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Polydopamine Nanomaterials and Their Applications in Food Field

WANG Xiqi, LIU Ziyu, LIANG Xiaoyun, ZHAO Wangchen, WANG Longfeng"

(School of Food Science and Pharmaceutical Engineering, Nanjing Normal University, Nanjing 210046, China)

Abstract: Polydopamine (PDA) is discovered as a biopolymer that obtained by oxide polymerization of dopamine (DA) in
alkaline environment. PDA has unique characteristics such as exceptional adhesiveness, metal chelation, and excellent
biocompatibility. In recent years, PDA has been extensively utilized in various area such as biomedicine, materials science
and food technology, etc. In present work, different methods of PDA preparation are summarized such as enzymatic
oxidation, electro-polymerization and chemical oxidation, and the mechanism of PDA polymerization is discussed using
covalent polymerization and supermolecule aggregates. Accordingly, the different self-polymerized PDA nanostructures are
classified as nano-coating, nanoparticles, nano-capsules, mesoporous and porous PDA to analysis their advances in
functional food packaging, immobilized enzyme, food detection and active substance delivery. In addition, the existing

problems and research directions are prospected in order to provide reference for further research of PDA.
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L PDA KiF . EPFENFLFLAS IR N, Bk 3=
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HN-25 X AT A A5 IR BAA Ak W2 B T3
I, Fl/S DA IR EIMIRA R G#il4& T PDA 7
B EA BASHPERY Fe,O,@PDA 4K E & 418}, #E
o T #REE Fe,O, KBTI HI K . T PDA IR)Z
S A I T PESBAR iy AN 3L, vl LLE i 5
SR B PRERACKR TS5 A RIS FILE . Xie
SEU PRI T Fey,O,@PDA-Ag -5 Mk 45 1, Horh
PDA {E NI, S5 JRER (AgNO;)TE PDA FKI1H
_EREAALEAIF R, Ag GIKRRIFERAL TR AR

4 )& -A HIAEZEAL K] (metal-organic frameworks,
MOFs) J& —J& HAT Z FhluREPE RE 19 Z FLA BL, Tu
AT ) 33 7 DK 1S -8 ( ZIF-8) %0, | FH PDA 3
HELES A S5 &R 8T MES1/EAT ZIF-8 &
WA TR )Z, il T Ba W -Te 45 i) ZIF-8@
PDA k¥, SZHL T £ )8 B F (Zn®") iy il P Sk o
B FiR4J® . Fe,0, 5 MOFs bkl BFLie- ¥k 2,
FH: 2 ) (poly (lactic-co-glycolic acid) ) 4N Kb T FHAE
il 75 A2 -Fe RILE R PDA B RORZ O AR AT iR IE o
Zhu 59 %] D-o-2E F 9 R £ EERIFHAMR AR - RN
A2 Wig 44 Kk T (TPGS-PLA/NPs) #1417 PDA 3% [ 2i
P, B R 1 ZUVE e 28 6 AE S 19 90K kT (pD-
TPGS-PLA/NPs) I, il i BRI NAAEH, 158
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3 PDA ERmPHINA

WAL BAT AR A A P E SRR IE A
AR RN 224 BRTHE . Lin 257 DL HeLa 40 056
X4, WEgT T Hhas4rfL PDA 444k (hollow meso-
porous polydopamine nanospheres, H-MPDANSS) ¥
RS, 45 5% W 24 H-MPDANSSs ¥ BE =ik
100 ug/mL B, BEE 48 h i, 4077 376 R AR FR7E
82% LA I+, IFSZ T H-MPDANSs 7£ 100 pg/mL DL F
HAA R s E. Wua 297 X PDA/Ag 92K
B ERF A TR MM FE RIS L B, PDA/Ag 4K
B ARIFXF HEK293T ANRAG B 4 i 34 1 i Ao 4
Mgtk teah, Zu A At AN )N BRI At ik
T PDA BB MMEENM:, H PDA CAEAEW R
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PDA B RIFrM /B s FE G . AYWHEEs
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V5 G L R 33326 L e 25
3.1 ¥HRmEERMR

A5 A TSR IPR IR P AR S ABE (R B H 25 58
B, AWl ls, nT A | AT AR YRR B SR A B W AR
AT AT E AR R A BRI A . SR, A
G YR A B, TP LARPEREELES . ik
PR 2E | FRE R 2E AR, IR T HAE R e Y
M FH. BT, ARG TG I ATIRetE g RIZE
BEUE R 2 E Y R -G W FE R ER A R B S AT 200
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G- SN RH R AT A LTI RE, MAiE 2 iy RETEGNK
BoR R B L, B T A A R G R IRe e
K EMBHE THMEEF T, Yu 5P PDA gk
B FAE B ARFIHFE B R LG IR (PVA/ST) 3%
JFH, W58 T PVA/ST/PDA IR IR IAE &1 . 9
B (Prhrfasm | Hda e AR & HRE R ) Fioh
AEAFTE (BRIP4 ML) , ff PVA/ST/PDA 9K 5
TR T R B AR T Y aE RS ) T R
HF-.

s THE N PA— B D BEPE LN IIECEL, PDA I8 AT 2
5 IECE Y ZR E DR fheiet:, MITIRET- AEsHT
FOTHRESEE . Xu 4% il PDA BAIGE LT 4E R 9
KR (CNCs) 5 R LR (PLA) AR, FF3
5 CNCs 5 PLA Z 8] (g FLE Bt & 71, ATmelss T
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BEMELEA UV bRkt ge, A 31K i i ny e 48
W FYEE Rl Yilmaz 5P SRAA
Al RE (0.25. 0.5, 1 mg/mL)#) PDA {075 11 4% 5
B 19 K B B 90 oK 0k (CLZNPs) #il 85 T
CLZPNPs, 5 CLZNPs #itt, CLZPNPs HAT 411
et PrE LAY S E s, N TR
AL AT AE R S i e M 3 L, A sl
B AP E IR PEAN B S JF A . Prabhakar 2598 fif FH R 2,
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e- R 15 MR (epsilon-polylysine, e-PL) #1 PDA 4 T
] A PR A 00 B S BB R, SRR TR PDA SN
S e IE A VA EL /b U SR S Sy A L LA EL Y| G
BET BT Y . PDA BAA —E MNP iEE . BOmm
PUEALTEFIER S MR BRI RE, Sl oh gt i G s
P ERARIEL SR AT R . DL PDA By S BBk 45 52
G, FERR LSRR S AR MR R 25 L BT

EEL Y/ NG N ln7as S = N DA 1 M WS & S D SN A S
3.2 FERRMINEEMIEE

543 B £% R (membrane separation technology,
MST) & —F o] LAXS 42 BT 364 T e 456 E 43 2 e 4 i 4
AR, BATZMEH, Ee. AR &SI, Bt
FE N TR T DR ST . T
PDA R PUARTEA AR i H H A L2 20640, 7]
JFHHS R A 7 2O PE LA s IR A B 19 e R+
P MST 7E 2 i Lol ih Ay R JHZC3 . il 4n, Wu
ZEPU K] PDA 4 MOFs b+ 25 Bt 76 8 N 4 i
(polyacrylonitrile, PAN) i&&_I- If- 4224007 L IR G4, I
HA =R MY MOFs fZZfLHBIE RS, S/E N —Fp
HIRI R LA 2S8R AFB1, Hodh, 28 PDA FIVAEHEIR
% (alginate dialdehyde, ADA)BACEALEE 30 min fi&5
Y MIL-100/PAN Y ABF1 Z25eR b GX 76.4%),
I EL2R FH 17 R ) i W T 22 R T S 80 R 4y 1 55 52 R
. Zhang 552 38 35 X 2 iy — 950 2 H (polyvinyli-
dene difluoride, PVDF ) {# 7% (microfiltration, MF ) 3
frgemigin, BISRA PDA )25 ZLIRBEEKR Bl
JR (nisin)VE R RSR B I IR B |, dileg T—Fh i
AaEIRETE MF B BRI DS T R T AR IR
ZEAAT TR [RS8 B TR 2 K, HAEASIRI A IS 1k
R AR RRE o

JIEE 75 YL S MST FE R AA L it i ek A5 b R ASE
N Y 2 RR ], FH PDA XIS T e e AT 28 75
Yr 5 5 1a] 9 AH BLAE FH S 08 20 15 YR B il i A 2308
1%, Barclay 453 5@id PDA JEE AL G50 S
BB 15 3R G W B A TR SR Ik AR U8 I (polyether-
sulfone ultrafiltration membranes, PES UF) =, DLy
SHB AW nE T AR s g . WFSEEREH, BRREAT
RCHBAE = T R T TR DG R, BRAR T AR T
S Z B gh -G 5REE, [RIR Oy T AR A Wi iim &5
Xiong 55 B UK PDA 5 B 8 I3 ik i i sh 2710
FRIEAHLS A, 4 T — i . Posi s genyeiort
P& i (high-temperature dynamic deposition ceramic
membrane, HTDCM) ., 5 J& %5 I (raw membrane,
RM)AHLY, HTDCM FRILL UL e et . fhata
EPE AR W AH A R BT P BE L VT RO T A
(>99%), 15 il i T 5 (193.75 LMH) . Ti#758 81
4509 SR [RI L% PES UF AR 204530 % (PET) |
FEEEHE(CS) | FALIGBEIREN (ADA) S AN R 2R G W42
21 PDA BUPE PES UF JRAE H RENH 2 Ve 1 I €5 b
F R, FHRCR BEAT PP A 90, UF JRFLARRY RN . SR
T e FE AR AR S YU U BB ZE R 2R . TR Y
AR, DL ADA 30 KFL UF BRI T
B A . R A, MST I A A 22
ARAL G ARG B RN T Tk 2E 7=, PDA 1918
AT AR B0 SR B KPR L PR LA A e s
FVERE, il PERENE . T PDA YRGS HLELM A
A 4l DA BT A SR DTERFERHS HARCRAR, TR
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— PR PR N DA TR
A T S IR I PRI
3.3 EERgemI AL

PDA BEA RUFi0A YA HL AR T ) LS iy ek
WIAR 2T 2 3 3] 35 Il S 07 -5 B P e A, Al 1
PRV AN VR ok B2 S B AT B A AL 7E PDA 3R
Mo HTAEGEn B b A 7 AR DGR 43 s alif b vl S —
FANZ AR IR, HAFERT . AP SRFRT 20 R
< 5 M Bl AR A5 Ry B P, 3R T 43 B GE B OR
(molecular imprinting technology, MIT) 5% ] T >
BRZ T . PDA RIHERG IR —, AL
AEA 22 BN B | & 57, 85 AT DAYE R BN )= . Xu
L 1501 P YR LU AT BB Bz 41T AR 0 5 M A 7L 3% (magnetic
mesoporous carbon, MPC) & #& {4 , 3¢ & 45 H i
(bromelain, Br) 43T 1F A= i Br BRI 25 )1 YA AR,
il TR BRI G E AN FLAT T ERE B 54 (magnetic me-
soporous molecularly imprinted polymers, MPMIPs)
BT Br B8R S U RS . 16 45 SR SR
Br@MPMIPs X} Br EL.A3 R 47114 Pse 45 55 4 0 B
FH, W R s 135.96 mg/g, HonT DL &l H &= 0
6 . Amaly %P7 i@ L ] PDA JZiRE R AR 2
IS TN K LT 4R (EVOH-CCA NFM) il 45 T 3%
TANAKET AN R 53— BN AR BT, T e PRt e
RN BR T BA B SR EE ST (500 mg/mL) Fil
AT [E A (5 MEFR),, PDA XL ZEAM(NIR) #4560
P A P A A 2 IR 9 AT I E. NIR AR AT LSz 45
B

H AT, 527 A0 AH S 1Y 22 Al 2 2840k [ 2 78
25 PDA PSP RSB i T m okl 45 e . k. -1
RIS . SEERAT BRI 5T, LA e B ol A A= 7
MT 2. Asmat 508 dE A fb PDA X Z2 BERRZN K
B (MWCNTs) S5#E1E4 (Co) 45 & il & B 22 BEn
WK I TR IREALSS , PR AR 22 19 BN S D
(CRL) [EELEHAR PDA@Co-MWCNT |-, S5iiFes
B9 CRL #H I, [& 5 1k CRL BAT H 6 i Tk $4e ik | i
pH Fnlalfc g, H ARG S Z ATt s 1 3 14,
TR LG FN 1 55 R PR A XU R 14 7 5543 53l v s
78% Fl 75%. 1M Yao 55 i JLM 0K CRL Ak
FR gL A AR B TLL) 2[R [E 2 72 PDA 1)
HEAb BB TR P 9H K ER Fe,O, 94K T I, il T
o HI T EE(DAGs) | FEY S BEE (Pes) AT a-3E R
TR (ALA) BT BB B o Forb, PR AR 1D it ity 2 [
FE PSR T PR, S B v R I RE T A AR
A, TS Tk A y7a, n] LR fhE &
PR BAR DGR R]I [E TR A A e e m, DA
SR ZR7/)pil: N
34 KBNERFHSEY

1T PDA BHAT 5 M B s A B RERT, 7R
w22 ARSI v, PDA SOREALIY -G AP R D T
A B AT S TP TE R Z2 RS B, AR L AR

ST

i R EZIERER  EHA R . BB, AR
SyHrid AR, PDA CAE W 5N T8 AR iy
Ak, For PDA 5 H AR =2 W) 0 S 8 AE BoAE
FH. - YR e RS AR R B R o R 4 T A
JHo Gao 2510 i JHAZ A RIL5F ) PDA@Fe,0, NPs
VE R B 77, 256 2R A i 25 b7 (polymerase chain
reaction, PCR) #1174l 45 H1 JK (capillary electrophor-
esis, CE)JF & 1 —Fp P 2 B as I £ 5 rh S A
WIEERIA . 4593, PDA@Fe;0, NPs-PCR-
CE W] LUIAE 5.5 h PPRETRII (1 B SR /K R BEAG VAR
it AR < B (0 A A BR R, A BRI 2 10 CFU/mL,
Sy PR RS I B o e IR PR L T 5 . Chai
ZFOUOKE Fe;O,@PDA NPs VA3 EIFHZEH (disper-
sive solid-phase extraction, D-SPE) [ W% [ 751 X ksl
AR ity o g D A A R T A R 3R A T BB R T A
4. WFFCUERH T #E4ME D-SPE-HPLC FE43 AT SCBR
PR E RS R AT AT HEFTAT S04

5 T VRS S AL B 4 I 657, PDA 34 AT LIAE
AL IRAR A Y JE BT . Bonyadi 4 LI H % 2
(sunset yellow, SY) A5t , {8 2% A1 ER b F2 ARGk
T SiO,@MIP-PDA NPs, i # H 1% ( carbon paste
electrode, CPE) £ #% NPs #t—2 &4 E s FH T
M ROk SRRy L RS B AERE ST SY .
5 HAAR SR AR Lo, AR AN AT R UE = | 3k
PRPELr . EE IR L R S PR A A DL A, ARSI £k 3%
%, LPEBVEFIRE, X SY AR, Scarano
L2109 2 Yk K| JH Au NPs@PDA Xf UV-Vis B3 2 45
Lo MLBEA ek, B8 TR dR e 10 45 25 AR (loca-
lized surface plasmon resonance, LSPR) il k& "L 22
TR KRB, SR NN, PDA R E 562k
M2 [RIAFE LR MEAH G, I35 in PDA JZ )R T]
IAZLIHTT AuNPs 19 LSPR Hlifil. Tian 254 51T
—F i FH4: )@ -PDA HE%Z (metal-polydopamine fram-
ework, MPF)AE o FRic 4 i A 1] it 2910 k2 125 (lateral
flow assay, LFA), FIFHLG8 )2 T 55 22 505 A PY 31
# (tetracycline, TET) . MPF-LFA & i3 hi FH T2
gy, MR ARG P AEAE S R i TET A, A6 RR
0.045 ng/mL. S1E4A93ETF Au NPs A9 LFA FHLL,
MPF-LFA ) R A0 FI RS9 3] 1 B i e o
TEEL S5 YR v, PDA B AT AR Sk W B 75 T4
o AT A, U T AR R T FH T e, LN
SRS T B E YT R AR, BT AGI
B, A8 £ AR TS Je ) RS I B DR B T 5 TAE
SEBRN SRR, B TR A A — R e,
(K, PEIA B B it — 25T 2 AT LA R B A
i S Qe AR IR R T WS Jr 22—
3.5 EEEEMR S

SR T SR AE WIS T A S ) v S ) 3B 6, R
HIR AR P 2 A B, L PDA SRR
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A E TR G I VBN IT &% PDA 4K 2% 2%
ARFRAE T WF 5T B . Li 1 FIl ] PDA FNES 55 (A
(casein) {7 T KBS I (OB (zein) , FAEE T —Ff
5t 48 K & Aok (RES-ZPCs) FH T 1 28 7 i
(resveratrol, RES) 191 1%, H:vp PDA #2175 T~ RES-
ZPCs MEE HEABEALTE o AEFHPHEERSS DIA-FL
PDA(MPDA) 1E & 44 K 484K 17 28 Bl 25 22 (doxoru-
bicin, Dox) , Ff J& £ 2 1L /N A it (PLTM) il 45 T
PLTM-Dox@MPDA ZHKbL T, LK E G M ALXT
Dox HA = 23, Gt b 1] % Dox.

Lin 457 5@ 555 TMB Fl F127 iy LL S L T
Z5.09FL PDA 4KER(H-MPDANSSs), H-MPDANSs
AL s 3k Dox (17 2% 5538 66%), H. NIR T
IR YE pH 454 F RS Dox MYBEHL . Sun 55107
Hil 8 T —FF NIR /5 194 - 7% & F 1% - I EE i -PDA
2P K4 (Cu-GA-CA-PDA NRs), [ T ##] CA mF¢
7%, PDA 7E 808 nm NIR F& 51~ B A7 Ay 6% e fE
FITET T IZ ARG B e, S28L T W RldT
Wo. HHT, PDA 99K80K C 8 FVEZFhAE 2 is 1k
Sy, B T AL S DGR e R BE . pH U E
AR B AR 2, PDA 9K AAR 1 “ A7 32
= TIEMEY A S afse e . bk . AT R RE
S YMEAPURIBE /I, L PDA 9Kk —Ra
RIS AN R ZRAAR
4 RESRE

T PDA JE it 2 v 19 S8 AL 3R G A A b e
FEMILH ST A, PDA ISEF ISR -G M RIS 28,
e IC s A PDA IR G f2, 3o KRR T
PDA 7 Tl AEy= i i o s ik iR m; FHJRIRR,
XF PDA 1 2 18 8l S 2% Fe v [ R S5 A EA T IR AR ST
LIHIES PDA 195 WAHLHIE L2 . PDA 99K 8}
Ay A AL AR B0 RGeS O bR g, IR T M
PR | B, SR AT BA BEA FAH S, HoE AR
DA P ASFRXTES r, PRI M AT R4 2 R 79 HE Y A
B A, 9 T 2R, (0. &570Y PDA Hil& 7k
JERKCEEN,

2| HAT N IR, PDA B &ENIRIZE . 9PR0T. T
FEFE . A FLAN AL 55 N FH T 4854 A 77 R A 135 40
. BT EANFIESEFER PDA Gk BRI 2
AN R B2 PR BT, A IR ES AT A i Bl
b, MK AT . T 4E PDA Yk A S 2 AIE R Y
PDA 4K E &8 ENGE— L4 i PDA HEAFEHAS
PR B ss | RIS AR N . I
b, T PDA VE 2R e AL Y B U 72
KL, PDA gK A B2 0 B i G b AR v
YRR, LU )5 ) o A A E i e
28 RRGETER . AR AR AR R A
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