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Performance Characteristics of Modified Polylactic Acid and Its Application
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ABSTRACT: The work aims to introduce the current research status of modified polylactic acid in fruit and vegetable
preservation packaging, to provide an outlook on its future development direction in the field of fruit and vegetable pre-
servation packaging, and to provide a reference for the development and application of modified polylactic acid materials.
The methods of physical and chemical modification of PLA, the performance characteristics of modified PLA and its ap-
plication in fruit and vegetable preservation are described, and the research progress of PLA composite packaging films in
fruit and vegetable preservation packaging in recent years is explored. The results show that the performance of PLA
has been greatly improved after modification, and the prepared PLA composite film can effectively delay the aging of
fruits and vegetables, maintain the quality of fruits and vegetables, and extend the shelf life. Since PLA has biodegradable
properties, it has very great potential for future applications in the field of green packaging, and more in-depth research on
modified PLA is needed for safer and more efficient, innovative and environmentally friendly applications.
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Fig.1 Cycle of synthesis, application and degradation of PLA materials
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Tab.1 Comparison of the price of PLA with other
commonly used plastics
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Fig.2 Commonly used antimicrobial agents for food packaging materials
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Tab.3 Relevant studies and applications of modified PLA composite films in fruit and vegetable preservation

etk b b TAMMREE g ik
o Rk ’ Kl
3 iy Y H, SEDIL Y=
ety TR A1 PLA WP R LA PO, 4598 T TR
BERIE 3 T e (P3,4HB ). KZEAEEE, RESE A KEEE WA, BRI REE, BAE  [33]
P ROBRIBXA) . bEER TRRIHUR AR, B pie R
(ADR4300) P 2iai e o
TR TR B0E PLA MM, JFIRIEE N
BAEZE T 5 S ot
MR ECMT MR pe BE, ., ET R R
VRS RYI(PBSA). EER  BAREN COY0 R T E%%Ziﬁzﬁh
N R B (30 1) S
e o HRECEE, RUERN, T N ‘
o PP TRERIBURR . UNEES TR I T TR,
R ) R PR, O, M CO, BT K /NS - o [35]
oE \ - v BRER T /NS )
W EE (AIT) 16 5 AN N 2 AN, ARGER TN SR B R B
e \lj»éf ,3-—. JRL E, ?;
RRGAIS CRACAKTFRE  rpiemmpeiy, e DT T )
RIRIHCRA  (ANCC). SKAR B/ HEREAR, HisvEnaR ) ’“%%
I
PR v chlovst i 7L 1o U AR 5
e e U T W, RRMENER, B KEERE I T AL A R, HROE  [31]
WINPT R R (PBSA). % R KT kb
ﬁ{ﬁﬂ(GEO) AE Y IZE JIORS
U 43 A, A L W 6 7 AR5 0 P 452 30 2 e
B REMEADK TIO, kMR, FERMMAMT  RE K, EEERWRGEE, AT (53]
LU ELIE I P S < B AR
3 PLLA HINGETE, ZREITE
SCEMEE RO TRE (SPEG). R WHRIIARIUE |, IIVOSBIGOERTSE, BER
BOBAEE AL REMEE  HREEN coyoa i 2%, FEKREENE 40 d
RIS L
gy FO AR R IERE, B MR, T Ve ARt
Lkt T (PBAT )L B Wt FHE, KASTBMAA R R, AR OIREAT (RIF 34

We5s . Ak fE

CO, B R B H R

J S IR B ity 5




FA2E W19 AR T2 S SR LR IO AR £ 7 i (88 o 1 1 - 141 -
&%k 3
— —
Wity i B bR o2 T R %i Rt 1 R ig
o0 AN
5 3-FIE T FRI- AT BB, MDA 5 Jk 088,
MR cod FIETWMG WO PLA MOBERE, JRRTC  IREERATMONREE S, AR
WIGLEA  (P34HB). REMELME  EBME, AABERHm RCRELA, KT B
W PR (&8
#1 PLLA RUZRBIME, dos o U T et B
SR RLTAE (PEG) TR, EAMB D o 0GP T B sy
A Y L £ 0 e
A B A 2R R A
i PLLA Mt Tt D PRI R
4t J X = S R B 4B B LSS s
SORMPE ORCHN (PCL)  REREREDESIBR T e e, 0
i, KER B
8
- I I o 3 0 S TR R | R A
9)";'/ EA’E'L‘ ¥ = I i e A =) =N
KT R PR ok v, e R2R TR R, (57
ke SEPETT T E i)
7 T 51 S5 A A I A0
it WIPRINBEO) DK BOCHIMESMIERERGR |, 0 WP, RSO MRIE. R
» 4 TiO,. 41K Ag fLtERE % C AIBUE R A F AL,
R G A A K % 15 d
HIE 2 AT A LR S 0 R,
VIGLEA] B H9 (thymol) U PEREIE W CRSERYIRIONAE, RIFER [59]
S R
SERRBERIK, B A I . .
RRGRE L ORWRIE, WK R 6 g AAUCLEBHRE, BAME Ve i
- YoRFhE . K o . SRR, AR B G 22
LR . L, XKFER I O 4 FRM W2 ~ JORe— A~ [60]
I B (PEG) o MR b % R AL U P, o HL S A7 75 i
CRESNIPERI=A A= ):ﬁ‘] s I3t ﬁ%@ﬁﬁ? 23d
B,
MOBFISER R TRIAREBS), PR, SURIERSUAIL ), ,  EREERITNG R R
WWHBLEG A ERIIOEO) Itk .3 4 - BLURTE, BT RAE 8 d
RIS R KRB, SR, iﬁii%ﬁiﬁﬁﬁ%ﬁf’
S (CMC, ) PR I 2 4 R ST TR AR [10]
- 5 WK 42d
= VBT 12 VR (I ) AR Sk e S 454
5 &g ek, WRFCIFZRIH AR B, BInLL PLA N

Wt 25 e [ 22 T 10 e A0 R B A g, TR &
Jr B R HR AN, PLA 1B R 7 B A] A ) Bt fife b L
BN T TZ B SCTERT I, AT AR AR . R4
{14 7 2 P BE RN T4 A JFL A SR A0 e O 7% 32 7
bk, FESCPRAE SRR, A T A SAR T Y T
PR T HRRUABE . A AT R BE TS0 2 DL E PLA
EAEMRMEYE, BB HR— RKXT PLA
TE R A 2R U B F 58 AT LA R SR JUANTT 1) 85 5 - i
& PLA P HIVE T 20, BRARAE A, S Tolfe
AR AL RTRENE s WE AT R R B SRR PLA 7
A RIER; X T PLA EAWE, TEfE RE IR
BETT A PERE CINPTETE L PUAAYE ) RIS, R

S A T R AR RGBT B L FR AR BR A s IR PLA JESF
WA S PR A A v ) AT HERE (R, R B 52 A
RAXF PLA BRI TEAT 2 2 1 2 U 58 Y E A
LA AT A= 0 5 i S A A2 83 3 SRR O 2% Rt
SR KR

S 3k

[1] KARAMANLIOGLU M, PREZIOSI R, ROBSON G
D. Abiotic and Biotic Environmental Degradation of
the Bioplastic Polymer Poly(Lactic Acid): A Re-
view[J]. Polymer Degradation and Stability, 2017, 137:
122—130.



- 142 -

(-

2021 4£ 10 A

[10]

[11]

[12]

CESUR S, OKTAR F N, EKREN N, et al. Preparation
and Characterization of Electrospun Polylactic Ac-
id/Sodium Alginate/Orange Oyster Shell Composite
Nanofiber for Biomedical Application[J]. Journal of
the Australian Ceramic Society, 2020, 56: 533—543.
MUSHTAQ M. Synthesis and Characterization of
PLA/OMMT Composites for Biomedical Textile Ap-
plications[D]. Wuxi: 2020:
18—20.

WEISMAN J A, NICHOLSON J C, KARTHIK T, et al.
Antibiotic Enhanced
Three-Dimensional Printer Filaments and Constructs

Jiangnan University,

and Chemotherapeutic
for Biomedical Applications[J]. International Journal
of Nanomedicine, 2015, 10(1): 357—370.

WAN Lu, LI Chang-xin, SUN Ce, et al. Conceiving a
Feasible Degradation Model of Polylactic Acid-Based
Composites Through Hydrolysis Study to Polylactic
Acid/Wood Flour/Polymethyl Methacrylate[J]. Com-
posites  Science 2019, 181:
107675—107685.

SHAHIRUDDIN, HASSAN M A, SINGH M, et al.
Poly Lactic Acid, Poly Acrylic Acid and Ethanol Based
Bio-Materials for PCF Design[J].
Forum, 2020, 4863: 377—383.
MANZANARES-PALENZUELA C L, HERMANOVA
S, SOFER Z, et al. Proteinase-Sculptured 3D-Printed
Graphene/Polylactic Acid Electrodes as Potential Bio-

and Technology,

Materials Science

sensing Platforms: Towards Enzymatic Modeling of
3D-Printed Structures[J]. Nanoscale, 2019, 11(25):
12124—12131.

SR, BN BT R BRI K T Rk
b =l Ak % B (3], & BORE B, 2007, 35(32):
10538—10539.

JIN Xiao-ming, LU Xiao-cheng. Sustained Agricultural
Industrialization Strategy Based on Technology De-
velopment of Polylactic Acid[J]. Anhui Agricultural
Science, 2007, 35(32): 10538—10539.

ORELLANA J L, WICHHART D, KITCHENS CL, et
al. Mechanical and Optical Properties of Polylactic
Acid Films Containing Surfactant-Modified Cellulose
Nanocrystals[J]. Journal of Nanomaterials, 2018, 4:
1—12.

KAMTHAI S, MAGARAPHAN R. Development of an
Active Polylactic Acid (PLA) Packaging Film by Add-
ing Bleached Bagasse
(CMCp) for Mango Storage Life Extension[J]. Pack-
aging Technology and Science, 2019, 32(2): 103—116.
HANAFI, SIRAIT S M, IRAWAN C, et al. Poly(Lactic
Acid) Packaging Modified Curcumin as Bioactive

Carboxymethyl Cellulose

Substance in Tea Drink (Camelia Sinensis)[J]. Asian
Journal of Chemistry, 2017, 30(1): 145—147.
PISCOPO A, ZAPPIA A, BRUNO A D, et al. Use of

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Biodegradable Materials as Alternative Packaging of
Typical Calabrian Provola Cheese[J]. Food Packaging
and Shelf Life, 2019, 21: 100351.

iz, $inw, AWM, 5. R0 RR RS Ek
PR s IR [I]. HERF A, 2020, 50(12):
1769—1780.

TANG Duo, WENG Yun-xuan, DIAO Xiao-qian, et al.
Research Progress on Toughening and Modification of
Polylactic Acid with Environmentally Friendly Mate-
rials[J]. Scientia Sinica Chimica, 2020, 50(12):
1769—1780.

BATARDOM, FRISONIG, SCANDOLAM, et al.
Thermal and Mechanical Properties of Plasticized Poly
(L-Lactic  Acid)[J]. of Applied Polymer
Science, 2010, 90(7): 1731—1738.

IR, AL, FARTE. RILRAOBHY A, otk K
BEI[I]. ARPBBEIEFIH, 2015(2): 18—22.

LI Xin, ZHENG Hua-an, FU Dong-sheng. Synthesis,
Modification and Application of PLA Materials[J].
Rubber and Plastic Resources Utilization, 2015(2):
18—22.

DRI At & (0 B0 1) ol 28 B HC 7 0 2 4080 14 197 D],
i Tk, 2020, 41(11): 250—252.

OU Ya-mei. Preparation of Green Plastics and Their
Food Industry, 2020,

Journal

Applications in Packaging[J].
41(11): 250—252.
FCF, B, FEEN, S S R IR IR R &
& RAERED]. SR, 2017(12): 37—41.
WANG Wen-ling, L1 Yi, WANG Zhi-gang, et al. Prep-
aration and Performance of Highly Transparent PLA
Oil Bottles[J]. Green Packaging, 2017(12): 37—41.
EHW, WbE, BT, . OB T ER B
Yok R FLBRAE W B S5 BB i £ 5 TERELD). iy
Fa R, 2017(11): 67—73.
GONG Xin-huai, DAI Zhong-hao, ZHAO Sheng-yun,
et al. Preparation and Properties of Toughened Bamboo
Powder/PLA Biomass Composites with Butyl Acetyl
Citrate[J]. Polymer Bulletin, 2017(11): 67—73.

DL, R TC U R N B FL IR 4 I RESZ W (D], I
T R KA, 2020: 26—36.
SU Gui-ping. Effect of Compound Nucleating Agents
on the Crystallization Performance of PLA[D]. Xiang-
tan: Xiangtan University, 2020: 26—36.
e, w4, B2, F RILR/FZM AW KES
R B 5 A PERERT SR (D], BB T AR R =ik,
2019, 34(6): 16—22.
XING Jian, YE Zheng, XU Zhen-zhen, et al. Prepara-
tion and Thermal Properties of PLA/Montmorillonite
Nanocomposites[J]. Journal of Anhui University of
Engineering, 2019, 34(6): 16—22.
MOLINARO S, ROMERO M C, BOARO M, et al.
Effect of Nanoclay-Type and PLA Optical Purity on the



a2 19 AR A e SR LR A0 P AR S L SR (4 v ) 1oz T - 143 -
Characteristics of PLA-Based Nanocomposite [30] BHARDWAJ R, MOHANTY A K. Modification of
Films[J]. Journal of Food Engineering, 2013, 117(1): Brittle Polylactide by Novel Hyperbranched Poly-
113—123. mer-Based Nanostructures[J]. Biomacromolecules,

[22] RMA. el 97 22 i A RPN R 7 2 R o R FLIR K 2007, 8(8): 2476—2484.

B PIED]. MR IR /RIERLT. R, 2019: [31] Zik, E7&, shabl, S5 ] RE a0 e IR il 4 &%
34—45. TEIK BRI [T]. f2% T/, 2019, 40(23):
ZHANG Fan. Preparation of Modified Nanocellulose 23—31.

Reinforced PLA Composite Films by Electrostatic LI Yi, WANG Zi-xin, HAN Yan-chao, et al. Prepara-
Spinning[D]. Harbin: Harbin Institute of Technology, tion and Application of Degradable Filmin Peach Pre-
2019: 34—45. servation[J]. Packaging Engineering, 2019, 40(23):

[23] 2%, PN, AN SF. GOKZFAER /R IR AL 23—31.

R 5 B RAE[T]. fU% T AR, 2016, 37(17): 70—74. [32] ZFEETE, R3O, WM, 5. RILMIE VR RO
YIN Xing, SUN Cheng, LI Yue, et al. Preparation and B M fiE S X Rk AR e R s A 0], BB,
Characterization of Nanocellulose/PLA Composite 2020, 41(17): 216—222.

Packaging Films[J]. Packaging Engineering, 2016, LI Yang-yang, SONG Wen-long, GAO Hai-yan, et al.
37(17): 70—74. Properties of Antimicrobial Polylactic Acid-Based

[24] ODENT J, LECLERE P, RAQUEZ J M, et al. Tough- Film and Its Effect on Cherry Quality Preservation[J].
ening of Polylactide by Tailoring Phase-Morphology Food Science, 2020, 41(17): 216—222.
with P[CL-co-LA] Random Copolyesters as Biode- [33] W4 5. HFLWR VTR AR I 1 A 28 10 S A fef vp (%) I
gradable Impact Modifiers[J]. European Polymer HB5E (D] g K, 2020: 21—46.
Journal, 2013, 49(4): 914—922. JIANG Jin-yong. Polylactic Acid (PLA) Biodegradable

[25] Z&%, BIFE, FMmbr. Ry 68/ e Eur Active Packaging and Its Application in Fruits and
R[1). TARIEIN A, 2013, 41(12): 32—35. Vegetables[D]. Shanghai: Shanghai Ocean University,
YAN Meng-xue, CHEN Kai-yuan, ZHOU Nan-qiao. 2020: 21—46.

Study on Chain Expansion/Branching Modification of [34] HHT, ZRgE, k2, % RIS CO, BT
PLA[J]. Engineering Plastics Applications, 2013, A PR B B8 B R 5 0 R[], & ok, 2019,
41(12): 32—35. 40(11): 138—141.

[26] xUWisC, miifR, i, & BAR/ERT mRT JIANG Jia-nan, LI Hai-deng, LI Ji-lan, et al. Devel-
TERYBENCIE M R ST (D). TARSERL N, 2020, opment and Application of Biodegradable Films with
48(3): 7—13. Degradable High CO, Moisture Permeability[J]. Food
LIU Sa-wen, GAO Shan-jun, SHEN Chun-hui, et al. Industry, 2019, 40(11): 138—141.

Study on PLA/Polybutylene Succinate Chain-Expand- [35] GAO Hai-yan, FANG Xiang-jun, CHEN Hang-jun, et
ing Modified Materials[J]. Engineering Plastics Appli- al. Physiochemical Properties and Food Application of
cations, 2020, 48(3): 7—13. Antimicrobial PLA Film[J]. Food Control, 2017, 73:

[27] SKIIEE, mbed, BPUY, 55 RIS PR M 1522—1531.

O FHERELT]. AL TR RIRIEL, 2018, 46(10): 280—283. [36] fillgy, 875, fldbak, 5. B TEEIRMIER IR
ZHANG Yue-jun, YU Xiao-lei, ZHAO Xi-po, et al. LY PERERFFE (D). A AR 4E, 2020, 49(12): 8—12.
Research on PLA Copolymer Toughening and Its Ap- HE Jiao, ZENG Fang, HE Hong-lin, et al. Study on the
plication Progress[J]. Chemical New Materials, 2018, Performance of Polyethylene Glycol Blended Modified
46(10): 280—283. PLA Fibers[J]. Synthetic Fibers, 2020, 49(12): 8—12.

(28] BT, skAE, RE . HEENIR IR A K H R A [37]1 WP, BREPE, B—ar. BILR-RCNERZ BT
RILRILRY S & 5 RAD] TR R, g 52 455 W T 0 ) 2 S AR E MR MRS,
2014, 42(1): 18—22. 2019, 33(16): 2808—2812.
ZHAO Yu-chao, ZHANG Ju, WU Zhi-hua. Preparation CHANG Yue, CHEN Zhi-ze, YANG Yi-qi. Preparation
and Characterization of Glycidyl Methacrylate Grafted and Melt Stability of PLA-Polycaprolactone Mul-
PLA Copolymers[J]. Engineering Plastics Applica- ti-Block Riser Complex Films[J]. Materials Direct,
tions, 2014, 42(1): 18—22. 2019, 33(16): 2808—2812.

[29] QI Rong-rong, LUO Meng-ni, HUANG M. Synthesis [38] =T, mfItE, i iE e B LR )

of Styrene-Ethylene-Bbutylene-Styrene Triblock Co-
polymer-g-Polylactic Acid Copolymer and Its Potential
Application as a Toughener for Polylactic Acid[J].
2011, 120(5): 2699—2706.

L FON SR B IR PR EEOR [D]. WEFIIE AR A5
gl K2, 2017: 65—82.

YUN Xue-yan. High Toughness and Permselective
Poly(Lactic Acid) Membranes and Its Beneficial Effect



- 144 -

(-

2021 4£ 10 A

[39]

[40]

[41]

[42]

[44]

[45]

[46]

of MAP Packaging of Fruits and Vegetables[D]. Huh-
hot: Inner Mongolia Agricultural University, 2017:
65—82.
i H . BE% PLLA-PEG-PLLA %
AR 2 PN B R FR R A 4% [D
il K%, 2018: 23—50.
DAO Ri-na. Star Structure Copolymr of Poly(L-Actic
Acid)/Poly(Ethylene Glycol) and Application in Inteal
Modifed Atmosphere Adjusting for Cherry Tomato[D].
Huhhot: Inner Mongolia Agricultural University, 2018:
23—50.
WAL, 2N, fhm € PLA/PHA T P bt B WX
FARIR R EFSCR A Z M [T]. B AL S HLN, 2018, 34(7):
121—126.
SHEN Chun-hua, LI Li, DU Yun-fei. Effect of
PLA/PHA Active Films on Preservation of Blueberries
during Cold Storage[J]. Food and Machinery, 2018,
34(7): 121—126.
TRAR, B, EREE, F. BIAMR-TRME-KZm
S TR ) o KO MERE (D], TREIBRERLH, 2017,
45(6): 46—51.
ZHANG Rong, WANG Shu-yao, WANG Yi-hao, et al.
of Poly(Lactic Ac-
Composite Mem-
2017,

AR R Y X
1. MEANTE AR S

Preparation and Properties
id)—-Chitosan—Tea
brane[J]. Engineering Plastics Applications,
45(6): 46—51.

FHE, PR, T, # RIS B AANS
XA s R B S8R A R I (D], B TR, 2017,
38(17): 260—263.

YIN Min, CHU Zhuang-zhuang, QIN Yu-yue, et al.
Preservation Effect of Polylactic Acid Nano Composite

Polyphenols

Packaging on Agaricus Bisporus[J]. Food Industry
Science and Technology, 2017, 38(17): 260—263.
MIHAI M, HUNEAULT M A, FAVIS B D. Crystallin-
ity Development in Cellular Poly(Lactic Acid) in the
Presence of Supercritical Carbon Dioxide[J]. John Wi-
ley & Sons, Ltd, 2009, 113(5): 2920—2932.

TS, UKL R = 2 W 25 75 R FLIR v i i 1 K%
X HE &AL R B [D]. BUM WK, 2018:
40—51.

LI Xin-meng. Construction of Nanocrystalline Cellu-
lose Three Dimensional Network in Polylactic Acid
and Its Effect on Foaming Process[D].
Zhejiang University, 2018: 40—51.
BRIERE, PR, EERER. VRO IO IR DR SRR
[J]. B4R, 2019, 50(13): 74.

ZHEN Ze-kang, FU Zheng, YAN Ming-ming. Intro-
duction to Low-Temperature Preservation Technology
of Fruits and Vegetables[J].
Machinery, 2019, 50(13): 74.
GHOSH T, KSHIROD K D. Modeling on Respiration
Kinetics and Modified Atmospheric Packaging of Fig

Hangzhou:

Southern Agricultural

[47]

[49]

[50]

[52]

[53]

[54]

[55]

Fruit[J]. Journal of Food Measurement and Characte-
rization, 2020, 14(2): 1092—1104.

ZINASH A B, OLUWAFEMI J C, UMEZURUIKE L
O. Influence of Initial Gas Modification on Physico-
chemical Quality Attributes and Molecular Changes in
Fresh and Fresh-Cut Fruit during Modified Atmosphere
Packaging[J]. Food Packaging and Shelf Life, 2019,
21:100359.

REY F, ZACARIAS L, RODRIGO M J. Carotenoids,
Vitamin C, and Antioxidant Capacity in the Peel of
Mandarin Fruit in Relation to the Susceptibility to
Chilling Injury during Postharvest Cold Storage[J].
Antioxidants, 2020, 9(12): 1296—1296.

NGUYEN T T, UTHAIRATANAKIJ A, SRILAONG V,
et al. Impact of Electron Beam Irradiation on the
Chlorophyll Degradation and Antioxidant Capacity of
Mango Fruit[J]. Applied Biological Chemistry, 2021,
64(1): 19—31.

MEDEROS TEODOSIO A E M, CARLOS ROCHA A
R H, FIGUEIREDO LIMA SANTOS B G, et al. Effects
of Edible Coatings of Chlorella Sp Containing Pome-
granate Seed Oil on Quality of Spondias Tuberosa
Fruit during Cold Storage[J]. Food Chemistry, 2021,
338:127916.

EUBUAE. R A DR 5 7 SR R DR i 4 1
[J]. BEJTARHL, 2020, 51(9) : 86—87.

LYU Cheng-jun. Introduction to the Application of
Chemical Preservatives in the Storage and Preservation
of Fruits and Vegetables[J]. Southern Agricultural
Machinery, 2020, 51(9): 86—287.

T, YT Y R/ R LIRS A T 4 Jx F
{5 1 7 FH [D]. W& RV R b ARl K2k, 2016:

38—61.

MENG Ling-xin. NCC/Nano-Silver/PLA Composite
Film Preparation and Application of Mulberry Preser-
vation[D]. Harbin: Northeastern Forestry University,
2016: 38—61.

FHIT. TIOo FFLBR AN K LT i 1) i w8 S He
F[D]. T8 VLR K, 2014: 39—59.
WANG Xue-fang. Preparation and Application Re-
search of Electrospun TiO,/PLA Nanofiber Mem-
branes[D]. Wuxi: Jiangnan University, 2014: 39—59.
SRET. FAT IR N AL 1) 3R LR IR 0 A AT R i AR
(9 B 52 [D]. I A 4F N 58k Al K2, 2020:
20—52.

ZHANG Jin. Study on the Fresh-Keeping Effect of
Poly(L-Lactic Acid) Film with Topological Structure

17 FF

on Winter Jujube[D]. Huhhot: Inner Mongolia Agri-
cultural University, 2020: 20—52.

mEH, BT, X d, 55 B LR IR R
BT ARSI EE AW &5 EE T,
2019, 45(20): 100—105.



a2 19

TR 5« P SR LR (19 M BE R it B LA R DR B v 4y B2 ] - 145 -

[57]

[58]

YUN Xue-yan, LI Xiao-fang, LIU Meng-yu, et al. Ef-
fect of PLA Copolymer Films on Spontaneous Gas
Preservation of Cherry Tomatoes[J]. Food and Fer-
mentation Industry, 2019, 45(20): 100—105.

%1%, PLLA/PCL i F 514 2855 40 0 5 1R SHG i J o
Wi 3 2 O e RCR B SE[D]. FERIRE R S AR
K2, 2018: 16—48.

XU Chang. Studies on PLLA/PCL Topology Polymers
and Their Effects on the Freshness of Okra[D]. Huh-
hot: Inner Mongolia Agricultural University, 2018:
16—48.

JEVGE . AT A Wy R e i /R FLIR 22 2 025 R o
Lo FoRp FIESE[D]. 77 AR BT R %, 2018:
45—1717.

ZHOU Xiao-ming. Preparation and Applications of
Biodegradable Starch/Polylactic Acid Multilayer
Composite Films[D]. Guangzhou: South China Uni-
versity of Technology, 2018: 45—77.

CHI Hai, SONG Shi-xu, LUO Man, et al. Effect of
PLA Nanocomposite Films Containing Bergamot Es-
sential Oil, TiO, Nanoparticles, and Ag Nanoparticles

[59]

[60]

[61]

on Shelf Life of Mangoes[J]. Scientia Horticulturae,
2019, 249: 192—198.

W FE, SR, PRbUR, . AR/ R EL R BT
T A 2R 0T A O B ROR 52 7). AR AR, 2018,
32(4): 715—722.

PAN Yi-dan, GAO Hai-yan, CHEN Hang-jun, et al.
Effect of Muscimol/PLA Antimicrobial Packaging on
the Freshness of Blueberries[J]. Core Agricultural
Journal, 2018, 32(4): 715—722.

AR, SR FLIR /AN K 2T 2 35 AT 5 A 0t 2B T B 1Y)
WEFE Be HAE VG 2 AR LR rp B9 L H D] BUsH: #iiT ok
2£,2018: 35—62.

HE Yi-yao. Study on Poly(Lactic Acid)/ Nano Crystal-
line Cellulose Biodegradable Food Packaging Films
and the Application of Broccoli Preservation[D].
Hangzhou: Zhejiang University, 2018: 35—62.
LLANA-RU{Z-CABELLO M, PUERTO M,
PICHARDO S, et al. Preservation of Phytosterol and
PUFA during Ready-to-Eat Lettuce Shelf-Life in Ac-
tive Bio-Package[J]. Food Packaging and Shelf Life,
2019, 22: 100410.



