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Abstract

Objective: To biodegrade waste plastics. The disposal of waste plastics is the difficulty of current
environmental problems. Incineration or landfill has a greater impact on environmental pollution.
Among them, plastic packaging is composed of non-degradable polymer compounds, which is dif-
ficult to degrade and has great harm of pollution. Mealworms have a nature of miscellaneous food,
can waste (plastic, foam and other toxic substances) very good absorption transformation. Method:
The mortality rate, weight gain rate, growth rate, pupation rate, soluble protein content, polysac-
charide content and oil content of yellow mealworm were determined by single factor experiment
by changing the ratio of discarded plastic bags to wheat bran as feed, light cycle, stocking density
and temperature. Results: The optimal feeding conditions were as follows: the ratio of plastic to
wheat was 8:2, with the best growth rate and weight gain rate. Other optimal feeding conditions
were density of 2.5 head/cm?; light to darkness ratio 0:24; feed water content 16.7%; 26°C tem-
perature. The soluble protein content (7.09 mg/g, 7.05 mg/g), polysaccharide content (0.24 mg/g,
0.21 mg/g) and oil content (20.83%, 20.04%) of mealworms fed with whole wheat bran and the
optimal plastic feeding condition were determined, respectively, and no significant difference was
found. Conclusion: This study showed that Tenebrio molitor could biodegrade waste plastic ex-
press packaging bags, and the environmental pollution caused by waste plastic could be alleviated
if Tenebrio molitor was raised in large quantities to degrade waste plastic.
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Har, BREWAAEIREECIA 1.2 200L E, HA R 5 2%~4%, R4 K 37 38R}
SVERY) 240 J3~480 JiMl. V5K, EMERRIEEUE A MM H R 2, CES R T AESKE, ERfEE
FNFAAFHIPTRE[L] . DU BAE TRV 22 K i vt v it AR AN PR 3 SR R B 6 1t K il vl o
S A R TR R, BT AR 43 (4 2 3 R e R i R HE K 0 K 2 B AT A AR 3] )
F =, 2019 FER EYEREDR FELA N 6.3 x107t, o, — MR SRS . R, ORI,
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Jod R A NG BEA O 1) AR 2 AR P s S R R A 4R, G e AR R IR T RT L AR TR B TR A
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R, AR IR I E R RAHER[5]

JR 37 SRR () A 0 o g 2 R A5 () — A% A 1) R WF 90 A () OB Re B AR TR o 288 1 R 5 R L 6]
B TR R EE L, B EYRARME 20 RN . RHZHRIEEEFREAR, Xtk
Hivi%e F DO Re T A Mo SE G b e e P 5 B0k . A FH R R B AR 2L, Wt R AN R ) B AR N 1) i Ty e T
A, DARBIEOE &RV AR ER & . FLr AN R SRR S5 LI 5 1 B ARG A B AR ) A B A
I o

T K1 B (Tenbrio molitor L.), {144 N & 00 B, BESH H BUS 47 BB B g (B AT 1UB) [7].
MR REE, SR ZhH i, R PR . Bk K 20~25 mm. B R EHEE
MR RO, SRR BAERMASMETCR, B “SMEAmEEZ £ BERB]. HEAEE,
JIE 17 £ 5 B N 0 i AN 17 R o AR e B0 B RS DAL N SRR, I HLAE B S . DR S
AL it S AR B IR AT R o R T R ok B H AT R DL RR . KBRS A AR
RH AT AR S, IR RICT . MR RA, SOk R R R, BRFESRIMNEFTEUETEH[9], SRR
[10], PVC MRI11JAE K LM ER12] [13] [14]. #RyHGERYE, A sk, Sy TR bR 3
YInFEFF[15] [16] RBIR[ITIRIR TG, 1EHEGEME N A — &R

H HI G T FH 3 s 0 B A8 T 3ok ot HAR KR & S i AU/, ARG = BT 30t s AR
BRI S, e A dr Sk . B 70 7 SRR . ST MR SRRy IR A% 1R RO LA KR s
R Mk e R S R R . IR KR, TR, EMEASE. S EN
AR AR, DUT AR DAR 7 R R S S ARk TRy s AR BN ), SIS AR e, 75 3
b BRI R R ST B RS R A R I B W AT MR 4518 [18] [19] [20] [21].
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2.1, gt REFE R

TS0 PIT FH A BE0H L S R 2 T i AR S, SRR S8 9 5 om x 8 em x 6 em (1952 &2 9 14
TR, WHUE 26°CAmEIRI TR, W 2.5 Skiem?, FRLIEKEN 16.7%, BlLEEN 6 9. HFF
WO IO Z RO TG PRFF AR BBy A OB i e o

2.2. M S5NER

WA BRI IR A, 95% LI, A RE, B LWiiE G-250, SUEAEN, A RS A5 oy
Bral, A MmiEE A AEME ARG, KN GBIT 6682 HLE 1) =2 7K.

XA L85 AN WAL BT B RS RMX AR A IR A R IK-100 BYEE P 5 B 4 A AR 4 Je HLik i) i
AIRAF: C Y 30 BHIUARPOEM T 2HINAL TRHARA T HH-1 B e R E I 7K i 8 ) [ A 2
FRAH] s ME204E 2 B 1 RSP ) - FER 2 A H PR A F]: KQ-300GVDV Bl = fit fa 1 iff 50428 8 75 Y 15
Peds RO R AR LG10-2.4A il B O LAb i B FH B 0HLS s SXT-02 U 2R [T # gyt a4y
R ARATF]; L9/13/P330 Y il A 5 HL P44 [E] Nabertherm GmbH /A ] ; DGG-9140A % L #AE I &
TFHEAE EH RS LA A PR A A .

2.3. SEWAHE

2.3.1. Rk
AT K2 A AT REAEAE I B A AR, S E BN TR s RN 2 min LA EH 1.
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2.32. X}

1) T UK T AR A B AR K L M A U AT R 11 SRR N 2.5 Skiem?,
JemE oA RE . TR S KRN 16.7%. REN 26°CaFR &M NIRFRE M B, R 7 R IR SR A
S RTERIAI AL, WEIEIFE R SET R W E R, WKR, BRI IRE L.

2) JRFF IR B A A B R AR K RO T P L N 5:5 ROTARMAE B0 e, Btk
AR S s ANBSFEL(0.25 Sk/em?. 1 Sk/em?. 1.75 Skfem?. 2.5 Skiem?4%); KBEELH (2.5 S/em?. 5 Sk/em?,
7.5 k/em?. 10 Sk/cm?) %A #AOL:24D. 6L:18D. 12L:12D. 18L:6D): iRJ¥(26°C. 35°C), %iff 3 Kuk 7
RWERAERARE ., S SETEAIRE, WEsky iseT, B E ., KA, il E A
RIFFIFET 3, SEE A YA AR I 28 I SRR 9% 2% A

3) MG AR AN R BRI S L (B 2t 8:2 Ik A K AR RS R, AWT
T& LA ) 2R 2 ko Rt ot HUCRT AT SE 4 R AR R BT ) ) R A 58 1) ' R 1] (B K PR A0 S 4 I
T RAK, eSS, MREEQRS kiom? EHEM AR KT, 1E Y8 A A
KA, HEISREBOENEAREIAEH).

2.4, EKIBFR

AKAEARIIE (ISR, 2019): A KIEAR AR WAL T2 (D) (%) SKMTFHHKL) (cm).
BRI KR (AXT) (%) 54 F1 P15 5 (M) (g) FiiA B3 B 3R (AX2) (%). D, AX1, AX2 43 5l% K (1)~(3)

T
XD
D =22 x100% (1)
Xl
AX, = A= Xs . 100% 2
2
AX, = %xm% (3)

4

X, Xp: FEHREIANE(N): Xe: BE(D): Xo: WIREK(cm): Xa: FMRJE S K (em): X HIGHTHIE
H(g): Xs: VMRS BRI EE(G).

2.5. £ TBIEHR

A ER AR A R A FREON R AR A A R SRS RAMAE S =

ATACER: FRECTORY B, 7E G RT A TR 7E 50°C 248 T T8 24 h, BUH G FRY B URY BT B8

ANETEE A A2 RIE [22]: PRI IS S A X RE A 0.025 g, IIAZEZKE 2S48 100 mL, il ik 0.25
mg/mL ()5 IR VAR . HERA RO R AW 0.05. 0.1, 0.2, 0.3, 0.4mL, FEA % 1.0mL, JA 5.0mL
Z O, OB 5 mine HEZEEK 1.0mL, AN 5.0 mL FHH M, N5 min, AT AR, 1%
BN 595 nm,  DAA 5 B EUR B AR ALRR, AR IR AR, e tilbrdE 2. ArdEiZk: y =
4.2994x +0.0923, R?=0.9951. FWIFEWE 0.0125~0.1 mg/mL 2 [a)ZEPE R AT, J5H 19 Bk, AN PH=
10 [¥) NaOH 3 50 mL, #475 $#ZEL 30 min, 5000 r/min &.0» 15 min, & & 10 min, B_E3ER(E ARER) 0.1
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mL, FZEBKEZRZE 1.0mL, I 5.0 mL % DLHr=is, M 5min, JEWRGE.

RS EINE23]: Ky - BERENE , FRICHE %8 G 0.0929 g, IIAZEZKE % % 100 mL,
il A& 92.9 mg/mL FRIXS R S R o HERA IR DO R R 0.02. 0.04. 0.06. 0.08+ 0.1 mL, % EAZ 1.0 mL,
BN 1.0 mL 5%y, 857, IR 5.0 mL, /K 15 min. HEZEMK 1.0 mL, [F_E#/En
N S%ZE I RIR BRI IEAT B B, AE A AXTIR . BB 490 nm,  DUH A HEIR AR AL AR, 15
IR AR bR, ZablbruEfZk . FrufEi4l: y = 8.5205x + 0.0352, R? = 0.9951. % B 7L % bR i
0.0185~0.0929 mg/mL Z [AJ £kt R4 o JEAREL U 5 g # B LG 1:8 I 40 mL 7K, 80 C1E /K i DY /N,
FHIE = KB IR, IR AR 2 25 R IR 1120, BN IR RAARAR DU £ 1) 95% L BEV T, 4°CHI 24 h,
W EONESOE, 8000 r/min BS.0 5 min, 152 KEUIE. MCE 1 mg/mL M2, TRIEORS - BRERY:
MWEWRSeE, JEar AbeiElliZ, 525 S CPATIE P IX).

A E BRI e . AREUER ok m (2 g)E T U84, N 50 mL (4 il B A%, J5 T 100 mL 5
R, 90C T 6 h, ZiMARTEAHE. FRE 1000 mL 2945 i 2 i E Rl oy W1, K2 iuEl
NG, Ak gE =, F e 28 AR IR AR 78 K B A MR T8 A 78 Y, W= B DR 8 2 vk 4
B EEICH W2, B UM AEE E1d 8 M. Il M =W2 - W1, JHAEE E(%) = M/m * 100%.

2.6. WEALE

FIF Microsoft Excel 2019 #HT X AL FEFI 04T, FrERIGHEE Ik, BCFHMHE.
3. &5
3.1 ERLANEXNERREKLZ BN

HiE 1A, SXIRA AL, B0 8:2 N sk fUl RN KR i, BN 55 IR,
(HIEREA I EIOR, X sot K AR KO, B2 Oy 9:1 A Y AR i) 3ok R AN SH K 2 TR R
PEEaY . MURSET R IGERAT I, RSN S, SUT S0 R . bt nT W2 2 VR A T MR S 5 oA
MR E, Hp a2 Oy 8:2 Sk (RAE T AR BRI, 4B ISET . Ay 8:2 1
ARk R £ BOR L
3.2. JtRRREIX SR A K & B RIRZNE

MRYEFOR R A KO R 2 oI5, BRI I, SO0 BT i 2 1 F SR B KK SR M
TR T RKES . RGO R ERWE, BB G R, SOp Rt TREn. Ju
bt 0:24 WG EE ARG KR EOR, #HOLKELL 0:24 R AR TE]; JehfH 18:6 I 0k dU TR KK H 46
RAATLAE, WA R ER . RIS, SO UG R SR AR, NSRRI TR,
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Figure 1. Effects of different proportions of plastics on the growth and development of Tenebrio molitor

50
45
40
35
vt 30

%

= 20
15
10

1:9 2:8 3:7 46 55 64 7:3 82 9:1 ¥4k

A 2

1. FEIELHIREBRLR N E 3T B A KA B ST

0.1400
0.1200
0.1000
0.0800
0.0600
0.0400
0.0200
0.0000

Hiy PR E g

- 2.5000
=0: 24 2.4000
£ 2.3000
W .. 2 2.2000
e == W 5211000
. =6: 18 & 2.0000 :
po B- 19000
- by EH 18000
AL 58 17000
# 1.6000
- . 1.5000
Wk 3K 5K TR Je: I Wi
il R R =18: 6
8
7
6
S s
e
4
=3
2
1
0 . .
e WE=0: 245k KE=6: 1856: HH=12: 12%%:

piniE]ad

/——_’_‘
gt
3K 5K 7K
BN N
F=18: 6

Figure 2. Effect of different illumination time on growth and development of Tenebrio molitor
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Figure 3. Effects of different feeding densities on the growth and development of Tenebrio molitor
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Table 1. The best ratio of plastic to wheat was feeding Tenebrio molitor (2.5 heads/cm?) for 15 days
= 1. REBELLARAS d)EMR2.5 kiem) B BRI E

14 24 34 44 54 6 4H
SERE R SR 2 0.18 0.20 0.17 0.21 0.16 0.20

3.6. ARIARHANREH hx)E RIERA RN

14 2 AT A5, IR 1R (100% 22 %K) (1 308 HU 5 DL R 2 22 BRI IR 1 30y d & AR BRAR AR S ATE 22 001,
HIRAS, RO RHA M Sk R BAT RIAT P, A2 sofy K I AR KR/ P AR DU, 4 508
PN Z I R R 7 RS 0 A4S B m AT HE

Table 2. Contents of various physiological indexes

2 BMEIBIERESE

AR AR R ZWEE MiES =
100% 2z k1] MR 1 F0OR) H 7.09 mg/g 0.24 mglg 20.83%
T AR 27 LR ) SR R 7.05 mg/g 0.21 mg/g 20.04%

4, &5ig

B AR LR 8 5Bk LA 8:2 IR E A SOty UK, HARFR R B RE 2.5 Skfom?; gl L
0L:24D; HAPRME 7K 16.7%; IRFE 26°C. HEFRAFRIIMLL, FETHRMEMC, MR, HEREE, D
9 52 LU S SO L TE R K Ok R B K K e R JETCR, WATEER AR, WS B A
LW EIEATER, 5 IR SO By T BLES A KR & . TEEIE T 2ok ki 4 ik, "I
ENBERRIER) o TR AR R T SR L L S B A, LR AT

TR SRR s g B A 2, BRI, WS Y AER, T EAT AR R S R
T ST Bt SR it SR A2 K, SR At S5 Yt R B o R85 1) R 20 A 7 4 Rk
P DR BRVA AR PR SR Lo BRSO AR P AR A AR AT B B 2 AT, R R
KPS Y A B I . LR SE B it AR M AR S R R ), DY BB A B SR BRI BT LT R e A
VEBR. WSRAAT, IRIRATROMER A e nl DUR KRR BRI, X AR ET S, HE TR
HSERIES -3

b TR TTAR, HOKY S R R AT AT o X R T IREE, IR AT DA A B AR PR R AR . R
BT RGE,  E RIXA FT DN LSRR (TG, % o DRt A AT DL % R Ok OBAS T
5. &%

AT ALEL T M g oA (LR K VAR AR 1. AN G & . SRR L 2 48 1 ATl x
Sy o R 43 ORI TE 3 R VA S . SO TR AR R 2 S R L B 48 HAT AT AT, AT B
A

DOI: 10.12677/aep.2022.121008 63 IS RI R


https://doi.org/10.12677/aep.2022.121008

TR E

BB

o B IR R B LR T AEE, WSROI SR e R B T BB R, N

o USET A THRISE O B e BB, AR RS R R (M
E&WmE

2021 SEHTTAE KA AERHEEIIE S TR Wi A4 11 4(2021R421007);  #IVT M A K2 2021 4405

A 505 2 (2 56 % T80T H ) (20213S1008)

&E 3k

(1]
[2]

(3]
(4]

(5]

(6]

7]

(8]
[9]
[10]
[11]

[12]
[13]
[14]
[15]

[16]

[17]

[18]
[19]
[20]

[21]

Prastics Europe (2014) Prastics-Thefacts 2014/2015—An Analysis of European Lates Plastics Production, Demand
and Waste Data. Plastics Europe, Brussels.

Barnes, D.K., Galgani, F., Thompson, R.C. and Barlaz, M. (2009) Accumulation and fragmentation of Plastic Debris in
Global Environments. Philosophical Transactions of the Royal Society of London B: Biological Sciences, 364,
1985-1998. https://doi.org/10.1098/rstb.2008.0205

Simonutti, R. and Colombo, A. (2014) Nanoparticles Confer Tailored Optical Properties on Plastics. International So-
ciety for Optics and Photonics, Bellingham. https://doi.org/10.1117/2.1201408.005561

Horton, A.A., Walton, A., Spurgeon, D.J., Lahive, E. and Svendsen, C. (2017) Microplastics in Freshwater and Terre-
strial Environments: Evaluating the Current Understanding to Identify the Knowledge Gaps and Future Research Prior-
ities. Science of the Total Environment, 586, 127-141. https://doi.org/10.1016/j.scitotenv.2017.01.190

Narayan, R. (2012) Degradable Polymers and Materials: Principles and Practice. In: Khemani, K. and Scholz, C., Eds.,
Degradable Polymers and Materials: Principles and Practice, American Chemical Society, Washington DC, 13-31.
https://doi.org/10.1021/bk-2012-1114.ch002

BTSIE, XIFEME, BERG, XIZEAR, E/N, B, & G RED RSB REEMMRRS ARG &
A, 2021, 2(2), 161-180.

Yi, L.Y., van Boekel, M.A.J.S., Boeren, S. and Lakemond, C.M.M. (2016) Protein Identification and in Vitro Digestion
of Fractions from Tenebrio molitor. European Food Research and Technology, 242, 1285-1297.
https://doi.org/10.1007/s00217-015-2632-6

BEESHR, JBOLLL, FNNHE. By AT A A RIS [I]. Bk Tk, 1998(6): 26-27
FIHR, QLT Trn%. GRS SO AR B LR IRA[T]. P R B, 2017, 39(3): 667-672
VFREAS, SRAERK. BRI B00 AR AR AERIE TE[3]. PEALRAMRRHECR 22574k, 2018, 46(7): 102-108.

D, MBI, FRZE, B ORI IE R SRR LSRR AR I[]. RCEY)E R, 2020, 47(2):
390-400.

FRAENN. BOR B SRR 20 SR LB B g 1 e m[d]. B R ARG, 2019(12): 129-130.

RAERN, MR, TRERRS. FOR R R BN FER T A R 0], BRI AE, 2019(13): 149-150.

TEYL, AR, FOR BUCE R L AR B 0], R E SR LR AR, 2019, 37(1): 26-28.
Iiw,%%%,T%,%k%.Kﬁ%ﬁﬁﬁ%ii&&ﬁﬁ%@%%%%m%m.%%Emﬁﬁ,mm
40(1): 52-57.

VI, BRUAE, skl FIEER LPUTER, MTE, S ORI FRVEVIIR R AR AR P R RS S A A )
REBRELBR]. 5 AT, 2020, 28(6): 95.

FRIERS, VIR, TR0, REENE, S8, M RITER AL BN HR A R A B S A 8 O IR AR AT FE D). BT
TE2£4R, 2015, 9(5): 2455-2461

JEURRE, BT, B I SRR ET 5 [0]. 2Rt R, 2019(10):185-186+188.

TRIRAT. HORY HU I B 4 B R SR I R B 7L [D]: (AL 2= Arie 3], il SRZRIMIE 4P, 2011.

Kim, S.Y., Park, J.B., Lee, Y.B., Yoon, H.J., Lee, K.Y. and Kim, N.J. (2015) Growth Characteristics of Mealworm
Tenebrio molitor. Journal of Sericultural and Entomological Science, 53, 1-5. https://doi.org/10.7852/jses.2015.53.1.1

FRER, XI5, Mo, SKAN. BRGSO ARSI AR S AL BRE PR RSN [T]. BFT B R

DOI: 10.12677/aep.2022.121008 64 SR AT T


https://doi.org/10.12677/aep.2022.121008
https://doi.org/10.1098/rstb.2008.0205
https://doi.org/10.1117/2.1201408.005561
https://doi.org/10.1016/j.scitotenv.2017.01.190
https://doi.org/10.1021/bk-2012-1114.ch002
https://doi.org/10.1007/s00217-015-2632-6
https://doi.org/10.7852/jses.2015.53.1.1

[22]

[23]

2017, 54(3): 434-439.

AR, ATHE, XAERE, BiE ERLA. TCY R EEE IR i L EPURRER ] & & TkRE, 2019,
40(5): 87-92.

I, NI, A, BREEAS. i A 2 B SR R SRR A 5 43 AT [3]. MOl RL 2R 5T, 2008, 21(6): 792-796.

DOI: 10.12677/aep.2022.121008 65 IS RI R


https://doi.org/10.12677/aep.2022.121008

	废弃塑料快递包装袋饲喂黄粉虫的生物降解研究
	摘  要
	关键词
	Study on Biodegradation of Tenebrio molitor Fed with Waste Plastic Express Bags
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 供试虫源和饲料
	2.2. 试剂与仪器
	2.3. 实验方法
	2.3.1. 材料处理
	2.3.2. 实验步骤

	2.4. 生长指标
	2.5. 生理指标
	2.6. 数据处理

	3. 结果
	3.1. 塑料添加量对黄粉虫生长发育的影响
	3.2. 光照时间对黄粉虫生长发育的影响
	3.3. 饲养密度对黄粉虫生长发育的影响
	3.4. 饲养密度(大组)对黄粉虫生长发育的影响
	3.5. 最佳塑麦比饲喂黄粉虫取食塑料的情况
	3.6. 不同饲料饲喂黄粉虫对生理指标的影响

	4. 结论
	5. 结语
	致  谢
	基金项目
	参考文献

