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Abstract

In order to alleviate the environmental pollution caused by the widespread use of plastic prod-
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ucts, people gradually use biodegradable plastics instead of traditional plastics. According to the
difference of post-processing methods, degradable plastics can be divided into four categories: pho-
todegradation plastics, biological degradation plastics, chemical degradation plastics, light/oxygen-
biological composite degradation plastics. Among them, biodegradable plastics are the most
widely used. According to the different chemical structures and properties, the commonly used
degradable plastics can be divided into poly-a-hydroxy acids, dibasic acid diol copolyesters, poly-
hydroxyalkanoates and starch-based plastics. In this paper, we reviewed the research progress on
the degradation conditions and mechanisms of the above four types of biodegradable plastics by
domestic and foreign researchers in recent years, and sorted out the main microbial research and
types of biodegradable plastics, which is helpful for the in-depth understanding of biodegradable
plastics, the development of new biodegradable plastics and the development of high-quality de-
gradation methods.

Keywords

Plastics, Degradable Plastics, Biodegradable Plastics, Microbial Degradation

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 531§

Y FAE BRI A P T R B K AR B 45 SN B AR S L, ] e 3 IO PP T A A A A ) B
KEMRMEGER, DUSTIMIR Sk E AR RS Qe @ IR o DRI, B0 AR W B A SRR I B A It AR
BLEE R 80 i 9 B R B R R e

HE W) % fif ¥E R (Biodegradable plastic) & i] F g SRRk —F4, 58 B #4 kL5356 P2 (American Society for
Testing and Materials, ASTM)7E [ FrkruEAb 22X (International Organization for Standardization, 1ISO)7E “F#
fig” (Degradation) & LA b, WHAEVI M IERHERE ). WIEMR . B RS AR EMER TR
BRI PR AR P 2R o AR PR AR AR 2 (AN [R], ARV B AR BE R W] 43 Ry 56 2 AR W o ik SR RAS 58 4 A ) 8 i 28
BHEEVIBORER R . SEGEEAHEL, AR iR B A P B A AR YA S SO0 A, BT R
TFR S K=

AR T T REtRE 1 I Sk A W B A SR I T4 00, AR SO LR AR T B ZE ) Xof 2 (1 b 2
Jo LB P R B T AR S, G B o-REIRIERL. oo T nEE LRSS RL. B
BRI R S e by e R IR A5
2.

DA AT B R AR O3

W R A AR YR £ BT N R a- IR . —nHR T ouE St RERS . BRI IR IE R L Ek H
KPR, B o-FIERRE T E A5 B AL (polylactic acid, PLA). % ZEE#235 (polyglycolic acid, PGA)%%:;
ToPR ol RS S AL A R el - IR (poly(butylene succinate), PBS) IR &L R/ AR —H
Fi% T 525 (Poly(butylene terephthalate adipate), PBAT); %5 Kt liRTis 2 (polyhydroxyalkanoates, PHA)
KO R R BT B R X8 K (poly-p-hydroxybutyrate, PHB) K& X ¥ 2 T R Ik B Mg
(Poly(3-hydroxybutyrate-co-3-hydroxyvalerate), PHBV); i jiZh SE B2 b A Az 7= R0 7 FH B3 #9200 A
H Y Ky e B BB A AR
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E A A FE AT B Af SRL G 7 0 T HERR ., SKEEHEAR ., PRAEHAL. BERess, iAo i SRl e s
PE BEMRME . ACRMESE TR A R . AL A, RV AR IR REAE B SR0E B I N IR B AR 2
BE, o ARAS F Az TH SR v G )

TER] B AR BERL A N T 3R, SRR YRR SR RE YR R SR B TR A R . IR B & R &R
SHEOE BB, WOE W] B AR IR E BRI R RS EE, AR R AR R
EfE I KB R BRET RE ¥ B (poly-g-hydroxybutyrate, PHB) & % ¥ 3t T % /& & fs
(Poly(3-hy-droxybutyrate-co-3-hydroxyvalerate), PHBV) & A\ 75 2 AP SRR 2 —. BETOK,
FRA TR A5 A= 7 e e SR R A 25 S5 R RO R PR AN 6] 23 SR 508 %% R SR S A W e it T 1 0L

3. B o- BRI YN & VIR AR

R o-F2H% (poly(a-hydroxy acid)) & —Z B A R 47 ol B MR AEM A &y T, FEARERIAR
Z(polylactic acid, PLA). % Z.l 225 (polyglycolic acid, PGA)4% . ‘& nJ LATE SR AL AL R e Sy
MRETHEE, BAdE LIOH & RPAT[E 3] a- 250 (H AR T e O- N REFEE(OCAS) I JE R, M
10 S B (4] P A [R1AL
PR ILES (PLA) BT

k4 B FLIR (polylactic acid, PLA), ik N#LE: (Lactic acid, LA), J& 254 Bafi e 0 i B s (5 1)
T RUFIINUBRIERE . Tl A IR EEE G, SRR A A IR PLA 78 BSR4 %
AT B IR IR], AP m R RCR, B A E X PLA AR R R REM . Har WIS+
I3 B H B PLA BITRAEYIR Z 400, WiER w, RS

(0

—~ ~n

Figure 1. Chemical structural formula of PLA

1. PLA B9 &R

2013 4, MRUS[L]55 by R AE 37 1 T B8 v i 08 HH P PLA ()R #% Lentzea waywayandensis, - 30°C
FAF MR TR 25 RIEMFTIE 84.80%, %M A SEEE AT T2 PLA 731 (Wl B AT = AR 2R AR . —
RTINS, FRMR =4l i i m YA R 8, AE N Bicls Al BRI R Ji5 7T 43 fi# e CO, #1 H,0. Titiporn
Panyachanakul [2]55 NTERFF 5T PLA AR AR R R B, Fefdiid i = A 2., ] T PLA 4R
YR 7y, B AR 0 5 R ONAR &R, T 60°C L PH 8 4444 T Ak 5% Actinomadura keratinilytica strain
T16-1 Hkk, TE AT PLA AR R 24 89%. 2018 4E, Tiparporn Bubpachat [3]25 M 38 A1 & 7k 15
Ye 43 B H A% Stenotrophomonas pavaniiCH1 11 Pseudomonas geniculataWsS3, PL PLA 15 4T fil i b6
PR EBGS PLA FRMERE, PLA FEMREE o] (E A K B H7E PLA 3RTH, 3E T 2 Ak R Bk 7= A I 5
VIR SRR SR . S22 R AE B 2644 K, Stenotrophomonas pavaniiCH1 (30°C, PH 7.5)F&f#&E /118 T
Pseudomonas geniculataWS3 (30°C, PH 8). # 1 a4k [ ImH R AN T REfE PLA HIBEIE. BRARZE AR LI
P
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Table 1. Microorganisms with the ability to degrade PLA plastics
1. B PLA ZBRISRREENBIRED

BIBR AR BEIC PH SEHG R [A] Ree fife ¢ 31 H
L. waywayandensis 30 — 25d 84.80% 1
Actinomadura Keratinilytica strainT16-1 60 8 72h 89.00% 2
Stenotrophomonas pavaniiCH1 30 7.5 20d 45.00% 3
Pseudomonas geniculataWS3 30 8 20d 10.00%

4. ZeER B REE K R MO E P R

LG e FP E R DL EAS R () e R BR BRI 5 — o R A ad i I 4 SR M A5 L R .
TGRS e L R R 2 — R A R Y R S o T AR, 2R AR ool - ZniR K
(Poly(butylene succinate), PBS). % R/ 44 — H R T —fik(Poly(butylene terephthalate adipate), PBAT)
. PBS ZH A SRR Y, HIAHEAK PBAT, #HE2ERAE#HLL PBAT 3.

4.1, FEMR_E - Z RN (PBS)HREY

B ulE - IR (Poly(butylene succinate), PBS), J& T #B 4 LW skl, M T ZmEM T
TR A R SR N T R IR — o B (1] 2) o JLAE TR fi A7 AN R I R e M RE AR AR, R TEHERE.
IR SRR 8 T I 25 A A R A R, BN HIEZ2 5T 3 /N A AT SE I 58 A P A

(o)
O\/\/\
(o)
O-“n

Figure 2. Chemical structural formula of PBS

2. PBS B F 454

[ Py SMEITAESREN KT PBS BRI R IT— RGBT, FFREERIE — S pi R, O LRI PBS B Al
414 Aspergullus versicolor Al Penicillum sp. &5 w4, & 2 45 7RI AT FEfE PBS 32 25 R K
il o J R

2008 4, FMEH B[4\ 35 p e 40 245 B B #k Alernaria sp.HI03, %5 ABERS IR E I, {E 25°C.
pH4.0 (46 1E T X} PBS EREE AR 18 d 42 ik 87.95%. 2011 4, 2= FLEF [T 4 3 0 1% Al A8 15 5
H 4 Aspergillus versicolor DS0503-a, pH 5.5. 28°C NI =BG &M, AR 24 KJG1LF] 4.5% H MK
IHEH _ETHEaR, f5e: Gl EA R 5% DS0401 5 DS0601 FFkilE B VE 4446 F T PBS MR, HI
iF#3 4 Aspergillus versicolor # Pk & HENEZ&1F T B4 A% PBS ot RUMI Hikk. 2012 4, 75 IBN[6]97 0k i A
FEff PBS (1)L HR B Fh PBSZ2# 1 Al PBSZ5#1R, WH7ifFth, FEfF PBS MAIMGM BL IR T KM, W
P& 7E PBS MR HFA2 N PN 1 R A P R ) i 2 BRI B B b s AR AR b, =k — e &
MINRIIEGIER T PBS Fatd, MET PBS BELfEw = NG nIEH TREfR, N1 - RS
T BT RGN B AR R IX, SR AR IR R 208 . 2020 4, Urbanek, Aneta K.ZF[7]& 31
FA AR P P R I 2 P B AR B R s P A B B bR, EL A T R 2 R R AR S RL, il A-L
FLANSERUAT R, VEMFEFAT B TB-13, Zki)E TFL, 8% W )E APL3, Laceyella sp.TP4 FlJH i
NKCM1706 %%, HXt PCL. PBSA il PBS 3l 1) B AT [Afas v .
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Table 2. Microorganisms with the ability to degrade PBS plastics
2 2. B PBS EERIERRRENBIRED

P PR A4 TR HBEIC PH S I ) B

HJ10 T #E 25 5 18d 92.23%
Aspergillus versicolor DS0503-a 28 55 244d 4.50%
PBSZ2#T# — — 30d 13.43%
PBSZ5#T# — — 30d 13.43%

4.2. ERRCB/NEAZRRT —ERER(PBAT)HIREY

RO BRI W T EE(Poly(butylene terephthalate adipate), PBAT), J& T # B4 M &R vE R,
RO IR T CREERA A R T REBRIRM (K 3). HABIFAIREREYE . B ER, RAER 1A
VIREfRYE, SR R RSB ST T 47 N FH B U 1) R AR 22—

9 NN
¢ ¢—o+-co—ctcc—otcko
n

Figure 3. Chemical structural formula of PBAT
[ 3. PBAT ML ZE L5

2009 4F, Kasuya ZE[8]M 3% rf 73 B AT 44 PBAT 119 5 Fhisikk, WF 7 & DU ML A2 T NKCM1712
SEFE VR ATIE L PBAT /KRR 5 PBAT R4 &, /KIAVINT PBAT ERH =4 T8, £l THE
Y, MSEELRERR . 2017 4, R DA AEDIE AW BT [O10F LI T —Fh % = AU fF PBAT 2k} th i
BB PR B SX,  SEERUF A SX WAL YL )5 T PASEIL 13 RN XT PBAT AL IS [ 7 &84 2] 99%
PL L

2018 4F, Aarthy Z5[10]#iE T B EREZ£E T (Cryptococcus) 7E 25°C R4:id 216 h A SzHLxT PBAT (584
BEAR, %0 A P A i T R B AT /K AR . 2019 AEFKRERAR[1L]FIFH LB 8537 3L 0k H T B4 AR PBAT 1 5%
7 HJf1 B Stenotrophomonas sp. strain YCJ1, HAE(mBEMEIEL X PBAT P FE i 2 Geis 3 11.6%, H.
AI oy IR T G PBAT HMESE, & TR N7 8. 2020 4, FRMEDK. XIEE D 45 A5 5 K30
N3-2 B AR [12]F1 N1-2 T8 i [13] ] J8 ik BRI i /K M R SR 3R T8 51 AR P B R A 1 7 U3 iy PBAT 28K
FE TR R IR B A 2 R AR RS 28, I3 7S PBAT i 2k 275 31] 6.538% + 0.086%7!1 6.489% + 0.006% .
7 3RS VISR R DU TR AR PBAT IIBFE. BRI S HL PR R R

Table 3. Microorganisms with the ability to degrade PBAT plastics
2 3. B PBAT BRI MERE NIVEY

(LT BEErC PH ST R ] e fp 2
NKCMI712 — — 10d 8.40%
NKCM2511 — — 10d 1.40%
NKCM2512 — — 10d 1.20%

WAEYIEHE SX 37 7.6-8.0 13d >99%

Cryptococcus 25 — 216 h 100%
Stenotrophomonas sp. strain YCJ1 37 7.2-82 5d 11.60%

N3-2 [ fif 28 7 56 d 6.538

N1-2 F ff 28 7 56 d 6.489
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5. BEEREREEA BN RE Mg

FRFBER IS (polyhydroxyalkanoates, PHA) BREE —FhogT 4 11 v] 58 4= AE W) B AR i A SB M 90 k), L
1 $5 % -p- £ T R (poly-p-hydroxybutyrate, PHB) & % #% % T MR /& & B8 (Poly(3-hydroxybutyrate-
co-3-hydroxyvalerate, PHBV)%5 . T PHA AW itk S AL WA 2, AR R 25 ST A W T e (14 8
FHAT .

5.1. PERREE-p- 12T BREEK (PHB) M EW

%-p-#2 T & (poly-p-hydroxybutyrate, PHB) /& H fij i FH %k} o i) — R A R 28 1 B A= 0 (141 4). PHB 1]
Wise PR, BRI IR TC R E, H A YRR AR LE R A B s . H Al IR 43 55 H I PHB [
HRZ NHEMEE, OFEEERE. BUARE. BERHES, RREMN PHB M R A .

[3HC—(|:H2 0 w
| .

Figure 4. Chemical structural formula of PHB
[ 4. PHB ML 2451

I0

£ 20 20 60 4FAX, PHB AMEMIWT T TAEIFIERES R IT. 2002 4, FRIEE[14] A5V 73 B
— MR B AR PHB fE IS5, S fr 4~ DS9701, NE N PHB AW B AR MR 77 S 8 I 3458 7 3k
fit. 2007 4F, BAVLEE[15]7E%F DS9701-04 B HIWT T K IL, BEIEMAE PHB B 2%y PHB Hikel —
AR, BRGNP N AT R A AR, ORI BRI A A T VE R R AR PHB S8 T At . PHB
BfRI FREC N A 120, AR 70 WA R N R0 B A R SR B T 46 PR AR PHB 2 54Kk, PHB kil o FHaa PR S
iR RAE R R, HERAEIAEMN -3 BRI TRREA, ZRIAK. 28RN H A /KB,
WIS B R, B, S 5HEIIR - =R IBIEIR(TCAE . ANEEML NP AR, B
FSRAER, AR CO2 F H20; FEBRERME T, AL, TN IEA FYRAE K.

PHB AR ()RR Fe T, BT R EORIE T A0ET5 7 . MRS . @ W 7E iR A 1F e Y b
RIS, RFETNENR, BAEEEERNATINE, WG HHEAE SA 7R
2012 4, Don ZE[16] M\ G AR FIISE 7> 25 341 P AT BEMRRE J1IE ATk 1R, B & PHB RE )i
PRI RO F I BE R B 77T-4, B AT W — MR B ) PHB RS8R, Xt it — ot FUrE A R R T
FRAL T EEAl . % 4 HPURGE TR R I P A PHB TERE . PR IE SO

Table 4. Microorganisms with the ability to degrade PHB plastics
= 4. BH PHB BRIFEMERRE NHIRELY

Bk A FR EEIC PH SIS IA] Reefife e
#Hk DS9701 28 6.8 23h 9.40%
% )8 DS9701-04 30°C 475 9d it 100%
S NP EE R B 77T-4 45°C — 18h 95%

5.2. BEMEREETRABRIEZENNNEY
BRI T R N RS (Poly(3-hydroxybutyrate-co-3-hydroxyvalerate), PHBV), & 3-¥23L T BREE A 3-¥2 3L
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JRRRERIIIL IR 5), BALEYIT AR SRR FHE . ARV AR 2 M KA. HAR% T PHBV
HRAE -3 (VP A AR L AR KR R, PHBV RS2 i /b 5 22 LA H I [8] . H AT PHBV [ AR 7T
i, ZHLEERE. BRERE. 12 BUR M E RS KM RN E, H55T PHBV KIMIAF R
BEEAHSCHOEANZ

CH, O, CHCHs

o
I | |

2

H H

C—C—C—oO0 C—C—C—O0
H H

Figure 5. Chemical structural formula of PHBV
5. PHBV HI{LE LM

1992 4, Luzier WD [17]7£ PHBV F&AENLERRT 7 K 3 PHBV 4N SERE, W PHBV fif 58 JF e fig
N 3-FRHET B 352 IR A, HE NGNS 5 - =R RIEIAACU, G FM N4 CO,
HO, PRESAMF T/~ CH4. 2010 4F, VG RAB[18]55X 1] 2 B Ml B FENO701 EATAF 78, K IW PHBV
JEELE 12~36 h L 2 A, 48 h JE I, T 144 h v] 56 2 FE MR 1% H A2 B R 440 ] 2 5 B e 1% FENO0710
(SRR EE, A TR SEATIT FHREAE. 2020 4E, Satti SM 25 [19]07 1% Hi H AT 5 B MR AE 1 1 B
Penicillium oxalicum SS2, 7t 40°C, pH 5.0 FI%fFF, ZEEtk 36 h WEinlf# PHBV (0.3%)FLkE s, &
+3Erh 48h X PHBV FE(50 mg) P& fif e JLT-18 100%, 7 KAJSe4f4M, TR YIRE, WHBEIE 4.
6 5 HRGE TSR R LI AT R AR PBAT IR RE. MRS S SRR R

Table 5. Microorganisms with the ability to degrade PHBV plastics
5. B PHBV LR MRRE HNHEY

TR PR A4 TR R EErC PH SR B[] 5 S
Ralstonia pickettii T1 37 7.5 — —
Acidovorax sp.TP4 30 8 — —
Pseudomonas mendocina FFN0701 10~50 8~9.5 — —
Penicillium oxalicum SS2 15~60 3.0~8.0 36~168 h 100%

6. JEREEERL BT IR AR

TR MR E T T RAW(A 6), HBiBEMRE 0L CO M HO0 IR EIE H R . Jeky st ke
I AN 2 S S E i HEAT A B, A AR B M ek o e R IR OO T2 L T A R
— Rk B AN R S AR T SO T . RARIE,  H RO S SR B AR 7T O R IR 2 B AR R R A 1
B

2000 4, R. P. Wool Z£[20]4 AR AR 205 - SR (PE-S)E &M ELEATHI AL, RIVE AWM EFR
(AT B VI T AR R SE R R SERY URL I Y 0 A o 3 TR0« AR [ S B A= A e ik 2
BB TER AR, AT R S L R RIS L N A S IR B RUR . 2009 4E, Bl
FE SR [2LE RIS W A N AT e R S e Y iR S LI b, R E . L&, feok
. M EME., MREE THEREMRSETE, TR RIMIZIRS H K & de g £,
B fiA % ik 41.59%,  HLAPRLI K/ B Pl B A e JI R AR TCREM . 2021 4F, FRHEASE[22)451 5t B AR A LR AT
FUAFH, AR I8 I AR ) A W A B SR v BT R R SRS I R ) LU R TAR, T S i A 4
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PR PERL ST IR AYIIE . 000 FULAUE ST 5 L3k (0 e AL R R, I I3 22
(1090 FRERAMEL RIS, SRRWTRLRIE, TSR PIMAR. 22 6 82 T AR RILTTHE
MR AEADRL O B b AR 25 P SR MR

CH,OH
HO lo)

CH,OH -~

HO /O
OH 0 CH,OH
CH2

o CH,OH 0

\ 2

CH2 0 OHOM O,
0, OHOM O,

OHOM O,

Figure 6. Chemical structural formula of starch

E 6. TR FEEEN
Table 6. Microorganisms with the ability to degrade starch based plastics
= 6. BREHMEBRIERENNNEY
AR A TR HEIC PH S ) Reefile e
N 7Lin] 21~25 — 30d 51.24%

. hhE. SRS, R,
AR FIR G WK

28~30 — 28d 41.59%

7. B4

AR ST B AT AR SERL B AR G G AE M) 1 SRS T 20 AP 5% IR RIF 50 3 76 v P A 2k
B R SRR o« & W S A AT SR L, 326 AR RS S S AR I X R S T B AT v
AR NIRRT o X BRI TN T AR B AT R 7R BiAT BRI 3 e

8. RE

HAr, FRESRE]S TR E H a8 hn, HACHEN R, MR, Y] B AT DL ok B R
HR, Ay n] [ g SRR R FOAE — 5 At T e PRIl e A I IR B A I 52 DGy . H i IR 9 A e A 28
BHMXA PLA, PPC, PBS = 2RI P AR S B, AR A I g S RH A0 75 2 — A2 3Gk SRR IR 17 32 75 5K
VIR R R L, BRIARZA, BEMRRIEES, MR REAZ, RS T HREER AR,
B 0T B AP AE DR T 90 K 245 BRE S R BY BY, oI 8Ot 7 FL SRR T B R RE . BRATT R Git A
gl gh T AT B AR SERIEAN RIS TR B RS B, S EE I S5 T A P B AT 7 ) e B A R

BAR KB A ] AR SRR B AR R SR 2 ST, BRATF — e R FU T AE ORAIE SR o A P v Pt A
PERE I HTHR TR v A B A B AT 0T« S RS 3% DA RCAS (R I3 (%) A T o e SR = b B B R A
DU T4 e A= P v e Rk 7= it 0 1 o AR BRATHAG R DG AR vl B AR SR R R AR 7, R
FAAEDBRAY . TUA R S48 it SR T L PRI, g SEIRLAE ) ] [ SRR P RS AT) I P AR 5 B8 2t %

E&InE
T AREBRE A E IR S W0H: WH%S: pdjh2021b0447.
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