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Screening of polyethylene film-degrading bacteria from gut
microbiota of Galleria mellonella and Tenebrio molitor

HU Ya-Nan' HE Xu' YASEN-Shali' LUO Ming"'* ZHANG Yu-Hong®
ZHANG Shuai'

1 College of Agronomy, Xinjiang Agricultural University, Urumqi, Xinjiang 830052, China
2 Institute of Biotechnology Research, Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract: [Background] Polyethylene mulch film is widely used for agricultural production in China.
Because it is very difficult to be naturally degraded in the fields, it finally accumulates in the soil and
negatively affects the growth of crops and the ecological environment. Therefore, it is of great significance
to explore the microbial resources for biodegradation of such “white pollution”. [Objective] Bacteria were
isolated and screened from the intestinal flora of plastic-eating insects such as Galleria mellonella and
Tenebrio Molitor from different sources, and their degradation efficiency of agricultural plastic film was
characterized. [Methods| The larvae of Galleria mellonella and Tenebrio molitor were domesticated by
polyethylene membrane, and the bacteria with polyethylene as the sole carbon source were isolated from
intestinal bacteria by collecting intestinal fluid, enriching culture, co-metabolic domestication and
selecting culture medium. The strain was inoculated into the medium with polyethylene membrane as the
only carbon source for co-culture. The degradation effect of the strain on polyethylene mulch film was
evaluated by measuring cell growth, regularly detecting the weight loss rate of the film, combined with
high-resolution field emission scanning electron microscope observation, infrared scanning analysis and
determination of mechanical properties of the film. The strains with good degradability were identified by
16S rRNA gene amplification and sequence analysis. [Results] Most polyethylene-degrading bacteria were
isolated from the intestines of the indigenous Galleria mellonella in the honeybee hive in Xinjiang, and the
degradation efficiency of polyethylene was higher than that of the isolates from other sources. Three
strains XJDLM-3, XJDLM-8 and XJDLM-12, with high degradation ability were selected to grow using
polyethylene membrane. Scanning electron microscope observation showed that obvious erosion holes and
cracks appeared on the surface of degraded polyethylene film after 30 days, and the infrared scanning
pattern changed. The mechanical properties such as tensile strength, elongation at break and elastic
modulus decreased significantly, and the weight loss rate of polyethylene diaphragm reached 8.06%,
5.66% and 5.39%, respectively. A bacterial strain with good degradation effect was isolated from the
intestines of the native Galleria mellonella in the honeybee hive in Xinjiang. XJDLM-8 and XJDLM-12
were identified as Bacillus cereus, XJDLM-3 and Enterobacter bugandensis. [Conclusion] Strains were
isolated with high ability to degrade polyethylene in the intestines of the native Galleria mellonella in the
honeybee hive in Xinjiang, to provide the potential of development and application in the degradation of
polyethylene mulch film.

Keywords: Polyethylene, Microbial degradation, Plastic-eating insects, Gut microbiota
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oG SR IR IIDRL R A, e
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Sr AR R 27 AN BT A A AL R R 2= AR SE N D A R
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1.2 MEBRES B

TNy W (Tenebrio molitor), Frsm A K2F A 2= b
B U200 %0k PR S N T AR 35 #4h e
KUEWL (Galleria mellonella)R)HE . WK H PU)IEA
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BRAS N TR B I S, e R SR
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1.3 EFE. TERXFIFLE
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MnSO,-H,0 0.001, pH 7.2,

RS B (g/L): 4 WE 3.0, HIAH3.0,
B8 5.0, Ko;HPO4 0.7, KH,PO, 0.7, MgSO4-7H,0
0.7, NH4;NO; 1.0, NaCl 0.005, FeSO,47H,0 0.002,
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B b JC ML AR B 3R 2 (L)« K,HPO, 0.7,
CaCl-2H,0 0.7,KC1 0.5, MgSO,4-7H,0 0.7, NH;NO;
1.0, NaCl 0.005, ZnSO,-7H,0 0.002, MnSO4-H,0
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LB 55 5l(g/L): R 10.0, BEEHERY)
10.0, %Ak#h 5.0, pH 7.0,

S FHR ) Ak 2k Al [ 254 A 25\ 0y
HBRAT; dHE RN DNA $2BGAH &, 4T
EY TR BB AERAF . ML,
SHAF RSHEMEE, Hir A [FHf
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IR 0.5 h BHzh—x M,

RO R KA - W 2R S RS — 5
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B 1 250 mL —ffiffith, ETFEESRG T 30 °C.,
160 r/min & 4ERFF 3 d. FESERETCRRIETCHLER 55 77
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HEY PE MoK, 4 R U IE TR S R IG IR 5 mL A
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JE B 10 d % 5% Y4 B R — S SR ALLL PE
ME— TR A A SR S h R I, R
I 2
1.5 BZEMBEREND BIFIE

FEFE A TCATL R 15 77 5 TP A K TR AL B 2R 2
WA, IMARN 10 g/L, 45 LIS 20 hifE—Bik
TR TR AR . A BITE AR R TR AT R | B
¥y BB YR R 0.5 mL, FMREA A 5 AF
1A, 30 °C fHIRIEFRAR SR 5-7 do MU ETVE
AT . A R/AVEgIE S, PREGETEIRZ
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Kifatr.
162 EMEHRNRZHEHEHEER
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TG B K S 230 1 22 TR DA 2 B B 2 18 B 1)
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¥ 1.6.2 PRERLRT IR 30 d R IR B
e i 5, RIS & S B (RS S-570) 4R
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1.7.2  16S rRNA EEFIINER RHZE L E D

R I IESREMRAE LB AR FR3ER 28 °oC,
160 r/min 535 % ODgoo [HZ 0.8—1.0, F| A T 3L
21 DNA #2EUAG0 &I S DNA #H17 16S
rRNA B 1) PCR 473, 51¥ A 16S rRNA K&
(R 5 149 27F (5-CAGAGTTTGATCCTGGCT-3)
1 1492R (5'-AGGAGGTGATCCAGCCGCA-3'), H
FRFBER/IN 1 500 bp., PCR RWVAKZ(25 pl): Tag
DNA Master Mix 12.5 uL, [, TG 147(10 pmol/L)
4% 1 uL, DNA &4k 1 pL, ddH,0 9.5 pL. PCR Jx
N4 94 °C 5min; 94°C45s, 56°C45s, 72°C
1.5 min, 30 ME#H; 72 °C 7 min, 4 °C ¢, PCR
FHIZE 1% RENREER KA IS, 2% AR TAEY)
TARCEHE) By A PR W) 58 O E o DU 45 2R
BLAST F2¥ Y5 GenBank H ¥ 41 14 1A% 112 [F] U5
PELHEXT, AU LI 55 s 1) L R AR P51, A
Fi MEGA 7.0 B4R EE M R B LB W .

2 RS0
21 URZHBEPE)SE—RIENRERFEAR
B

REREFIE | by R IE O 0 48 AR R
B R AR E H & R, IR Lk
RIEERICHLER R IR P R AP SR IR, TR A e
PAZR 206 E— B IR A JE R LR B Ik B8R,
7-10 d FeA e B3R A R A [ BN
o MEHUARRDIEZ . R/h, Bl RIEDEH AR
TEIZFER ICHLER A A IR JE b R S A et , wiE
PReA K R o Rtk AR — 22 alifl, 3305 24 4
MR RR(R 1), 1F R MR T ) 07 46 128 BT
Bio RIS BT g0 L b 25 ORI TR AR 12 4,

x 1 URCHEAE—HRNERBEAEEROFETS
FHIE

Table 1 Morphological characteristics of the isolated
bacterial strains with polyethylene as sole carbon source
from the insects gut microbiota

LS RIS BUIE 3 G Jfa
Strain Morphology Edge Gram staining
HFC-1 Circle, White Wavy G
HFC-2 Oval, White Wavy G
HFC-3 Circle, White Serrated G*
HFC-4 Circle, White Wavy G
DLM-1 Circle, Off-white Serrated G*
DLM-2 Circle, Off-white Serrated G*
DLM-3 Circle, Off-white Serrated G
DLM-4 Circle, Milky Serrated G
XJDLM-1  Circle, Off-white Wavy G
XIDLM-2 Circle, Milky Wavy G
XJDLM-3 Circle, Light yellow Regular G
XJDLM-4 Circle, Light yellow Serrated G
XJDLM-5  Oval, Off-white Serrated G*
XJDLM-6  Circle, Light yellow Wavy G
XJDLM-7 Circle, Off-white Serrated G
XJDLM-8 Oval, Light yellow  Regular G°
XJDLM-9 Oval, Light yellow ~ Wavy G
XJDLM-10  Oval, Light yellow  Regular G°
XJDLM-11  Circle, Light yellow Regular G*
XJDLM-12  Oval, Light yellow  Regular G*
BLDLM-1 Circle, Light yellow  Wavy G
BLDLM-2  Circle, Light yellow Serrated G
BLDLM-3 Circle, Light yellow  Wavy G
BLDLM-4  Circle, Light yellow Serrated G

[E: HFC: AN THAZE#F A DLM: A TR R ; XIDLM:
i 514 IR, BLDLM: 3% 2% 5 kA R I,

Note: HFC: Tenebrio molitor reared artificially; DLM: Galleria
mellonella reared artificially; XJIDLM: Galleria mellonella from

beekeeping honeycomb in Xinjiang; BLDLM: Galleria mellonella
introduced from Poland.

A3 H A U TERE 4 1>, 4388 F DAk RIS I 74 7
PR 44, B B RS A TR AR 4 4
22 RZHBRERERTE

K453 B ARAT G LR 20 S W — i U5 1 B A
TE 20 A TR AR 2 S0 S A SR M T I A B
FEM P IERESR 5 d, WERCIBERREZR, V)
S TARRIM R RE 1, 25 R 2. AR
NRBOHEBREABEMWEERLREZSHE, 7
0.35%—1.80% 8], HAE 9 A EERA AR K FHR
KF 1%, ik i RIMHK A XIDLM-3 |
XIJDLM-8 ., XJDLM-12 kRt —205E
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*2 RZGREBERBVITGER
Table 2 The results of preliminary screening for
polyethylene degrading bacterial strains

7S REHR
Strain Weight loss rate (%)
HFC-1 0.68+0.02
HFC-2 1.58+0.11
HFC-3 1.06+0.24
HFC-4 0.35+0.12
DLM-1 1.24+0.16
DLM-2 1.15+0.15
DLM-3 0.75+0.25
DLM-4 0.98+0.11
XJDLM-2 0.35+0.12
XJDLM-3 1.68+0.22
XJDLM-4 0.84+0.25
XJDLM-5 0.52+0.09
XJDLM-6 0.86+0.27
XJDLM-7 0.64+0.12
XJDLM-8 1.77+0.11
XJDLM-9 0.84+0.11
XJDLM-10 0.68+0.18
XJDLM-11 1.10£0.31
XJDLM-12 1.80+0.16
BLDLM-1 1.12+0.20
BLDLM-3 0.41+0.07

2.3 BZIHMEBEEMRXT PE IR R BIPEEIERE
231 RBEBEKNERKEMNECHEEBRIHKER

WL R O R EAREE M XIDLM-3
XIDLM-8 . XJDLM-12 #ZF03| LLIE 471 Fr St —
WRIE RS R P AR 55, A 5IE 5. 10, 20 1
30 d AFEREFRIF AR KR, R ORI R
(2 FERAE (B 1) BRI BRIAT Y 2 22 55 (3R
3). #53E/R, XIDLM-8, XJDLM-3, XJDLM-12
3 DRERRBERI R SR VR I —meli AR, B
HALREFRAI A AE K, JE SR ARV ML, 30 d J5 ODgoo
ik 0.56. 0.46 F110.49, B2 H WHZ B %At
REHRHN 8.06%. 5.66%F1 5.39%, kK&
HROIGMREREIEME, H XIDLM-8 Fk
ORI IVG Bl 0] 3 S L E
232 MBBEHKSBEZHBRRFTEMUESRL
B B R 20

3 K ST T I R UL A L R

10} - XJDLM-3 ——XJDLM-3 0.6
-+ XIDLM-8 ——XJDLM-8 05

s 8 e XJDLM-12—a=XJDLM-12 ’
& 0.4
26 S
= Q
E‘) 0'30
S 4
E:
z 0.2
[ 9

2 0.1

0 0.0

5 10 20 30
t(d)

1 TFEEHRMERKEMNMER PERFERER
Figure 1 The ODg, value and weight loss rate of PE film
treated with the isolated bacteria strains

3 PE

Table 3 Weight loss rate of PE film treated with the
isolated bacteria strains
Bk Strain 5 d (%) 10d (%)  20d(%) 30d(%)

XIJDLM-3 1.682+0.25a 4.494+2.16b 5.012+2.79¢ 5.658+0.83d
XIDLM-8 1.766+0.12a 3.702+0.86b 4.578+1.65¢ 8.064+0.08¢
XJDLM-12 1.802+0.17a 4.276+1.15b 4.508+0.9c 5.386+1.07d

T NF/ING FEEFOR A S B A7 16 i 35 1 22 57 (P<0.05).
Note: Different lowercase indicate significant differences between
treatments (P<0.05).

30 d JF R O R RAHOIES A2k, HIE 2 7]
WL, R XIDLM-3. XIDLM-8. XJDLM-12 Bk
HHEFR 30 d BRI R B IR,
PR 2 B 2 LR AR BT () 2L, T A2 T () % R
I RIENDGH 5E#, T2k

B M-2L AN A A I R (B 3), 23 ik
SR IR 5XT AL, IR R L1 A
i 434 {Y (fourier transform infrared spectroscopy,
FTIR) i Bl —Se i R AT s, TH 2% 1Y iR 2y e = 2
A 1305em™, 1633 cem 5 2900 cm ™ AR B IEA
B2 HI 55 AL E w S, Hoh C-H Mh4a R sh g 7E
2900 cm™ ' LI, 1 740 cm ™" BT BR RLHE SRR AT
RO — ML MR S EY, C-H 4k
Bl 5 TR Fi i B804 722 A 1A] 4 150 B 56 ik T ik 2 78
Yo R SR 200 S 30 C-H jk 55, R IHIFEFI K
iR IR A T YR, BRI
BN A2 S X A
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B2 EFMFERRER 30d FROHEIR A EERHPBIR T RRE RS

Figure 2 Surface morphological characteristics of PE film under scanning electron microscope after degradation for 30 days

by strain XJDLM-3, XJDLM-8, and XJDLM-12
H: A

ZEXIE; B: XIDLM-3; C: XJDLM-8; D: XJDLM-12.

Note: A: Control; B: Treated by XJDLM-3 strain; C: Treated by XJDLM-8 strain; D: Treated by XJDLM-12 strain.

" =+ =
= = S
N
=] o~ el
100 | - o ﬁ\‘-.\. ”\‘ Y=
80t
£
P i — Control group
20 o XIDLM-3
= i & ---- XIDLM-8
E 4ol § = XIDLM-12
g A 3
s = \.N
203 \ MY
2N il 7 2
o SN g g
N 1 N 1 1 : J

3000 2 500 2 000 1500 1000
Wavenumber (cm™)

3 RZHMEBEREEM 30d 5 PE BERRLSNE K
Figure 3 FTIR spectrogram of PE film inoculated with
strains XJDLM-3, XJDLM-8 and XJDLM-12 for 30 days

233 [EfREMX PE BRE HZ14EERISIE

FE R A TR R X SR 075 Bl 0 2 P R T 52 i
M SRR EER 4), &t 30 d B, ROGBR
PrARREE | WL SRR A U X BRI T
K, TG BH IR AR RN T 2R 2 R v 8 43 1alAE
71, M HEIVERACHTIR AR TR RE IR . 2Rk RE
TR, UEBH TR AR A B S R E A
24 RHBRBEKRIEE

XJDLM-8, XJDLM-12 7 LB £i##5E | 7%y
EMRIEIE, SIREE, R TRARYE, W5
35 G, IR, ZEHh, fETCEH B,
XIDLM-3 WHETE LB i35 FRvE B hiE Y, 2
RE M, REDGHERIY, %55, G, LI,

XJDLM-3, XJDLM-8 Al XJIDLM-12 BFkA) 3
B PR ARERAE W 5. XIDLM-3 FkkA: BRA AT
B E 45 4TS Enterobacter WIFFIE, 5
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4 30d PE

Table 4 Elongation at break, tensile strength and elastic modulus of PE film between the inoculated with the degrading

bacteria for 30 days

(573 W fif AR TR SRR AR i
Strain Elongation at break (%) Tensile strength (MPa) Elastic modulus (MPa)
XJDLM-3 84.00+4.00 101.70£2.09 12.19+1.04
XJDLM-8 100.50£2.95 66.70+2.52 11.58+1.25
XJDLM-12 108.00+3.39 89.60+2.42 11.51£2.17
Control 342.5045.51 228.50£3.97 17.42+1.63
5

Table 5 The characteristics of physiology and biochemistry
FRAL AR Enterobacter bugandensis XJDLM-3 Bacillus cereus XJDLM-8 XJDLM-12
Characteristics
il Catalase - -
A AL Oxidase - -
PRI Urease - = ND ND ND
F 221 Methyl red - - + +
M5[I Indole test - - + - -
TEMIKf# Starch hydrolysis - - - - -
V-P i€ V-P test + + + + +
% & 43 f# Casein decomposition - + + +
AR ER A J Nitrate reduction test ~ ND + + + +
i S B2 7K f# Tyrosine hydrolysis - = + + 4
D- %%*ﬁfﬁﬂﬁ D-glucose acid yield + + + + +

1124 D-Sorbitol + - - - -
*??%ﬁaiﬁ';ﬂ JH Citrate utilization + + + +
B e Ak Glutin hydrolysis + +
H,S F24E HS test - - - - -
% — ¥ Honey disaccharide + + - - -
FLB¥ Lactose + + - - -
D-ARHE D-xylose + + - - -
L-F 2= L-rhamnose + + - - -
L-B[$4f L-arabinose + + - - -
W o+ PP - BN ND: RIGE.

Note: +: Positive; —: Negative; ND: Not detected.

Enterobacter bugandensis WIRLXFPHLEL, FRXT1LIEY
B 1) A AR A1, HARRREAR[R] . XIDLM-8 Al
XIDLM-12 & Pk Az BH A A0 45 ) I 5 25 R A5 &
Bacillus WHHIE, 5 Bacillus cereus HIRZF RAAAH

[\, {HAEmNEAE FA XA, rTEE5 05 AARF R
AKX,
PIFRHUP BRI RE 2L DNA AR IET T 16S rRNA FE

[ PCR 434 {5, XJDLM-3 . XJDLM-8 £ XJDLM-12
I3 ARAS 1409 .1 419 F1 1 420 bp Y PCR 448 H-Bx
GenBank #35% 5408 MN658841, MT039464 Fil
MT039482, I RGEA B ILE 4. 4R EIR,

XJDLM-8 5 XIDLM-12 W #kt5 Bacillus cereus 3
E—ME RT3, SRR Bacillus cereus
ATCC 14579 (NRO74540) 75 AR ik 21 1

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ARG S5 DML BEA7) o 17 TR v SR 2 0 e B A 240 14 1% 5 e M LA e 4037

XIDLM-8 (MT039464)

97| XJDLM-12 (MT039482)
99 Bacillus cereus strain JCM 2152 (NR113266)
89 ' Bacillus cereus A1CC 145/9' (NRO74540)
Bacillus mobilis MCCC 1A05942" (KJ812449)
r Bacillus acidiceler CBD 119" (DQ374637)
L— Bacillus thermophilus SgZ-10" (JX274438)
74 _|—_Bacill‘us humi LMG 22167" (AJ627210)
99 Bacillus onubensis CECT 8479" (LN650668)
—— Enterobacter siamensis C2361" (HQ888848)
Enterobacter kobei CIP 105566" (AJ508301)
Enterobacter muelleri IM-458" (KP345900)
991195, Enterobacter bugandensis 247BMCT (HQ122932)
73| | LXIDLM-3 (MN658841)

6Q Enterobacter ludwigii EN-119T" (AJ853891)
64~ Enterobacter sichuanensis WCHECL1597" (MG832788)

100

—
0.02

B4 ET 16S rRNA EEFIIMEN 3N R CEBRBEMRINRELER

Figure 4 Phylogenetic tree of three polyethylene-degrading strains based on 16S rRNA gene sequence

{E: FIH MEGA 7.0 #fFH1) Neighbor-Joining JAGHE RGEALER ; 155 HONEME RS 10 EABUEE A R ME(%); %I 0.02
REEIFHN 252

Note: The tree was reconstructed by the Neighbor-Joining method using the MEGA 7.0 software; Accession numbers of the bacterial isolates
are shown in brackets; The numbers at the branch nodes are boot strap values (%); The scale bar represents 0.02 substitutions per nucleotide

position.

99% A I . XIDLM-3 ¥ 5  Enterobacter
bugandensis i TR —"1 R L EF 431, GHAHE
¥k Enterobacter bugandensis 247BMC (HQ122932)
BARIT S AIPE TR 99%., S5 =HE . A1
HEAFEERM A G R T o458, % XIDLM-8 Fil
XIDLM-12 Ffk % 5E N Bacillus cereus , ¥ XIDLM-3
WK% E A Enterobacter bugandensis .
3 WihE4R

RIEHEAEG , FoRAL 2L TR YR
fifm AR e NZSTHIIm P BEREFIMERT . ] FH G E P R
RIFIBRIIFIE LA T 20 tH4D 70 4540, (H—E4R
B, RIERZNE . HEEARAA T —2i
i, [ENSMIT S RS AA 4358 PRSI . 7
WIAIRYT | 5 PRI S PR A B R X PE
B BTERRRE I I RIbR, 2 LA, L
W BLA5 18 5 B (Penicillium simplicissimum YK) | J& |
SR EE T (Fusarium solani)" 1 2 th 55 (4spergillus
niger)"! 4 T AL 45 B S W AT B (Enterobacter

asburiae)'® | W& (Flavobacterium) . 25K
J& B (Stenotrophomonas)' ", LI 1% (Pseudomonas
spp. )M I LT 213K [ (Rhodococcus  rhodochrous)!
&, if_‘ﬁ’%ii%%?}%'(Streptomyces)[zol%d\ﬁﬁﬁl%ﬁq%o

EH, RIS R HAA R IR PE SR L)
REARE) TNz 006, IS TR 5T i
R %W BNk BLED EEAY R 4 R (Plodia
interpunctella Hibner) ] LIFHIEIF & PE #KHE
i, MHME N 2 ¥EAA PE FEfERE 10940
T, BTEIAFFE YT1 RIZEALAF A YP1U, Ren 25 M
I W (Galleria mellonella) W) i 1B H 4 B B9
Enterobacter sp. D1 Bk, 171 14 d J57E PE & R
TERURRT T, JIRE) 2 TaTAGHIN ) (M1 B FIZ44% , FTIR f/R
KA T AL P Pererva U GRIME S 245 1) i
W HGE RIS R T A5 SRR, B R O
Ak B et I fi7 A PP ) R AN B 2 Serratia . Bacillus F1
Pseudomonas J&%5, HEMEATERMER CMmIIEH
TR AT LU [ ACIR A R | 005 B AL
R RMER ORIk, RN IE W & R 3E5R
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AT R | R IR I L 55 T BN 4 T
OYBS T LASR CAR A ME— BRI A A TR T ik,
— il i PR AR IR T AR T 3 RXT IR £ 0 i B L
FE T REATERE R TR o IFFE S R R UIESE T &
SRR R 1 NAFTE R SR AR, IR O
(A WA T ) A Bt T — S . RAUER
TS EREE VA FAESE . Ml Iz s, H
Jor B A e 5 B A R SR p AR R
BT R 22 2 FE RV RESE R A= W ThRg , 22a
T E TERRIIE R BB IR G E A & i A
FIFHEA R LE Y2 E I Rer) s A 1, s H )
REDLEI, HA BRI RIS M .

TACEE W XoF B 0 e ik 3 R P il 28 5 ek )
ERCHIRRER, A RAIES, 27 HEE
A Mo ARl . SRAGUKYE L SR EE . HLAE
RE SRV N PEA LR M 1 R A HR A A AR 24
Yang 55 MEREARUE L) dvh 7y B RAS REMR AR YT
FYP1 (R IRERFRYIAE 60 d PR R C 0 M1 e fie
HOMBEF] 6.1%+0.3%H1 10.7%0.2%""%. Auta %
NG SR DY 2 B2 B LR AR TR W) vh 20 15 L AR 2
TFFIE AR R FI ZEHFF T 40 d %) PE SUBURL
SRS IR 1.6%F1 6.2%>°, Harshvardhan 254325
{18V T 200 TR /N ZE RO R MI27 R B 2R AT T
H1584, S5LE R IEIFE 30 d J5 AR 1.5%
1 1.75%7) . A5 AT s 2 e e 4 o 14 - 3
MRN8 53 B T e 1Y) Bacillus cereus XJDLM-8
Bacillus cereus XJDLM-12 Fl Enterobacter
bugandensis XJDLM-3 &tk , 7ELL PE JE Rl —fik
PRI EEREICH LRSS SR B SEE IR T, MR 30d
AfiE PE BT AR BRI E] 8.06% . 5.66%F1
5.39%, FHEE A A AR B B R R AR RCR
FH T PE BMEMEMEE. MEWERNTRS
i, AL DA EFRAR S HOR DT PR R SR R
flVERE, TEWIR O R A M . DNENBE ER ARV 1Y)
1B FE s e v 43 04 5R G R A A TR R A i
155 % B 5 2 )5 (high density polyethylene, HDPE)f3
TAI— Bt (A , i FTIR 43Mr A B iR i fb 1)

AE A RS S O O SRR B A B, R
WA MR e Ak, SEUEMERE
kS5 Nowak 45 % BLZAFERRTH 225 d I E
R N AR ANRT TR s/, B TR AR A LI
FZYRPY, Sudhakar SR FHERIE 2E AR B AD MG
i IR )% (low density polyethylene, LDPE)1 15 %
RH(HDPE), HPI MR | &5 WEH L4 TR,
FHIEF 77 0 U sl B e 1 LR B, AR5
U1 AR ACHIF S SR 3 22 S B T %
fil' XIDLM-3, XJDLM-8, XJIDLM-12 B#fILR:57
30 d B CIEIE R R ROWIER, KBUE A Fm
ARASHLRE AT, 30 B S A f2 ol L TR R TR A ) F
24 FTIR il i /s B AL PRS0 3R LI A2 1)
REHIH C-H (RN 55, BRI ts 2% 1%,
VLB R AR MR R R R R 3 C-H 055, #efh
Wof i TRT R X 2R 0 5 v g 212 R 2 il 1) 000 7 45 2R
WNR OISR | B R R AR
AT RAF S TR, DI REAR B N TR IR A
A FIRIEA 1. X segt RIGHE T HG A B9 bFIE 45
W, Mo BRI R IR IR T 0 e

AT, DA TARFRA Ry HL . RIS
T S e g R v g S RO I I 22 5 | A A R
WS RIR IR ) B R o Ak, DL 1 v 43
ARATIR) TR 2075 Vo Aift T 19 230t TR o i 1k R T AT AR
ZE 5 o MBI i e e B v g - 2 R ML T 2 3R
RR CIERERR R, HR ORI
i A UE Y 7 B TR R . R IR 5 e 1) B 2
T, HRECE R, BRIERRIE . IR,
Yo 2 e (4 s R AT T 0 e S PP g 2 i I
KD R A, T2 i & B 2L AR ik
BRI, R AR CH-CH,PY, Hifk
2E2ER ) PE = BEARML, IR B T %) PE HAT 40
FIHEhRERI I IETE DRI R . N TR 5 B R
O U TR R BRI R AR, L
J B TCAE 0 (R b A 45 4 T g -5 B A R =2 TR 7R
P25 5
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O A ST COUESE T I AE I TE R O B ot
B RIEEEAEH, ROEAYRE A0 AN
FHHT 5 SABE LA m5, (BATSRAEAEA DU
PN, SCTF IR I YR L, NSNS
AT T SRR, Al — O, R
Y ERE . EOEZ R NERZ , AR
Iy R B, T A e At 5 2R
g ML R THD 43~ ik BOFH B 328 17 325 300 J3g ol 1
My 55—, AR AR IS,
KA AR 2 N A IR S o o R RO
IR IR RS S ALY
PRPARRAEE B ARSI E] ZIC-1 PE B HRTE
PE Rl R 0 IR , i VT BB 2 ZIC-1 [ R
CATHIASCHEZ —, fEfbEAL PE ABLIEHEI AT R
JERLHL TR, BUATTS, W TR
VIR fR A HILR A AR M R 18, R i AT
K- FRIAR PE SRR EHLECY. HRTE &
PO TR RR LR AR AR, A R A W R A kg
RARIEIRFR D, FHRESEYEE PE Gk
YIrnlG R0, - R A TR R 0T 52 T A AR
e  Khan 25 4 B i 5E MSM RSN IN 2%
kR BRI NN =100 B 4 8] 5
B PT L R HT 4 S PR TE N ZE TN 1 (Bacillus
amyloliquefaciens) HK 1 X 5 I B (1) R ff it T2 25y
Lo, S oAb A R SR AR L AMITE R B el
BARAOBERE 1R T 225%% . R, 7EARRSE
ik PE BEMRBARRIIERE I, A ZWFSE Il as
RGN . AR . ARSI ARtk
PER AR, PR R O R, IR5T
REAEBLI, AR ASZ Y A TR 0 PR AT R

PRSI 2RI BA — € PR RE R TR IR, X
A A3 I P S R PR R I IR R, AR
PR FLSEBRA o Bk P i T RS X R BT
R[] e ) R 1 P DX I R b 5 5% B Vs gL X, T
Foomi ., R | R 2R AR 2R A
BEMR R RE, 2 T 244, 53 i Praithes |
T2 0L 22 Ml R A 1) 2R e R v A R A TR
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