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Recent advance in research of chitin in the field of food science
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Abstract: This review summarizes the latest research of chitin in
food field, including the application of chitin film as food packa-
ging materials, the application of chitin microspheres in immobi-
lization, adsorption and separation of macromolecules. the prepa-
ration of nano chitin and its application in emulsification, regula-
tion of food texture, antibacterial function, and health promoting
effect, the new method for preparing chitin oligosaccharides.
Keywords: chitin film; chitin microspheres; nano chitin; chitin ol-

igosaccharides

MrRE AR P HEEOR TAERNE RS
B IZ R TR ST B 7 A A R R 2
ot e OB C B2 L TR A T E e T
JE b Y 7 23R R JBE 2 16 A0 34 19 A8 56 BIF 58 B i T 4 2 L
AT A2 58 J5 i i 4 290 oK FT 58 38 R g T FR 7 3R R

ELWB :HEXARB¥EESEFFEELELTH (H5:31801588) ;3
M RHE ORI H (45 :182102110246) 5 M F 44 7
2R S RHITI E (405 - 18B550013) 5 8 M 42 Toolk K
- BT RS 3 H (45 :13501050058)

PEE R s B G Tolk K ki, 1

BEMEE 29720, T e Rl K #8211
E-mail: libinfood@mail.hzau.edu.cn

%5 H HA :2020-02-24

RBTE BTN EARE £ 5, T BOr AR B e ik, R g
SRV R R B L SRR PR N e S S S 8 R e R L]
SRR AE Ty s Z L T 5T AR LR AR T M T R
AALLTEIRBE » FH 58 R A — S0 b AR L A FL 2R ZE R 9 K
T 2 25 40 WK 4 K 2T 2 2 6 B9 ML BRCRE 1 o o A 0 A
P P 52 3 20 T R B SRR S L e Ak R T SR
R EUHA R R B AR 35 R S D) R . T AR OR
— ZR BB G0 PR AR A R R R B R
5 4 v R A T B T A O R SE R AT ST AR A T
D78 . SCHE DU ZE 5T RAE R dh ST 5 4F 1Y 5B DF 5T
PR IER R Sy i AT IR LU O R R OE S
B R 2%
1 e A

R RFER FHCEM e R RP R,
703 T BORIR T R Le Bk S W % L 1 B SR P A
XA o AN P T I A5 30 A B R G T ) U A
B, A A R A AR RE AL AR b BE AT B SE R AR T
Y. o HISE R ORI T AR M S5 A 52 S W 4k ot ok
Pz R R A E S A L R T H O T TR R
SEEAE T Sy S X 9 T O R L i EL AR RE & LR 0 AR T
ARAEST T oy T 56 IR 00 75 45 B & BT SER BT 58 o
R,
2 WK PRI A 0 OPESE LG

PF 5 3 S

P GE W 58 2 $ HOEE SR 20 R 25 B AR 88 7 Hh B IR AT
AL BRI B E A RN R R AT AR
T RE R i PR B X IR BT A — g Y. BFSEE TR B

221



222

R BR ADVANCES

Y i CERRE TR T2 pH KR IR FR BT, Al 2k R AT .
T 5% P I B P T, AT LIRS B B 2 1 AR BLBAE
W) % A R PR A T R (D LR RE 2 BR A L S P Bk
T2 405 405 1 43 PR AT AR R A0CAE W K T — 25 L BR O L B o
Hh e R 5 AR T AT B e R B W R T T A R
TR TR R R TG . BFRDY R
RYARE SN T 20 CUn 48 B R b B A ) RE S SR AR )
SRR B RE ) L SR R I 2 R AR .

G ER N =5 BR N-H 3L mk-N Ay N m
S, CaCl,-MeOH & £) R X 3 B 45 5 47 % A fg v A
F& AR . BUR F AR MR R NI ok K
Wi — Rl B i R R AR RO R E A A E
YRR Z R R EME T RREE R R 5T 1
SR F SR A VR R R L S A VR R B L R S R R T
R AR ELEWIR e R . KR R TR 5T
OO R IR U IR S IR S B R R AT,
W— & 5 B 5T E A R SR R kT R R
JEEEOT SR R R A . G MR TR R TR
BRI FARRR . 5 F R EAER R KH 5, 7E55 109
BB HEER T o Bt R A HOE R RN
KA 2 O T 52 R BOR . H& VA i P AR A
Bl PR R e ol 58 4 2k . A0 i AR AR G et B R
G THAC RN Y BEAT AR 2R R T A X H AT 3R W AR
PE R BRI T DL R 2 e R A T B )R
PRI N OKEE R R R BN R R S T
TRk IE H A P A TR I B A R A R R IR SR L T
7E 37 CLL LB BERE AR T L REE A . B ik b
2 5T AL 2 a0 3 — w7 i Al 2 i
bl E NN SR (NN Qa7 N Rtk S WS A< R =
WOE A TR ik — 2B PPl
3 WS &S & b A A G Y I fig

YE R

R ETmTE Ry AR S AR
B e R AMER AR e R e R B RS ST &
FEAT AT % 2K DA B0 PR A LT S R
1L WL A B E LR R AR E K R
[T el = T i N (1L Ay s T3 s [ o = M S 2 1
Pori.

3.1 HBEHRTRERNIIRSE

HSE R AR — b B LA 0 e 6 e e L T o 5 Y
FEFE R kL. Duan 450 ) 8 IR 2 9 7 14 F 7E AR IE &%
TR, E S ER S 2. LSRR E. T
PRAE LR A B T i KR P A o R,
T 7E R [ B [ v b 220 L T A5 B AL AR 1 BE L BEL A ME iR L
25 ¥ AN ) 1 PR 5 3R, T B T R R O 45 IR R 4 AE

BE 2258 | 2020 £ 7 A | RaSUUH

Fl. Wang %57 5 e AR LA B T 34 10 0 3 ) A A 80 T
ie R BE PR ST M O A B R Rl R R SRR S 2 B4y
T 1 iR Z Y R R K AR AR T 8 S — i fRT R R S TR
HABTTE— LB T HA R P A Ak Byt 1 i 52
REZWME AW LB BA PR B &K 28 B T R AR
FELAC PR3 TS AL 0 R AE 0 35 2 4 a5 7T B T B 4 2
FERHE B i Pt S 255 U0

3.2 AREWMMSE®EIBRW. AB. BEBEER

KINEESHF &

19 0 TR TR G 22 L2 L b S TR B K S A AT T
TN T B 43 B LK A3 I AR IR . Wang 48
I Y 56 3 7 B DR 3R AR 2R P B M R S LR
PR I M 4 T REAE S 90 pm~1 mm B F8 R MER %07
LSRR A T AR AT 32 36 7R o EL T 3 o 98 5 ik AR K
FE L 51 LA 50 ok 2 L 8 4 e sk 981 3 O o 5 RO ) R A
(7] B o el ek ol 6 0 P AH 20 B R BN 2 LA E & TR
SRR 53 R T8 5 A3 A 0 B 5 45 AT o o o AR R S T
P D 4 Al = RS 2 1 TR e SRR AE T . R I
TR 5 38 SR e Bl ARG AL B 2 I 7 0 ) & 07 i A B < e T 2
FE MR SR I R S T 5 vk [ S L A o TR A T BT [
TE WY o VEA AT 00 1) T 52 T A RE L T R T A Tl
BRI . Ak L A 588 A 5 0 T 1 B A%
5T RE 55 9 T S A A S AN B R s T B T R
BRI T AR G HL A R R S A TR O 3 TR R AL
BRTT DU £ il Hh A7 TE F A A9 il (0 3B A B A 1 B 1
A DIRETER 7 R Ok 5 A OB A 22 AL 78 pH 6.5
PATR o f P F1 78 28 350707 LE R o IR0 10 0 20 vl A 70 H £ Y
BRMERAA EMRMEED . BFR R PR,
20 W 2 [A) BAT 50 20 A0 AR B AR A L IS8 % i K AT LA
PRI T 78 2R BE WA B O ot 2 By o L A 56 R BBk ) 25 AL Ok
K P A i A H 7 3R Rl Bk BE 8 T B O R BT K T AR
D9 AT F ) 2k A PR AP AR T 3R A I A B b St
PEIREER MBI . [ B B8R TE R i 5T R ORTE
i P R R 3% B T TR 4 i R T A W e
RAE AR I3
3.3 MAREEMHERESRERAAT.ATRMA

B GE RESEEX TR

(R FY 7 28 B A0 2T 2R 25 4 L i 5 AL AR o £ T A
F I FERPOR LYt MK ZF 24 i BE 4 BOR S T E &
st AN [ 4T R AR T TS TR R 2% O R BT AR ANk TR R
TEAR P B AR 3 AN [ o PR 0 i SR T S ol R R E T
oK HH 7 2 BR R R A i Ok BOB R
3.3.1 HORWIER I &k W R 07 ] A AT
FH 508 A% 52 1] B b B0 7 B AR A A5 2 94 K T 72 &KL T 4
FHSRAUBAE T A REARAS G K W se 2K . B AW T A9 3 AL
BT AL F O R RS R AR R R



&M | Vol.36, No.7

-l TE LA o R T B RE AT 1 S8 R A4 K 45 4E L (1
BT L FET EL 2 i R B . e Ab . T 3E A e R K
fifp 25 R TP 58 R T0 8 Y X I A5 B 5 A 45 R X Y e R
AR LB 1 A 27 3R] SR AR 5 R A B 4K o
R RRK AR AL AR AR T AL T B 5t AL
FR LA Kot AR P LA R il P I A RS B AR 9 A )
R, Wang 5158 1 B bR 3R RV A T 7E 3 ORI R 58
kAR AR R R ZHAENCRERERT T A
7S Ak B R AT 2 BOK T g oK 903 i TR e Ok T HL AT E
i S0 K P (] AR R 58 3R TR AR X I O T SE R
U R A A BT 23 1 18] B AR R T U 5 8 A AL T
SR R . Zhang U0 vk W IR A O KL R
BRI AR T RYOKL 48, 3 — B 1L T 8 5
P A A 3 A 2 A K R S8 3 D
3.3.2 YK SR SR E B bh K 5 I A 56 0 D RE A A
FY 7 2K R Bk 1) W 30 45 0 B R A L BB ARUE Tk
FLIE . Perrin 5275 i WR K fift ¢ R AT B g H 40Kk
ity JH TR RE il K B T A 3 3 3 L KR e T FL
P 7 2 T v A S PR R Y R S T T AR 4Ok T R R E
FLIR AL B 1 5 R AR AL T R B T A FR . Wang
SR B AL BT A4 A4 0K B 58 R A E FLIRAE TR 90 C
D N R O SR R N & R A o N e oL R S L4
S K TS R BEAE 58 pH Y B N R E FLW . H pH &
R T A FLORAR /I S TR B SE RAE A A pH AT
JIe s fhL A A [R] 23 T8k I A T o DR T T A 5L 10 H) IR0 4%
LA . Sun YRR R B 58 R A9OK 4T 4t K B
T A A YR RE FUIEL B TR B R AR E FLE
A SE L Y B0 R E T T N AR AR L R T B Y T 4
3% R O S R A K R TS ORI B (]
TE 58 Z S e g K A BAR I, 2 THRIEM T RS
T4 FLALE
3.3.3  YASK W52 2 5 PRI A S AR LR P RE L3 0 £
B AOC A T REFRE  HT 72 3 90K & O 52 K0 45 & IX
s LA B B L R T AR D A R 3 ) T
VTR AL TR . W SR BE 5Tk B A8 ] A £ T RE R
T 5% TR I LI TS 4 AL TR 7 R 4K B — AT
50 T R LB BE [ I 4K T 52 3K D 2 ELA B
ZUE AR AR AR D AR T 3R 0 T AR 4 4E T R AE
% P G R T R A A R RE R A R AL R, Ge
SEEUR T I L E W O TR 5 R AR AR D Y
JB IR AR T 117 °C L BB A B N 100 4% 45 ) B O L X R
[ g B 7 28 400 K it 05 T 2 T A A 5 2 Y R B A e
FHEAE T S B i Y 7 3 T8 00 im0 Y R B R 2% 45
ey T B 1 B R 4 B e B % R B R D 5 IR A I K
BUAE W IBE b 7 T FY 58 28 40 oK B o W Y T 1 E A% T
PR A VE RE B . Yuan 455 5@ i 78 K SR (PR i

EEES FRRERAUENETHRAER

TR AR ET Y R JH AT S It e e Il S8 5 O T A5 B T 5
FIPERETT 98 9 A BT AL R G B BEI . X T T E R N
KEF 4 1) v HLBK P E K 5K B ) R 2 A
TERT.
3.3.4 HRWRRSEMPIEMCHKIIREREE 2K
FRREBA MBI ER . TFE R AOR R R
SEIE PEIE £ 1t (JBE C B IE o 2100, A 58 KB 4 Bt
JE =550 I W1 58 R AT BERR 58 D AL B L S 2 Ak
114 5 ko S B 58 340 K AR R DR G 0 A
JEIE 2 Tt 24 K HH 52 3R OB 2 o 21 6 1 AR S b4 ek 34 i
FRUBE 38 AT T b OB — S BT M RE . Qin SV R IE R
B 7 ] 4 TR BE R TR AR oI A — S W 5E R K AT
B T T A5 oK E A B B BB RE A B O i A R AN,
B BREAE B A — B P RE 5 A2 5 BE G S 22 I R
B 2 BT R A A SR R SR T R 22 IR R ORI AT .
LI o T3 PR A A A R 5 R S ] A AL B
LA IE R A FR) R S AR 5 AN 4 A0 i BE 2 TR] A AR
TEF . S, Shankar 2500 % BLRR K fift K o JE £ )5
Je B4R 4 ok Y 7 2% RE 1 0 - 130 I8 T 4 AL A At A R 4 T
RE - T 15 209 K T 52 38 B0 A2 4 IR0 2 00 1 1 L LA 3
EEYEOR N K (EEE
3.3.5 HUKRHER SR REREE  BIRT R
B T 5T 3R AR LT GE AR U AT — 5 19 B I A T X
T W I o B TP 7E R 90Ok £ 2 i SR A RE BT 1122 R
LI BRI 65 S Dk 20 T 0 7 T O v #) R 2R BTG s B i s
JIT 5 FY 7 28 00 K 2T 2 1 B A BE 9 A 22 SR 1A B I s 2> 28 B
NEWTA7 AR 2R . b F 58 2 94 K 2F 2 — b e 2 44 i 1Y)
JRE T 2 L RE R 0 BT R b R B R NI R R
PR R L AT ES I T A R R A b A L T e L AR
FLIEE 1 90K T o2 R A€ 3L IRAE B o I 112 . 6 i
R T A L DR T PT 4R B RE A /N . ORI O WS RN
oK IR AN AT 396 05 B3 i K S T . EL 40 oK TP 58 3R 7 % 2 A
o T I 235 2 kA LR N A RS BE AT K S T I
TH A A DA% 5 Y78 3R 4K f B IR T R A LR IR N
it 19 1 7 5 BONG 7 7K Ak A 18 BT e R B
A3 S e R T A E L RA 45 A L 5 ) FL R B0 T A
T 25 K I s R MAC 5 B T A RE R B AR
3.3.6 YK HISEHR G HAE ARG M DI REREIE T AT
TWF 50 2 B - 72 € B ] i Poin AL B 58 38 900K B 20 BB IE 42 0
oy ) JE ) BRI R A AT D, 1R TR O Y SR R 4K R S
E B T 2 (8] A7 7 5t Z A SR K K AR AR T BHLAE T
TR TROE AR T AE 2 3E R 1) 2. H W e RAE N
— iR B £ 4 L AT AL SR A RE & L RE T A E N BB A W R
fifk » DT 52 4% fit B 2 2

WFgE W] 9K B2 AR A A BORHEA O RS
AT 5 0 R A o T K T A SR ZNAH AR T AR AR

223



224

MR ¥R ADVANCES

BCAE T U LA, ISR T o D R T S 5 0 R 4
K FR 56 2 AT S — T 2 T R £ TR
3.4 HRZEBNFESESE

SEMER — S R F o 1 A W A R Y 45 A T
AE S DIRE A F B & g dhd . Hoe R M
S5 i 45 1 T 2O 5T R SO0 ) A A R L HE L Y R 4
o EERET I REY T k& H R EIEH
3 H AT o R K A O A B R R R S M (HL IR K R AE AR
PR AR SRS Y R AR BN, B K A — Fb
Ll 5 TR AN R 058 Al i SR AR 7 O XL R R R R
KW e RS B m B R R m AR WS R S R
B L T 5S4 T ] SR 2 U A T RELRS T4 T
KA SE R, H R WAL B AN R TR R LB LR R
JEE TR RS F RS EZN S T4, A
AR F AR, Zhang U5 I X B R R 1T & B
T Ab B, 58 i W R R TUAL B ) PR 5 36 A R 4R
T 3~54%.6 h W ZERILT 200 ZH . 2N
WL RREAR T RS RS M B A TR, XA ik
G FRIBAGAE ™, B B A REAE AL B8 I5 YL AR R A AIK
W

Margoutidis Z£5* B} 5% & B BR 35 40 B0 72 2% W) 45 %)
M REM REREH e R TR B R E T 28
AL SRR A B 1~5 1 52 RS0 BRE o
T T o0 R 04 - 5 BT AR 5 R S M VR R 75,80,
M7 A VA 00 8 04 - B 98 % A 8 Sy 35 00, I BRI Ay e 0 AT A
R AR I T BRI A AR S R R A L,
AT R 5 3R B0 0 1 3R 5 B SRR i A 98 O Y e R SR
B R A T — AR TS SR T k.
4 JEH

HSERAE I A B SRR SRRz
R — RN FAR K F B, o R RERRE
BB L K W BT 280 £ S R0 B R R
1 S U Y B R R BT AL . EL R e AR S — Fh
LR 2 BT AR (R R 45 £ O T AR R A A P L R
AR 5T B 8 AR S — o 28 £ a1 T R
AR R T

S 3% 3k

[1] XIN Shang-jing, LI Yun-jun, LI Wei, et al. Carboxymethyl
chitin/organic rectorite composites based nanofibrous mats
and their cell compatibility [ J]. Carbohydrate Polymers,
2012, 90(2): 1 069-1 074.

[2] XIONG Wei-fei, REN Cong, TIAN Mo, et al. Emulsion sta-
bility and dilatational viscoelasticity of ovalbumin/chitosan
complexes at the oil-in-water interface[ J |. Food Chemistry,

2018, 252(30): 181-188.

BE 2258 | 2020 £ 7 A | RaSUUH

[3] BONILLA F. CHOUIJENKO A, LIN A, et al. Chitosan
and water-soluble chitosan effects on refrigerated catfish fillet
quality[J]. Food Bioscience, 2019, 31: 100426.

[4] KUMAR S, MUKHERJEE A, DUTTA ]. Chitosan based
nanocomposite films and coatings: Emerging antimicrobial
food packaging alternatives[ J]. Trends in Food Science &
Technology, 2020, 97 196-209.

[5] FANG Yan, DUAN Bo, LU Ang, et al. Intermolecular in-
teraction and the extended wormlike chain conformation of
chitin in NaOH/Urea aqueous solution[ J]. Biomacromole-
cules, 2015, 16(4) . 1 410-1 417.

[6] WANG Yun-tao, LIU Ting-guo, SHAH B R, et al. Ultra-
sonic treatment of g-chitin regenerated from a NaOH/urea
solvent with tunable capacity for stabilization of oil in water
emulsion[J]. RSC Advances, 2015, 107(5) . 88 316-88 323.

[7] WU Jie, ZHANG Kuang, GIROUARD N, et al. Facile route
to produce chitin nanofibers as precursors for flexible and
transparent gas barrier materials [ J ]. Biomacromolecules,
2014, 15(12) . 4 614-4 620.

[8]1 FAN Yi-min, SAITO T, ISOGAI A. Preparation of chitin
nanofibers from squid pen p-chitin by simple mechanical
treatment under acid conditions [ J ]. Biomacromolecules,
2008, 9(7). 1 919-1 923.

[o] thm @, R, 7o, % PRl &
5Kl 2018, 44(10); 248-252.

[10] DOAN C T, TRAN T N, VO T P K, et al. Chitin extrac-
tion from shrimp waste by liquid fermentation using an
alkaline protease-producing strain, Brevibacillus parabrevis[ J].
International Journal of Biological Macromolecules, 2019,
131(15): 706-715.

[11] LIU Yong-liang. XING Ron-ge, YANG Hao-yue, et al.
Chitin extraction from shrimp ( Litopenaeus vannamei )
shells by  successive two-step fermentation  with
Lactobacillus rhamnoides and Bacillus amyloliquefaciens[ J].
International Journal of Biological Macromolecules, 2020,
148(1) . 424-433.

[12] XIN Rong-yu, XIE Wan-cui, XU Zhi-ying, et al. Efficient
extraction of chitin from shrimp waste by mutagenized
strain  fermentation using atmospheric and room-
temperature plasmal J ]. International Journal of Biological
Macromolecules, 2020, 155: 1 561-1 568.

[13] W75, B TR TRV ffe 1) 25 1 B 52 BT AP REL DL iRt s
K2, 2012 6-8.

[14] CHANG Chun-yu, CHEN Si, ZHANG Li-na. Novel hydro-
gels prepared via direct dissolution of chitin at low tempera-

Journal of

Materials Chemistry, 2011, 21(11): 3 865-3 871.
[15] DUAN Bo, LIU Feng, HE Meng, et al. Ag-Fe; O; nano-

ture; Structure and biocompatibility [ J ].

composites® chitin microspheres constructed by in situ one-

pot synthesis for rapid hydrogenation catalysis[ J]. Green



&M | Vol.36, No.7

Chemistry, 2014, 16(5). 2 835-2 845,

[16] DUAN Bo, CHANG Chun-yu, DING Bei-bei, et al. High
strength films with gas-barrier fabricated from chitin
solution dissolved at low temperature[ J]. Journal of Materi-
als Chemistry A, 2013, 1(5): 1 867-1 874.

[17] WANG Yun-tao, LI Jing, LI Bin. Nature-inspired one-step
green procedure for enhancing the antibacterial and antioxi-
dant behavior of a chitin film: Controlled interfacial
assembly of tannic acid onto a chitin film[ J]. Journal of Ag-
ricultural and Food Chemistry, 2016, 64(28): 5 736-5 741.

[18] DING Fu-yuan, TANG Zheng, DING Bei-bei, et al.
Tunable thermosensitive behavior of multiple responsive
chitin[J]. Journal of Materials Chemistry B, 2014, 20(2);
3 050-3 056.

[19] DING Fu-yuan, SHI Xiao-wen, LI Xiao-xia, et al. Homo-
geneous synthesis and characterization of quaternized chitin
in NaOH/urea solution [ J 7.
Polymers, 2012, 87(1) . 422-426.

[20] L1 Zhong-hong, CAO Miao, ZHANG Wen-gang. et al. Af-

aqueous Carbohydrate

finity adsorption of lysozyme withreactive red 120 modified
magnetic chitosan microspheres[ J]. Food Chemistry, 2014,
145(15); 749-755.

[21] WANG Yun-tao, LI Yan, LIU Shi-lin, et al. Fabrication of
chitin microspheres and their multipurpose application as
catalyst support and adsorbent[]J]. Carbohydrate Polymers,
2015, 120(20) : 53-59.

[22] WANG Yun-tao. LI Jing, LI Bin. Chitin microspheres: A
fascinating material with high loading capacity of anthocya-
nins for colon specific delivery [ J]. Food Hydrocolloids,
2017, 63 293-300.

[23] SALABERRIA A M, FERANDES S C M, DIAZ R H. et
al. Processing of a-chitin nanofibers by dynamic high pres-
sure homogenization: Characterization and antifungal
activity against A. niger[ J]. Carbohydrate Polymers, 2015,
116(13) . 286-291.

[24] TZOUMAKI M V. MOSCHAKIS T. KIOSSEOGLOU V.
et al. Oil-in-water emulsions stabilized by chitin nanocrystal
particles[ J ]. Food Hydrocolloids, 2011, 25(6): 1 521-
1529.

[25] FAN Yi-min, SAITO T, ISOGAI A. Chitin nanocrystals
prepared by TEMPO-mediated oxidation of a-chitin[J]. Bi-
omacromolecules, 2008, 9(1). 192-198.

[26] ZHANG Ying, CHEN Zhi-gang, BIAN Wen-yang, et al.
Stabilizing oil-in-water emulsions with regenerated chitin
nanofibers[J]. Food Chemistry, 2015, 183(15); 115-121.

[27] PERRIN E, BIZOT H, CATHALA B, et al. Chitin nano-
crystals forpickering high internal phase emulsions[J]. Bio-
macromolecules, 2014, 15(10): 3 766-3 771.

[28] ZHU Ya, HUAN Si-qi. BAI Long, et al. High internal

phase oil-in-water pickering emulsions stabilized by chitin

EEES FRRERAUENETHRAER

3D structuring and solid foams [J]. ACS
Applied Materials &. Interfaces, 2020, 12 (9). 11 240-
11 251.

[297 SUN Ge-ge, ZHAO Qing-feng, LIU Shi-lin, et al. Complex

nanofibrils:

of raw chitin nanofibers and zein colloid particles as
stabilizer for producing stable pickering emulsions[J]. Food
Hydrocolloids, 2019: 97105178.

[30] WU Chun-hua., LI Yao-ling, SUN Ji-shuai, et al. Novel
konjac glucomannan films with oxidized chitin nanocrystals
immobilized red cabbage anthocyanins for intelligent food
packaging[ J]. Food Hydrocolloids, 2020, 98 105245.

[31] GE Sheng-ju, LIU Qing, LI Man, et al. Enhanced mechani-
cal properties and gelling ability of gelatin hydrogels rein-
forced with chitin whiskers[J]. Food Hydrocolloids., 2018,
75: 1-12.

[32] YUAN Yang, SUN Ying-en, WAN Zhi-li, et al. Chitin mi-
crofibers reinforce soy protein gels cross-linked by transglu-
taminase[ ] ]. Journal of Agricultural and Food Chemistry,
2014, 62(19) . 4 434-4 442.

[33] BUTCHOSA N, BROWN C, LARSSON P T, et al. Nano-
composites of bacterial cellulose nanofibers and chitin nano-
crystals: Fabrication, characterization and bactericidal ac-
tivity[ J]. Green Chemistry, 2013, 15(12): 3 404-3 413.

[34] QIN Yang, ZHANG Shuang-ling, YU Jing, et al. Effects
of chitin nano-whiskers on the antibacterial and physico-
chemical properties of maize starch films[ J]. Carbohydrate-
Polymers, 2016, 147(20) . 372-378.

[35] SHANKAR S, REDDY J P, RHIM J W, et al. Preparation,
characterization, and antimicrobial activity of chitin nanofibrils
reinforced carrageenan nanocomposite films[ J]. Carbohydrate
Polymers, 2015, 117(6): 468-475.

[36] YE Wen-bo, LIU Liang, YU Juan, et al. Hypolipidemic ac-
tivities of partially deacetylated «-chitin nanofibers/
nanowhiskers in mice [ J]. Food & Nutrition Research,
2018, 62 1 295.

[37] TZOUMAKI M V., MOSCHAKIS T, SCHOLTEN E, et
al. In vitro lipid digestion of chitin nanocrystal stabilized
O/W emulsions [ ] ]. Food &. Function, 2013, 4 (1):
121-129.

[38] XIAO Yong-mei, CHEN Chen, WANG Bi-jia, et al. In
vitro digestion of oil-in-water emulsions stabilized by regen-
erated chitin[ J]. Journal of Agricultural and Food Chemis-
try, 2018, 66(46): 12 344-12 352.

[397] JI Na, LIU Cheng-zhen, ZHANG Shuang-ling, et al. Effects of
chitin nano-whiskers on the gelatinization and retrogradation of
maize and potato starches[ J]. Food Chemistry, 2017, 214(1) .
543-549.

[40] WANG Yi-hui, SUN Yu-jing, LI Man, et al. The formation of
a protein corona and the interaction with a-amylase by chitin

nanowhiskers in simulated saliva fluid[J]. Food Hydrocolloids,

225



226

MR ¥R ADVANCES

2020, 102. 105615.

[41] AHMED A B A, TAHA R M. MOHAJER S, et al. Prepa-
ration, properties and biological applications of water
soluble chitin oligosaccharides from marine organisms[J].
Russian Journal of Marine Biology, 2012, 38(4): 351-358.

[42] RAMIREZ-COUTIRIO L, DEL CARMEN MARIN-CER-
VANTES M, HUERTA S, et al. Enzymatic hydrolysis of
chitin in the production of oligosaccharides using Lecanicilli-
um fungicola chitinases[ ] ]. Process Biochemistry, 2006, 41
(5): 1106-1 110.

[43] HUSSON E, HADAD C., HUET G. et al. The effect of
room temperature ionic liquids on the selective biocatalytic
hydrolysis of chitin via sequential or simultaneous strategies[ J].

Green Chemistry, 2017, 19(17): 4 122-4 131.

BE 2258 | 2020 £ 7 A | RaSUUH

[44] VILLA-LERMA G, GONZALEZ-MARQUEZ H, GIMENO
M, et al. Ultrasonication and steam-explosion as chitin pretreat-
ments for chitin oligosaccharide production by chitinases of Le-
canicillium lecanii [ J ]. Bioresource Technology, 2013, 146:
794-798.

[45] ZHANG A-lei, WEI Guo-guang, MO Xiao-fang. ct al. En-
zymatic hydrolysis of chitin pretreated by bacterial fermen-
tation to obtain pure N-acetyl-D-glucosamine[J]. Green
Chemistry, 2018, 20(10): 2 320-2 327.

[46] MARGOUTIDIS G, PARSONS V H, BOTTARO C S, et
al.  Mechanochemical amorphization of «-chitin and

conversion into oligomers of N-acetyl-D-glucosamine [ J].

ACS Sustainable Chemistry & Engineering, 2018, 6(2):
1 662-1 669.

(E#% 139 7

A BB MU T ARGk fybhba. 4520,
0 vk o 0 2 AR B A R P B SRR S Re A AL,
It H L0 505 W, W1 8 1 208 24 4 I bk 28 0 0F i A
450k 96.4%,94.7 % Ak B I RIE 2480 AR L BLIE
TR 2 43 51k 89.296,87.5% , i FH AR B . w5 X
RN €2 G X TR P IR 2 =R/ N A N W
FLU) #3052 2L B AT R

S % Tk
(1] &%, WA, 2R ETFHBESBHBNBERS
R L], Aol K2F 244, 2019, 38(2): 108-114.
2] WG, dRiEA . T, % FET B ML SE A pi 2 J 245 i X
TR BRI LT, YEoR R RS, 2017, 45(11): 160-163.

(3] B, T4 n, FB A5 9. 4. JF 15 S0 BE 45 AE 9 1 00 25 1
O AT ], AR EF IR AR ERD . 2017,
46(6): 716-720.

[a] sk, fifl, TR, S 2 RO /N A8 e (14 0 25 100 A
BRI ], &5 AP HEAR R, 2016, 35(7): 709-713.

[5] B, TH%, EBK, % T ECHE IR H AR KRG E R K
B PO HA I, s Tk RBH, 2018, 39(2) . 245-249.

[6] KM, kM, Fili =, T K-means 5 SVM B9 3% K $: 1E

Kem [T, AP S 80y TR, 2017, 45(2) : 382-386.

AR Ze, A&, JKIE3F, . Bt (R 1 BF b 8 I 45 46 T

R R ELT ], AL TR 53, 2007, 28(2): 185-187.

[8] th—ng, 255, AHELr, . IETordbR 7R A WSNs 37 45

et T e (], 1R IR 5TR S, 2020, 39(2): 29-32.

SRLril, ok A T B S B Y ARl 3 UK P AR 8 B TF

FELI]. Wiir ol 24 . 2016, 28(6): 1 076-1 081.

[7

[}

[9

[}

(E#% 143 1)

(107 X0, EFLEE, Tkikda . 25, PR M ERES I o3 451 24 IR X fif
VI SR G o BOR M m [T ] & & 5 PLAR, 2018, 34
(7): 132-136, 142.

CLL] XUFFAe, THBUGE. ¥ 5O 6 70) o 45 00 24 2 13 XoF 3 46 B4 000380
B ml]. & i 5P, 2012, 28(1): 213-215.

L12] BLE T, 2, AW 7o B & DR 6 50 X 6 ) 4% i 5T
1) 52 e S FG G i 3 [0 0. W EL ARl 2% 4, 2009, 21(4)
375-378.

(137 5KM8, ZERIG, 2700, 5. SR BE U 8 35 X R v AH Rt

T i) A R AR RO S [T . o B & AR, 2018, 18
(3): 180-187.

[14] FHaF0, BI3CE, M, 5. T b #1002 R 50
FRAERAEAM W] &R TR, 2011, 32(9):
310-313, 387.

L15] B30, BhOemE, S5PF, 45, BRAEE TM AL 3 XS £ 25 R J5 £
BRI BT e L), & SRS 5 9F R, 2011 (1),
139-141.

[16] Balpe, ZE000k . & KA. SREER )G 4B #E LS55 48 S (M.
demt: A EER T AL, 2013 21-40.

(k4% 180 )

[19] LEE Hee-hwan, LEE Jong-seok, CHO Jae-yeol, et al.
Structural characteristics of immunostimulating polysaccha-
rides from Lentinus edodes[ ]]. Journal of Microbiology and
Biotechnology. 2009, 19(5): 455-461.

[20] Z=vkME, #hi ., RS, . EREBIRTEZ R TR L
04 B AL P TR S PO LT ] R i v R R
2018, 33(5): 110-117.

[21] #t 54, MIEAE, AR, 2. b2 200 5 8 L difk %
FARSM e s 42 (T ], o [ 925 5 2 e ik, 2018, 24

(11): 27-31.

L22] ARWE . b 25400 5 22 0l 15 5 B 20 00 AN 7 4k 00 5 Oy 3
D] WM 2GR, 2008 28-29.

(23] 2Lk SRARIE . WA . 5. L0 9 UL TE $2 I 16 2
R R AL M B A A IS B TR )], b 2 2%k, 2015,
40(11): 66-70.

[24] Vi, BT, BEZ, . w0 1o SR 2 0 4
WL RIS Gyt 0 i) B A A S #E LT ], & dh 0l B
H#, 2019, 40(22); 157-162.



