKENTH -7, M
A s LTy, SRR TELVwI E
AT, WRAICEE L T ARSI S a v D
ETHD.

INHIBEOD T VR A P B L L il o 4k I AL B A
vy, PLLABBOETH T 2 E A Mo 2 <7
L, UTFoksh, (1) LTHAEAZL LM%
ik GOCHE) L7 yEoT7ESAFEAL TS, Hilim
Wi L 2w (40C Al 2 M) BREECTIk, iz <
T, Kozt s, (2) 80T - 4 K on
A & OSBRI 2 8 D SR BT, RS
WM B, (3) b - EAFRBEL0M ~ 1610 T #mm
DN RN L% b, (4) WBIEE L L 25 T1EL,
4 [ TH#50%, 8 [ THI25%, 20W (HRTSOMFH]) Hizix
FI0%ME T L, 2HUTER -7,

S AAPIRIC X BRI o R A PREETY, B
R 5% 30 & R, BE N £ = ADGFAEE T TR L,
[FIWFC A5 AR % 2 2 B ik i = AHib 2w
L, RS L v, EEEIRT XD 5 AR Ak
fIL, mm20% (#47) BIEICETETFLTHE, Wi

{LASHERT Lo 5. 70 T-RABUT BIEOPLLA RS 12
Hlhshal edh, BKHsFELABRIZAECOAFT
THEIN TSR H Y, HEOKRTT I AT v 2
WM % AL T & 2 AR ATR i/,

A - BERALAE A 4 5 4 ALK (BGD-X180) T
AL 2R PV R GLES AT YRR b EA—
ZHEMREIRA L, 28T - 5 MM, WFAMICHB s E7o#%,
Zo#RMN A a3~y FHFICRE L ofRE, BT
EBD, (1) a=vFHTFoORFIZELELS Z hho
oo (2) awyrEFoMERICERZRES AT,
HEL 7=,

HZTHRITRAMIEEFNLMAPLLAKR b VD53l
R, GHENTVE L EZSNHMEWIC X ACHEDIZ
LHEMBIRONT, PLLARSZUML 24E:THa >
RA ML, EIEARFNTRERIELZ LT, MOt ESY
et DA M RIA & b 2 Ldbhorz.

WEFRICERINIBEIZBICDI-THY, 25
FONE 2 WRT 5T B2 ER2LEEDH 505 il
Wi IR 2 SUR E LT, —EDMIEE LW AE, ok
iR AL, BEE L TOHERIEL IHELERITE
FoZ lid, FERRH S OEIZIT ZHiETH 5.
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