< B2 GO SCHARAE)  (Scopus) AL KBD T
- « SUUFBF BT H 3% DOAJ s R T
2 2 * 4l (R CA  PIERHE B DMFICSTPCD
B AR FIRCCSE

o S (frihFHESCHE) FSTA

SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY o HAF A ARG LG Bt IS T o W ER B DI TIA
o ST i (WICD) 7% o [ 2: P2 Sino Med
o fr SRbE S TR R I B RO % H s — iR T
¥ HT]  ISSN 1002-0306  CN 11-1759/TS & ARS: 2—399

] A= ) AR A Tt L VR R e B O R S

#E, LK, £ K

Research on Properties and Applications of Biodegradable Modified Starch-based Films
XU Xin, WANG Bin, and CUI Bo

TELR I View online: https:/doi.org/10.13386/j.issn1002-0306.2022110064

TRAT RIS HAN SO

Articles you may be interested in

15 H X0 493 TSOUR 235 1 Rk S 52 e ) 0 e
Research Progress of the Effects of Extrusion on Microstructure and Physicochemical Properties of Starch

£ TAlkRHE. 2020, 41(5): 305-310  https://doi.org/10.13386/j.issn1002-0306.2020.05.050
R FATE A SR DE oy Ak T 114 5 T

Effects of Freeze—thaw Cycles on Physicochemical Properties of Castanea henryi Starch

£ Tk RHE. 2020, 41(3): 52-57  hitps://doi.org/10.13386/j.issn1002-0306.2020.03.010

s A Wy ] e R A I S
Research Progress of Gelatin—based Biodegradable Films
B TAkRHE. 2021, 42(11): 365-371  https:/doi.org/10.13386/j.issn1002-0306.2020060256

P AR BT /N KT At AL S B S5 B
Effects of Ultrasonic Treatment on the Structure and Physicochemical Properties of Millet Starch
B TAbEHE. 2021, 42(24): 60-67  https://doi.org/10.13386/j.issn1002-0306.2021040127

U SLARVERY Z R BRAMERT . SRS P R AR P fE
Physicochemical Properties,Antioxidant and Antibacterial Capacities of Non—starch Polysaccharide from Dolichos lablab L.
B TR 2020, 41(19): 39-44  https://doi.org/10.13386/j.issn1002-0306.2020.19.007

BINGR7 /5 (S ONEE  fa IO
Extraction and Characterization of Starch from Cowpea (Vigna unguiculata (L.) Walp.)
B T REHE. 2021, 42(20): 199-206  https://doi.org/10.13386/).issn1002-0306.2021030301



http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2022110064
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.05.050
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.03.010
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020060256
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021040127
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.19.007
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021030301

5 44 % 515 ) i Tl B Vol. 44 No. 15
2023 4 8 H Science and Technology of Food Industry Aug. 2023
VRS, Tk, k. T A Wy I A ok R R R e R B R (0], T Tl B, 2023, 44(15): 474-481. doi:
10.13386/j.issn1002-0306.2022110064

XU Xin, WANG Bin, CUI Bo. Research on Properties and Applications of Biodegradable Modified Starch-based Films[J]. Science and
Technology of Food Industry, 2023, 44(15): 474—481. (in Chinese with English abstract). doi: 10.13386/].issn1002-0306.2022110064

 EELEIE -

Gl E%F%ﬁﬁfgﬂé Eiﬁiﬁ}, - ,%Eﬁﬂﬁf%‘lﬁ&
AVA ,ﬁpgiﬂfgg

.i;-F %1,2,£ iﬁtg,ﬁ 5&1,2,*
(LFET L RF OCLAEAHAFR) EHEAMHRLGZELKB R T EEZRE, L ARFdH 250353;
2FET R kF (LWALAFFR) 2Rftes TRFR, LA FE 250353;
3ab ARE KR FRBAFE TSR, LA RZ 271000)

H EohABHNRUERTROFREFMEIEZTE, AANTHARGEORRELD S485:, FHREDRLY
EHHGHA, R BEATAEAMEBEARTEENE, TUEAGHENRHERKSD. Rf, KHEATEHERE
A AR £ E KNS 5rs, R TEAR L LG#E—F B A, Bk, sHEHRTHEIIFAN 2R E
RN I ETEZ —, AXNBTRHG S REEREN, SET & A WEMERG SR EBTFR
#HE, TENBTEREFES AT, REASENR, EVREREBERESREGOY R, H
AMHOMRRATELE ARG T @, REMETIIHETEY SRR E A BRI FFRH K
B A EIE AR ARAE T — 2 093t Ao,

FEEIR): T A M AR, SRR, PR A, FLALPE R

FEHAS:TS236.9 SCHEAFRIRES: A N EHS:1002-0306(2023)15-0474—-08
DOI: 10.13386/j.issn1002-0306.2022110064

Research on Properties and Applications of Biodegradable Modified
Starch-based Films

XU Xin'?, WANG Bin*, CUI Bo'*"

(1.State Key Laboratory of Biobased Material and Green Papermaking, Qilu University of Technology (Shandong
Academy of Sciences), Jinan 250353, China;
2.College of Food Science and Engineering, Qilu University of Technology
(Shandong Academy of Sciences), Jinan 250353, China;
3.Department of Food Science and Engineering, Shandong Agricultural University, Tai'an 271000, China)

Abstract: The increasingly severe environmental problems caused by the abuse of petroleum-based plastics and the
increasing shortage of nonrenewable petroleum resources have led to the emergence of biopolymer-based materials. Starch
is biodegradable and renewable and can be used as a good substitute for petroleum bases. However, further commercial
application of starch-based biodegradable films is limited by their poor mechanical properties and hydrophilicity. Therefore,
the physical or chemical modification of starch is one of the main methods to improve the properties of films. In this
review, the multiscale structural properties of starch are introduced, and the modification methods and current research of
starch for preparing biodegradable films are reviewed. The effects of modification methods on the mechanical properties,
water vapor permeability, transparency and biodegradability of starch-based films are mainly introduced. The properties of
starch-based materials determine the direction of their application. Finally, the application of starch-based biodegradable
fims is described. The study of the properties of modified starch-based films provides a theoretical basis for improving the
properties of starch-based films.
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Table 1  Starch granule morphology, size and crystal form from
different plant sources
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Table 2  Effects of different types of modified starch on physicochemical properties of starch-based films

ifietite
VR ks i RMGRIETS  WiaiKREAB  KZEBERWVP S50k
(MPa) (%) (g/m-s-Pa)x107°

FRVER ARk 0.29~0.43 59.33~66.59 1.80~2.10 [58]

FRVER = ImuEEREN (STMP) 0.23~0.53 13.94~19.00 1.30~1.50 [58]
LA HETER pinenghedil 20.21~29.85 2.94~5.98 0.65~0.88 [16]

FAKTEN IE NI B A+ = B RR A A0 = SR BRIR IR & W 3E 1k 6.18~8.71 68.70~126.11 1.23~1.89 [51]

23R S+ = A RR AN 3C Ik 2.18~6.09 8.49~16.62 0.45~1.5 [54]

i SEVE R e+ 2 kAL 0.68~8.33 1.01~15.38 1.10~2.50 [55]

ANEVER RN PEIE R O R R R T N (PBAT) - - 0.43~0.76 [59]

IINZZ VE R SCHETER B S 19.47~22.07 5.94~6.72 - [15]




- 478 - £ Tl B4

2023 4F 8 A

AR PEFIEE L . Prachayawarakorn 25:1497 ¢ 4 38,
RS TERTRERRAT T R 21058 2 FE ek, AUt fe
Y i T B PR TE A BB, AR R T A R A A A,
I LU A SCHR GE B IR S i F AR R
3.3 KESZEZXR (water vapor permeability, WVP)
VE B LA R, R EAR R 4504 BE RS PEGE
SRS PR IU N, KRR K RS BT (]
TR AN AR T Ve B A AN 5, DA sz s
BAIRBTI . PRl fb2F e TE R Y RE BRI TE A5
FLTEIREY WVP {H . W3S RT LIRS TERY 5
IR Gy SRR FH T, T A Btk T py 3k 1l
B5E, B T il S TEM T M R N =Z A1, st RS
B 15 K PR RE 2 52 1 AR WVP (H 1) R EL 3R P,
SRR 5 VER o s AH 5 AE AR T i EEAE T
AETE X IR S I8 1b7K - S TE M 3L ah &, [H
RS WVP RS, A, AN B EAT 25K M, FHFR
IKZER I PEREREST . B, X TR ZERH R /K ZE S
AL}, L AR Ve R B R R — AN 1
Pho G TER AR TS oK M R R T i K
PP RE A, PRI, AR TE M BRI IROK 28 R B 1 5%
ARG, FEBHFRZK 78RR d THAE Y b Skt
TEA BRI TR B O I P AR B T A 2R
AR Y RERRPERE . ASAE A HFIEMEVERS (thermo-
plastic starch, TPS) A PBAT 2 [A] 1% =5 JEAH S B TH R
T TPS M=K, TPS J2 3R HAH B AE FH 8Bk
£ PBAT £ 5, MFARAFPEATE AL PRI, FA
TR TR I E WD, FEAR T AR XS /K ZE A 25 F1
73, S @ HERRER,
34 ERREGSIEREYT
JCEERFPERT B AR AR B S X, A
B B ER PE Sh B A NN B 3 B2 R . LR
BHA AR SR i 25, BT i, 257 2% 38 1 B
SR A A . B R FEAE
EARPE RS2 BN E o PR VER B S R
e FEEFPROPEFIZERIA 52 . Yildirrm-Yalgin 25258 fJF 5%
KPR, AT A B (L) H 5, STMP 38 Btk
TEBY SN (o) B BE(D)OME. AN, nT &
JHUERE b (4 S R TE Ay k35 BATR T v as I s . AT
e B MCER S0 43T &AL N, (i@ UL
M43 [ 5o+ N 4G 52 2IRHAS, S B0 RS (A8
VR, ANEWIEES N, EAETER 5 X85 0ER T 45
SEMREAR B EE RN R —. HEdkiE, S5E0Esy
FH B, 8 SZEEVER BN S5 I TE Rl A5 TEAD LTS Y
75 B BE 4 W 2 AR (P<0.05) 151 RN IETER P AT
AR QU S sm I KM, AT S5 SR R SR 5 i
HIEREN E AR D ARSI AR, A R e TR 375
AH ., BEGE SR, Cheng 881 W58 & BLALEE
PSS, MR AOANEE H BE W 2R IR 5 R TEN
WENRAH L, S TER R EA S s RS . AR

TEA LT 35 i BT AR TE I ol U, wT U] el
TR, IX R A TER E R A R A6
2R

3.5 AIE4RERERME

IR DER SRR R e . VER L AA
R AR PR T v HIESOENE AR EE T, dm i
AW E A E - 53 f# . Prachayawarakorn 4541 &
I = I EG AT S 1A MR RE I AR AR I R S
TR A R A e . 25 SRR, IS A E 3 v s
16 d JEERERAT RN T | % BAST B AN i 2k for
AR AR AR RS T AT W R R (P<0.05) . BB
HUARERE MY T R T BB P TR ISOK o B A —E
PRV LA B 38 P AR e ] RERR ARVt W . DE
AP Dy A — B R S 25 R ] A R Ak
B RWFIHEABRKIER, HERWE S5 TEM s TIE S
P R LB 25 HE), IR ST R RS i v, AT Ua
A BB, SUE A YR SR B RS R
PETE Y I T A S S R S8 B A T 9 F TR S A A [R])
TR I R (g SR MERE AR [R) SR8, B TS 2 BT
P8 VIS EA) Sk s S 2 T ) AR D R s S T HH AR [R]
RS 1) <AL, ARSI et SE Ry < f L/ A H
20>, B e B B R B B IO, 3 — 3G m] L BEER
FN AT KA DL R S5 5 A B AR R it . e Wi
A=W RS ERIF ST 2, RO TR SR E T A P,
TR I AT T RN 7 .

4 FIEYIREREEM EEIRE A

H AT S5 YL G ™ 5 L KA i e IR A BR 45 7]
BIGE S, AT A PR A B s A i s R e A )
MBS YL IR FEY, I HIs X v A= A A (e
HIfEE . ETAEYMREYNERGEE R —FE
DL AL, T SER AE DT R SRS SR AR R . T
A5y R 2 0 T TR R 2, (LR T A BB,
T 22 5 HA IR & W 45 A LA 5% FCA LB AR R 7K
Mo ARZTEN, BN E IR S A PR &, m i
it FH BEFE R AR i B S A LA R BEL B P BE A T A2
PyREAR R, /R A2,

F T WL -5 B M- B oK IE A I 48 A LR BEBR A
FHHNE ) = 2N FH T Feoan et . BUEAH R AL
J& AT B R SR A R R 2R Sy kL
ST, AW E AR R T . 3R
B MR Ry B —E . 1WA, YRR
A AR ) e T ARSI SAR A O AN B, BB AFLIR
HEERTE 2 2 S M PR R4,

{6 PRI R A Ao T R BT (e 5 RN 1 B 0y
L, FTE BRI SR DA A E T
PR AN, N et AT, ToIe R AR et (o, iR
SEINHIANE, PRI LR Za RS I R A 25 SR
HeAb, A R 2 (8% A B AR Sl s ST IR
B, e LS E AR S R . 25 Lk,
VEAR B DO REREMEAZ UE K . BEYAR . SR



%44 515

W 8,5 TR AR SRR e S o BT S i e - 479 -

FANC PEAES2 M, AP T 2R I LB s e Y
FATEIE LU, F GEAY SN IS BRI 25 fe oAb .
5 Zr5RE

Rl PR B S B HE T, R SE R A S AT AR W R i
R L TR R . SR, GER BL AR R HE
22, MELLHIE I T 28 VRGBT SR ] A= W e it
BB, XA RITER BEA T B — M I AN REf R 6L
TR R HALERE 22 55 R8T, SRR SR EE I i
R T 0 B S LR, A G IR 22 ey
L LU RS G SA50] . BESERR AN KR I ORI A . A, 3
Aoy BT REEAR PRI A7 AR R o T LARIFSE A
AEAYIRIT, BIFFE AT ] 22 e B A iy bt B | ik
7 IR AN A T BT PR I Ty vk AR 7 GE R
HEAS UL AE 2 H Y

1T A0 VE M P e 1y sk R 22, Rk
ST EEXTTERY . G IHFN NG AT 24 758 25T, T
SRAE AR K FEFR A [ A=, S B a A4
BIUHER BEREAR . HAh, AR EAT TN 2 A S TXF
HBPEREAOAIFSY, IR TEM) 22 NS BEA T IR A
FIBITSE, TERY EEF S RPBMAERE Z A FTER C R 2 iF
TNV . WIFFEE i) 28 AV ISE g A At HL
AWIFERE L o IREMEAS | i PERE A TE N ik vT (A
FRRBEASKI F AR, ek Sl R AEEA T Sk au e
ABE AT PR L A B2 PSS A5 B 22 405 21 W

SE LK

[1] REINOLD S, HERRERA A, HERNANDEZ-GONZALEZ C,
et al. Plastic pollution on eight beaches of Tenerife (Canary Islands,
Spain): An annual study[J]. Marine Pollution Bulletin, 2020, 151:
110847.
[2] SAEAUNG K, PHUSUNTI N, PHETWAROTAI W, et al.
Catalytic pyrolysis of petroleum-based and biodegradable plastic
waste to obtain high-value chemicals[J]. Waste Management, 2021,
127: 101-111.
(3] WO, XX EBHERBRIREE L SMA OB &5
HIE[D]. ®%: ®MEFE T K5, 2020. [ YAO S. Preparation and
property control of basalt fiber reinforced polylactic acid green com-
posites [D]. Xi'an: Xi'an University of Technology, 2020. ]
[4] ZHANGL, ZHAO J, ZHANG Y, et al. The effects of cellu-
lose nanocrystal and cellulose nanofiber on the properties of pump-
kin starch-based composite films[J]. International Journal of Bio-
logical Macromolecules, 2021, 192: 444—451.
[5] AHMAD M, NIRMAL N P, DANISH M, et al. Characterisa-
tion of composite films fabricated from collagen/chitosan and colla-
gen/soy protein isolate for food packaging applications[J]. RSC Ad-
vances, 2016, 6(85): 82191—82204.
[6] VALENTIS, DIAZ A, ROMANINI M, et al. Amorphous bi-
nary dispersions of chloramphenicol in enantiomeric pure and
racemic poly-lactic acid: Morphology, molecular relaxations, and
controlled drug release[J]. International Journal of Pharmaceutics,
2019, 568: 118565.
[ 7] IRASTORZA A, ZARANDONA I, ANDONEGI M, et al. The
versatility of collagen and chitosan: From food to biomedical appli-
cations [J]. Food Hydrocolloids, 2021, 116: 106633.
[ 8] RIZZARELLI P, RAPISARDA M, ASCIONE L, et al. Influ-

ence of photo-oxidation on the performance and soil degradation of
oxo- and biodegradable polymer-based items for agricultural appli-
cations [J]. Polymer Degradation and Stability, 2021, 188: 109578.
[9] PERERA K Y, SHARMA S, PRADHAN D, et al. Seaweed
polysaccharide in food contact materials (active packaging, intelli-
gent packaging, edible films, and coatings)[J]. Foods, 2021, 10(9):
2088.

[10] WANG B, YAN S, GAO W, et al. Antibacterial activity, op-
tical, and functional properties of corn starch-based films impregnat-
ed with bamboo leaf volatile oil[J]. Food Chemistry, 2021, 357:
129743.

[11] CAZONP, VELAZQUEZ G, RAMIREZ J A, et al. Polysac-
charide-based films and coatings for food packaging: A review[J].
Food Hydrocolloids, 2017, 68: 136—148.

[ 12 ] ZHANG C, CHEN F, MENG W, et al. Polyurethane prepoly-
mer-modified high-content starch-PBAT films[J]. Carbohydrate
Polymers, 2021, 253: 117168.

[13] SHA H, CUI B, YUAN C, et al. Catechin/f-cyclodextrin
complex modulates physicochemical properties of pre-gelatinized
starch-based orally disintegrating films[J]. International Journal of
Biological Macromolecules, 2022, 195: 124—131.

[14] CHENG M, CUI Y, YAN X, et al. Effect of dual-modified
cassava starches on intelligent packaging films containing red cab-
bage extracts[J]. Food Hydrocolloids, 2022, 124: 107225.

[ 15] TANG J, ZOU F, GUO L, et al. The relationship between lin-
ear chain length distributions of amylopectin and the functional
properties of the debranched starch-based films[J]. Carbohydrate
Polymers, 2022, 279: 119012.

[16] VIANA E B M, OLIVEIRA N L, RIBEIRO J S, et al. Devel-
opment of starch-based bioplastics of green plantain banana (Musa
paradisiaca L.) modified with heat-moisture treatment (HMT)[J].
Food Packaging and Shelf Life, 2022, 31: 100776.

[ 17 ] PUNIA BANGAR S, WHITESIDE W S, DUNNO K D, et al.
Starch-based bio-nanocomposites films reinforced with cellulosic
nanocrystals extracted from Kudzu (Pueraria montana) vine[J]. In-
ternational Journal of Biological Macromolecules, 2022, 203: 350—
360.

[ 18] GUO Z, GOU Q, YANG L, et al. Dielectric barrier discharge
plasma: A green method to change structure of potato starch and im-
prove physicochemical properties of potato starch films[J]. Food
Chemistry, 2022, 370: 130992.

[19] #hm4a, 247 %, BO A a9 £ AR IR S L RAH[T].
Ak £ b 38 R, 2021, 37(3):38-42. [XU L J, LOU X M.
Production technology status and development trend of modified
starch[J]. Grain and Oil Storage Technology Newsletter, 2021, 37
(3):38-42.]

[20] ZF. mH/LBRBEEERY B M AFREG R &St
Hr5[D]. b P ERR KX, 2018, [ WANG X. Preparation and
properties of starch/lactic acid graft copolymer and its starch-based
films [D]. Beijing: China University of Geosciences, 2018. ]

[21 ] WANGB, YU B, YUAN C, et al. An overview on plasti-
cized biodegradable corn starch-based films: The physicochemical
properties and gelatinization process[J]. Critical Reviews in Food
Science and Nutrition, 2022, 62(10): 2569-2579.

[22] RAL. D EAFRIH 5T BRI 5B & B e e B
[D]. #%M: #% M X5, 2016. [ ZHOU D D. Starch structure forma-
tion in wheat grain and its response to high temperature[D]. Yang-
zhou: Yangzhou University, 2016. ]

[23] JUNEJO S A, FLANAGAN B M, ZHANG B, et al. Starch


https://doi.org/10.1016/j.marpolbul.2019.110847
https://doi.org/10.1016/j.wasman.2021.04.024
https://doi.org/10.1016/j.ijbiomac.2021.09.187
https://doi.org/10.1016/j.ijbiomac.2021.09.187
https://doi.org/10.1016/j.ijbiomac.2021.09.187
https://doi.org/10.1039/C6RA13043G
https://doi.org/10.1039/C6RA13043G
https://doi.org/10.1039/C6RA13043G
https://doi.org/10.1016/j.ijpharm.2019.118565
https://doi.org/10.1016/j.foodhyd.2021.106633
https://doi.org/10.1016/j.polymdegradstab.2021.109578
https://doi.org/10.3390/foods10092088
https://doi.org/10.1016/j.foodchem.2021.129743
https://doi.org/10.1016/j.foodhyd.2016.09.009
https://doi.org/10.1016/j.carbpol.2020.117168
https://doi.org/10.1016/j.carbpol.2020.117168
https://doi.org/10.1016/j.ijbiomac.2021.11.206
https://doi.org/10.1016/j.ijbiomac.2021.11.206
https://doi.org/10.1016/j.foodhyd.2021.107225
https://doi.org/10.1016/j.carbpol.2021.119012
https://doi.org/10.1016/j.carbpol.2021.119012
https://doi.org/10.1016/j.fpsl.2021.100776
https://doi.org/10.1016/j.ijbiomac.2022.01.133
https://doi.org/10.1016/j.ijbiomac.2022.01.133
https://doi.org/10.1016/j.foodchem.2021.130992
https://doi.org/10.1016/j.foodchem.2021.130992
https://doi.org/10.1080/10408398.2020.1868971
https://doi.org/10.1080/10408398.2020.1868971

- 480 - £ Tl B4

2023 4F 8 A

structure and nutritional functionality-Past revelations and future
prospects[J]. Carbohydrate Polymers, 2022, 277: 118837.
[24 ] ZAN K, WANG J, REN F, et al. Structural disorganization of
cereal, tuber and bean starches in aqueous ionic liquid at room tem-
perature: Role of starch granule surface structure[J]. Carbohydrate
Polymers, 2021, 258: 117677.
[25] B—3&, A2 A, FUR0E, 3. Bk SO IEH B 09 AT LR
1. & & A3, 2021, 42(7):319-328. [ZHAI'Y T, BAI Y X, LI
X X, et al. Research progress of enzymatic modification of starch
granules[J]. Food Science, 2021, 42(7): 319-328. ]
[26] MA M, XU Z, CHEN X, et al. Architecture of outer shell and
inner blocklets of rice starch granule is related to starch granule-as-
sociated proteins [J]. Food Hydrocolloids, 2022, 127: 107551.
[27] # X 2REHFRIRS ST LEMHRID]. it 4
PR X, 2016. [ HAN W F. Molecular structure of intermedi-
ate fractions of corn starch[D]. Wuhan: Huazhong Agricultural Uni-
versity, 2016. ]
[28 ] CHI C, LI X, HUANG S, et al. Basic principles in starch
multi-scale structuration to mitigate digestibility: A review[J].
Trends in Food Science & Technology, 2021, 109: 154—168.
[29] SUN X, SUN Z, SALEH A S M, et al. Understanding the
granule, growth ring, blocklets, crystalline and molecular structure
of normal and waxy wheat A- and B- starch granules[J]. Food Hy-
drocolloids, 2021, 121: 107034.
[30] WANG S, YU J, YU J. The semi-crystalline growth rings of
C-type pea starch granule revealed by SEM and HR-TEM during
acid hydrolysis [J]. Carbohydrate Polymers, 2008, 74(3): 731-739.
[31] RAO M, OKECHUKWU P, DA SILVA P, et al. Rheological
behavior of heated starch dispersions in excess water: Role of starch
granule[J]. Carbohydrate Polymers, 1997, 33(4): 273-283.
[32] %%, F4 Bl 5 ARALSRLHEN0E T LES
M), Rnds R B Tk, 2018,44(3):241-246. [ SHIM M, LI D,
YAN'Y Z, et al. Raman Spectroscopy analysis of starches with dif-
ferent crystalline structures[J]. Food and Fermentation Industry,
2018, 44(3): 241-246. ]
[33] Fh%. BEF 8 H RABT = Ab iy B4 S2AC 5 R 89 %o
[D]. & w5 R K %, 2020. [ SUN Y. Effects of konjac glu-
comannan on physical and chemical properties of three crystalline
starches [D]. Hefei: Anhui Agricultural University, 2020. |
[34] 473%, Bk, &2, % sk kENZEF LR T b A44
Temrde LA 048 (1], & T kA, 2022, 43(7): 309-309.
[ HE J, YAN F Y, HUANG F, et al. Determination of amylose and
amylopectin in potato and potato products by dual wavelength
method [J]. Science and Technology of Food Industry, 2022, 43(7):
309-309. |
[35] LIE, YANG C, WANG J, et al. Leached starch content and
molecular size during sorghum steaming for Baijiu production is not
determined by starch fine molecular structures[J]. International
Journal of Biological Macromolecules, 2021, 184: 50—56.
[36] CAIL, SHI'Y. Structure and digestibility of crystalline short-
chain amylose from debranched waxy wheat, waxy maize, and waxy
potato starches[J]. Carbohydrate Polymers, 2010, 79(4): 1117—
1123.
[37] LIC, WU A, YU W W, et al. Parameterizing starch chain-
length distributions for structure-property relations[J]. Carbohy-
drate Polymers, 2020, 241: 116390.
[38] HUANG J, WANG Z, FAN L, et al. A review of wheat starch
analyses: Methods, techniques, structure and function[J]. Interna-
tional Journal of Biological Macromolecules, 2022, 203: 130—142.

[39] 70l &k, 3% ExT 2 RiTh B LM Fa[D]. x: F
AR Ak X %, 2015. [ SUN P R. Effect of high Static pressure on
grain structure of corn starch [D]. Beijing: China Agricultural Uni-
versity, 2015. ]

[40 ] ZHENG B, GUO X, TANG Y, et al. Development changes in
multi-scale structure and functional properties of waxy corn starch at
different stages of kernel growth [J]. International Journal of Biolog-
ical Macromolecules, 2021, 191: 335-343.

[41] SHUL, DHITAL S, JUNEJO S A, et al. Starch retrograda-
tion in potato cells: Structure and in vitro digestion paradigm[J].
Carbohydrate Polymers, 2022, 286: 119261.

[42] RAHAMAN A, KUMARI A, ZENG X, et al. Ultrasound
based modification and structural-functional analysis of corn and
cassava starch[J]. Ultrasonics Sonochemistry, 2021, 80: 105795.
[43 ] PEREIRA D G, DEL PINO BELEIA A. Characterization of
acid-thinned cassava starch and its technological properties in sugar
solution[J]. LWT, 2021, 151: 112151.

[44] GAOL,WUY, WAN C, et al. Structural and physicochemi-
cal properties of pea starch affected by germination treatment[J].
Food Hydrocolloids, 2022, 124: 107303.

[45] AJALA A, KAUR L, LEE S J, et al. Influence of seed mi-
crostructure on the hydration kinetics and oral-gastro-small intesti-
nal starch digestion in vitro of New Zealand pea varieties [J]. Food
Hydrocolloids, 2022, 129: 107631.

[46] LIP, DHITAL S, ZHANG B, et al. Surface structural fea-
tures control in vitro digestion kinetics of bean starches[J]. Food
Hydrocolloids, 2018, 85: 343—-351.

[47] GUOY, CUIY, CHENG M, et al. Development and proper-
ties of active films based on potato starch modified by low-tempera-
ture plasma and enriched with cinnamon essential oil coated with
nanoparticles[J]. LWT, 2022, 172: 114159.

[48] LA FUENTE C 1A, CASTANHA N, MANIGLIA B C, et al.
Biodegradable films produced from ozone-modified potato starch
[J]. Journal of Packaging Technology and Research, 2020, 4(1): 3—
11.

[49] PRACHAYAWARAKORN J, KANSANTHIA P. Character-
ization and properties of singly and dually modified hydrogen perox-
ide oxidized and glutaraldehyde crosslinked biodegradable starch
films[J]. International Journal of Biological Macromolecules, 2022,
194:331-337.

[50 ] COLIVET J, CARVALHO R A. Hydrophilicity and physico-
chemical properties of chemically modified cassava starch films[J].
Industrial Crops and Products, 2017, 95: 599-607.

[51] WOGGUM T, SIRIVONGPAISAL P, WITTAYA T. Proper-
ties and characteristics of dual-modified rice starch based biodegrad-
able films[J]. International Journal of Biological Macromolecules,
2014, 67: 490-502.

[ 52 ] BIDUSKI B, SILVA F T D, SILVA W M D, et al. Impact of
acid and oxidative modifications, single or dual, of sorghum starch
on biodegradable films[J]. Food Chemistry, 2017, 214: 53—60.

[ 53] OJOGBO E, JARDIN J, MEKONNEN T H. Robust and sus-
tainable starch ester nanocomposite films for packaging applica-
tions [J]. Industrial Crops and Products, 2021, 160: 113153.

[54] NARVAEZ-GOMEZ G, FIGUEROA-FLOREZ J, SAL-
CEDO-MENDOZA J, et al. Development and characterization of
dual-modified yam (Dioscorea rotundata) starch-based films[J].
Heliyon, 2021, 7(4): e06644.

[55] MEHBOOB S, ALI T M, SHEIKH M, et al. Effects of cross
linking and/or acetylation on sorghum starch and film characteris-


https://doi.org/10.1016/j.carbpol.2021.118837
https://doi.org/10.1016/j.carbpol.2021.117677
https://doi.org/10.1016/j.carbpol.2021.117677
https://doi.org/10.1016/j.foodhyd.2022.107551
https://doi.org/10.1016/j.foodhyd.2021.107034
https://doi.org/10.1016/j.foodhyd.2021.107034
https://doi.org/10.1016/j.foodhyd.2021.107034
https://doi.org/10.1016/j.carbpol.2008.03.001
https://doi.org/10.1016/S0144-8617(97)00025-8
https://doi.org/10.13995/j.cnki.11-1802/ts.015059
https://doi.org/10.13995/j.cnki.11-1802/ts.015059
https://doi.org/10.1016/j.ijbiomac.2021.06.031
https://doi.org/10.1016/j.ijbiomac.2021.06.031
https://doi.org/10.1016/j.carbpol.2009.10.057
https://doi.org/10.1016/j.carbpol.2020.116390
https://doi.org/10.1016/j.carbpol.2020.116390
https://doi.org/10.1016/j.ijbiomac.2022.01.149
https://doi.org/10.1016/j.ijbiomac.2022.01.149
https://doi.org/10.1016/j.ijbiomac.2021.09.120
https://doi.org/10.1016/j.ijbiomac.2021.09.120
https://doi.org/10.1016/j.ijbiomac.2021.09.120
https://doi.org/10.1016/j.carbpol.2022.119261
https://doi.org/10.1016/j.ultsonch.2021.105795
https://doi.org/10.1016/j.lwt.2021.112151
https://doi.org/10.1016/j.foodhyd.2021.107303
https://doi.org/10.1016/j.foodhyd.2022.107631
https://doi.org/10.1016/j.foodhyd.2022.107631
https://doi.org/10.1016/j.foodhyd.2018.07.007
https://doi.org/10.1016/j.foodhyd.2018.07.007
https://doi.org/10.1016/j.lwt.2022.114159
https://doi.org/10.1007/s41783-020-00082-0
https://doi.org/10.1016/j.ijbiomac.2021.11.150
https://doi.org/10.1016/j.indcrop.2016.11.018
https://doi.org/10.1016/j.ijbiomac.2014.03.029
https://doi.org/10.1016/j.foodchem.2016.07.039
https://doi.org/10.1016/j.indcrop.2020.113153
https://doi.org/10.1016/j.heliyon.2021.e06644

%44 515

W 8,5 TR AR SRR e S o BT S i e - 481 -

tics[J]. International Journal of Biological Macromolecules, 2020,
155: 786—794.

[ 56 ] SHAIKH M, HAIDER S, ALI T M, et al. Physical, thermal,
mechanical and barrier properties of pearl millet starch films as af-
fected by levels of acetylation and hydroxypropylation[J]. Interna-
tional Journal of Biological Macromolecules, 2019, 124: 209-219.
[57] SORNSUMDAENG K, SEEHARAJ P, PRACHAYAWA-
RAKORN J. Property improvement of biodegradable citric acid-
crosslinked rice starch films by calcium oxide [J]. International Jour-
nal of Biological Macromolecules, 2021, 193: 748—757.

[58] YiLDIRIM-YALCIN M, SEKER M, SADIKOGLU H. De-
velopment and characterization of edible films based on modified
corn starch and grape juice [J]. Food Chemistry, 2019, 292: 6-13.
[59] WADAUGSORN K, PANRONG T, WONGPHAN P, et al.
Plasticized hydroxypropyl cassava starch blended PBAT for im-
proved clarity blown films: Morphology and properties[J]. Industri-
al Crops and Products, 2022, 176: 114311.

[60] SELIGRA P G, MEDINA JARAMILLO C, FAMA L, et al.

Biodegradable and non-retrogradable eco-films based on starch-
glycerol with citric acid as crosslinking agent[J]. Carbohydrate
Polymers, 2016, 138: 66—74.

[61] SILVA O A, PELLA M G, PELLA M G, et al. Synthesis and
characterization of a low solubility edible film based on native cas-
sava starch[J]. International Journal of Biological Macromolecules,
2019, 128: 290-296.

[62] CHENJ, ZHANG J, LIU D, et al. Preparation, characteriza-
tion, and application of edible antibacterial three-layer films based
on gelatin-chitosan-corn starch-incorporated nisin[J]. Food Packag-
ing and Shelf Life, 2022, 34: 100980.

[63] Ke3. A Tw EAMMMILEE B A UEMIR R L
M LA RS A (D], K AP Rk k4, 2019. [ ZHANG
Z. Antibacterial and fresh-keeping application of starch-based film
based on Layer self-assembled microcapsules of thyme essential oil
microemulsion[D]. Wuhan: Huazhong Agricultural University,
2019. ]


https://doi.org/10.1016/j.ijbiomac.2020.03.144
https://doi.org/10.1016/j.ijbiomac.2018.11.135
https://doi.org/10.1016/j.ijbiomac.2018.11.135
https://doi.org/10.1016/j.ijbiomac.2021.10.157
https://doi.org/10.1016/j.ijbiomac.2021.10.157
https://doi.org/10.1016/j.ijbiomac.2021.10.157
https://doi.org/10.1016/j.foodchem.2019.04.006
https://doi.org/10.1016/j.indcrop.2021.114311
https://doi.org/10.1016/j.indcrop.2021.114311
https://doi.org/10.1016/j.carbpol.2015.11.041
https://doi.org/10.1016/j.carbpol.2015.11.041
https://doi.org/10.1016/j.ijbiomac.2019.01.132
https://doi.org/10.1016/j.fpsl.2022.100980
https://doi.org/10.1016/j.fpsl.2022.100980
https://doi.org/10.1016/j.fpsl.2022.100980

	1 淀粉结构与特性
	1.1 颗粒结构
	1.2 生长环结构
	1.3 片层结构
	1.4 分子链结构

	2 制备薄膜的淀粉改性方法
	3 改性对可降解淀粉基薄膜性能影响
	3.1 厚度、溶解度和溶胀力（swelling power，SP）
	3.2 机械性能
	3.3 水蒸气渗透率（water vapor permeability，WVP）
	3.4 薄膜颜色与透明度特性
	3.5 可生物降解性

	4 可生物降解淀粉基薄膜的应用
	5 结论与展望
	参考文献

