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Application of colorimetric method based on gold nanoparticles in
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ABSTRACT: Gold nanoparticle (AuNPs) is a kind of nano material with good optical properties and similar natural
enzyme activity. By changing the size and morphology of AuNPs, surface modification, optimizing the local
environment and changing the catalytic conditions, the aggregation state of AuNPs can be changed, and the
absorption peak of AuNPs can be changed, thus causing the color of solution to change, and the enzymatic activity of
AuNPs can also be changed to promote the color change of organic substrates, improve the sensitivity of the method.
Colorimetric method based on AuNPs is of great advantages in rapid detection of food due to its simple operation,

strong visibility, high sensitivity and relatively low cost. Especially with the rapid development of nanotechnology in
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recent years, colorimetry based on AuNPs has become a research hotspot in the field of food safety detection. This

paper introduced the preparation method of AuNPs, summarized mechanisms of colorimetry based on AuNPs, and

mainly introduced the latest applications of colorimetry based on AuNP in the field of food safety in recent years,

including researches on metal ions, pesticide and veterinary drug residues, mycotoxins, microorganisms, efc. The

application of 2 kinds of colorimetric methods based on AuNPs in food safety detection is compared, the existing

problems are proposed, and the future development prospects are briefly prospected, so as to better apply this method

to food rapid detection and on-site risk screening, and ensure food safety from the source in a timely, rapid and

effective manner.
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o il fbE bk REBUEA TR S, LRl Bh A S
ZRINRRERN T, ARl a5, ArEsE
A AR BRI BB, 5% M RS 45 S A BLSL s %R B HUe 24,
T AR EPR, TR AR i n 2
P — BRI, R, T R — Al 22 A A A
B, A RO T R A S R R AR

Bl 75 2K AR B R, A g KM RHR hy fb 2 1 g
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AN 2 Bk A BR M4 AL 1 ik 5] . il
FAERIET R RS KR T T2, A5 38
BiR g S OARTER R ST E T I 0, RIS
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S F5 BARYIMES A RE 9 THS AuNPs B4s A RE Y,
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FENG M I FLAR A, 72 e i) Hh 8 o SR )32 o
L EAESFEYFEET, AuNPs A fitfbE g LR Y
RAEFACE, R RSy A @, M FE T AuNPs
A b % B ARP A TS o 38 A AR AR R R TE A,
BEFT R IEMEM, SR fEA 25 1R, AL SRR i e BE 4,
IS ol LR e A B i 00,

FF AuNPs (1) Hb 246 A8 AL/Nr T B SRR R (E
PR . REEREA, TS ERPEREITE. K
HBPERR  IUEEER L CARESSINR S B AR A . 3R
1 XF5ETF AuNPs (1 Fe B ik i FHE T T 845 .
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S ke LA

@ AuNPs
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Fig.2 Schematic diagram of LSPR color rendering mechanism
based on AuNPs (AuNPs depolymerization)
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Schematic diagram of LSPR color rendering mechanism based on AuNPs (AuNPs gathered)
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Fig.3 Schematic diagram of enzyme-like activity color rendering

mechanism based on AuNPs mimetic enzymes

F1 ET AuNPs WLLEIERIN A
Table 1 Application of colorimetric method based on AuNPs

LA e B SR

AR H =9 Sl 2T L -~ 7 R Z7% 30k
Pb*" 7K o AL P I J 2 mol/L [29]
Hg*" 7K Fead A A P G 1 T 0.02 mol/L [30]
Hg*" 7K KA PG TE  Fe-TCPP-MOF 0.1 nmol/L [40]
ERET Ag' K R ¥ 0.05 nmol/L [28]
Hg* K RA-RE o3n il 0.05 g/L [20]
Hg* K AR N-Z.Mt-L-2F e iR 9.9 nmol/L [41]
As* 3L MRS K RE J 10 g/L [31]
WE H Pk - RE i F A 1.3 mol/L [21]
AN HER an. #HR RE BTEN 10 nmol/L [22]
REZFRE  ROREE . WREENE X5 RE I E A 5.4, 6.3 nmol/L [42]
W S N RE BELREN 0.2 nmol/L [43]
RIER A R4 I it A 30 nmol/L [44]
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= 1(5)
b by Pt e wap O P ot e 25t
L as, RIEFLE AL KT b RAE T M ik 6.9. 6.4 nmol/L [45]
W 1 K KR RAE 2-B T -4-WEME 2 TR 14.4 g/L [26]
BEAEIG B3 R AL 0.1 nmol/L [46]
iﬁiﬁg;? A4 R J 14,189, 2.0 nmol/L  [32]
RIREER A A S SR ¥ 0.1 nmol/L [47]
L A4k 7K el S ALy il T P T B A 1.8 nmol/L [48]
WIMGERER M, LS RAE T M ik 0.002 ng/mL [23]
HE®HR W& R B, KAE. A RAE T M ik 0.4 ng/mL [49]
TR FREG M FK L EAI R4 T M4 0.1 ng/mL [50]
O157-H7 KA K R4 TE e 4 263 CFU/mL [24]
WA BUGIE TG AR I3 ¥ 2.65 CFU/mL [51]
S EOEIRE AN TR UK AR a7/ ] 3T e BEALREN 10 CFU/mL [52]
=R A N RAE I 0.1 mol/L [53]
i =R Wy Wik Fe i A At T J 0.2 nmol/L [27]
MR BEREER-LR 7K R4 T e M4 7.1 ng/mL [25]
I K R4 J 4.2 nmol/L [54]

IR ER-5,10,15,20-PH (4-R 3E)-2 1h,23h-NkAL G4 ; -6 SCHRk HP R 32 8 .

3 ET AuNPs (UtE XA R MR 2N Y
Rz H

31 REmRPEEEES TN

AESBEFSEEMET . N WA B
trk, T HEA RO, 2 R B R AR,
58 ) YRV K HE ARG, 2k A A 5 #4) A K
fodE. Wb, FREREL . RS . ER P B EE
NARCRE oalll Eray NS S D G N N A Sl Sy A B R/ ST
R Ry EE

&R EFHA R . BSOS S I H AuNPs fi#
FRTE PR REE, BFFEE R 4R 25X AuNPs ZEEHE M1
N AT . LIAO Ml 48 e H ik (glutathione,
GSH) i J5 75 1 B s 771 i % AuNPs, Pb>" (9 i A ffi
AuNPs 7€ H,0, fA7E F X b i) 3,3°,5,5°- 4 FF 2L ak
AR TS HERE R T3 10 £%, KPR 2 mol/L, JIANG
S0 i 5 B (chitosan, CS)il45 AuNPs, CS-AuNPs [
At A AL YRGS PR T LAY He B 0R, AL PR T
0.02 mol/L, Hg* i nl LILEAF] AuNPs KK WAE R A4,
il AuNPs FOMECLTE VISR . A A X — 3, WANG 10
AuNPs [& %2 7£ 42 J& A ML & 2% (metal-organic frameworks,
MOFs) iR &, HTFE&REEMIER, AuNPs ffiEfL
TEERNSE, KK Hg® A H PR ATIA 0.1 nmol/L.

FTH L PLE APE AuNPs, fy T B0k 22 8] #HL R 1

5uEes | JIAHIKTHE, AuNPs 2B R BAR & It R 4R
FERE, WIEES TSRS T IMAR, AuNPs FRUEHT
W3 kA R4 . R — 5, SAFIA “EP8(f H 2. WK+
FiR (acetylsalicylic acid, aspirin, Asp)ff hib J5 57 Al E 7,
il 45 Asp-AuNPs GUKRKLTFRAMKIER H Ag', FikREE
5, WERE T R 0.002~0.015 mol/L, #HiBR 4 0.05 nmol/L.
LS I, AT DASR e B A R R, R
S MERIBINA, HCHEIR AuNPs fOR2 e PR R4, R
ABrwE, FABRY S o ER N LS G ae 7, il
AuNPs KEME, FEOARBC R K LA haa, K
JR PO AR - N AuNPs BYBCHER), SRR PRy
Hg™ JEA7 K . TANG 45 0% N- 2t -L- °F e 20 iR
(N-acetyl-cysteine, NAC)IIAZIE il %51 AuNPs ¥+,
HI T NAC-Hg-NAC FRIKAIE ™ AuNPs i ER%00,
TR H He?', K BR AT 9.9 nmol/L.

HF AuNPs A7 AR A9 L B A TE 4 IR & il v A
FEARAF RN RS, 2RO E A0 A s R, N
fEdEE, PU S0 M HARY 1y A5 Sk RN AR AL
AsHs, FIFH AsH; W05 M, AEUes i b F7E R R i R
S&TR, Hl&H AuNPs 7ER L IHEERAELE T AR
FaE k. B AR A’ S BRGS0, VW (0 IR B
AL AR IR, A LT 30 min,
3 mL FER R OR ASTIRE 10 g/l G A AR
AsH;, BERT DI RS IEA TR, ATLURI A AsH; Ak
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JEMER A TR TR 5, TR AE BL AuNPs, B, PRk |
R pEREELE, WU TR, X ah i
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3.2.1 AT AuNPs # LSPR 205 b &, ik f2 R % & R 25 5%,
B AR & 6 )

TR A 25 5 1R 1 1 5l R R AR 2, K
B A B2 5% BRI B, TR B FRI 254k B A 3
— i B SR A AE P EE . AuNPs HAT BRI L
R, HAYMAYEL: . R ATEMER, w7 U A
Yo Tk AR E Y X AuNPs ZhaEfk, DHAETLAY AuNPs
A LR X H AR BT R U, BRI T, 4R
ity HR AR 24 B R ARG v TR

T2 WA 2 o A % AuNPs EF T I RE AL 1Y
WGy, TSR E AR YRR A G e S R
et ARG, pmmam . Roeth s SR, 1L
JELH Sy e m e X H AR A i SR R R Sk
T P A 1R 91 W M 6. AuNPs 1T, 76 R Eh PR 55 T ]
LA AuNPs 5 fRFFEE M BORE, BRUIMAJE,
TG AR S HARY Y B R A S R AT, 3 A
AuNPs K, 5 HARYIE AL H R4 -38 iR S G a5 H), #R
#41Y AuNPs 70 SRR R AR R, VWS R 2Z HT Y
SR Sy 58 (0 0 R X — S, AT LUK R R
PALHR BRI TR LA 2RI 1, 4O B P
WE HL bR g A A O AR, BT BE PR A R SRR e
257 il W AT Ty W ENTSIAS S RPN D a1 ey
BT — SRR T R R S AL R IS LK DNA & Je R 2%
DNA RIHER, R K Je 2 fii e ) B AN S 1 )y 2L 50
F S PRI, SEELT X PR R PR T R R
TR RIATRI . EBAEWIE BT 2 % w5 A IS i
Pk, RIS 2 P R e 2 A T AT o TR AR T
TR SR E B AuNPs (R I 3 Xk 2R % R A R
sty O ARG . o B B T i i R R
195 2% R D I BE AR RRE & TP R IREE R AT RN . R
SO A AT WURE S Y3 B 1 A RIS T AR Ay 12 Jak
TRER, #ES7 T SbRic AuNPs B ik [ B A 7K 7= i
LA ALk i DL X e s R B, TSR
PRIIBEALR) AuNPs 1 FH T8 R B 25 5% B A, —
DL, 7 vk RO R, R RN A 4 R 2R
B b BEEA TR, AR ATIA 0.2 nmol/L, B —T
T, AP TTTYERE 15k, W] LASE RO B 24 R b H AR
IR . 5341, T BN et L REs S RE T LA R
OITARGS &, SR, A S B P o A 42
TS AR AR

SHEYFARI, AREY T RAME . BRI

W, AR B 2 43 Rk 42 R A0 2% B b R Bk ke Bl
AuNPs &EH 5 1) AuNPs 765 BrPAH BRI, 2280
RETLIY AuNPs J/EIREE, BN LA AE Ak, M SEEixT
HARIHI . LOGANATHAN 25126h4 24 - 4- e 2. 1%
(2-amino-4-thiazoleacetic acid, ATA)f§#:7E AuNPs [, VAR
rh M T VA B HE NN, F T ATA i Z BRI 5 s i s o
W R IR A 8, ATA-AuNPs #i R4k, & EE
A BRI R e PR B TR, #E 150~1050 pg/L il
WA RIFRLIESCR, BHBR N 14.4 ng/L. D201 51
AR [ 52 7E AuNPs K16, B > 548 HLBE A 25 v i & AL A
GG, TERURE TR A0K & -0 -5 s 50, Bl
AuNPs-La &/EREE, Xk =g o sE sk 5 JE 1 7 B G
K FR >4 0.1 nmol/L

AuNPs JF A7 Az B b 2k [R)RE AT LS, 8 fh e
ZU5R BRI . YUE Z58B20F % T8 AuNPs 1507 28 i 5
SY AR A W EAEE A RS R R
YRSy 1 o O I E AR S B S DU R K K25
R RA S TR W N #5 /NS AuNPs, 7EREG 194 Y il
FEep, 4RSI A FRMAE Rl I, SR A R A D 4 D
+, FHUURRTE/N AuNPs R IJE KA AuNPs, AuNPs Ji
PR, D7k EREE, S YR ARE R —Fh R,
AR T R I R, R N T A R
m R DU R AR E E AR, A BRI
14, 18.9 1 2.0 nmol/L.
322 FAF AuNPs #9AE4BEE ML &k R F RE 2
FRG A W o )

F I AuNPs [ 28 [F G M, 78 HyO fE7E F 5 RIKY K
A ARk, AT DU A b A 2 % R AT G
WANG 5475 B R A0 85 2 AT LU 3 AuNPs 13 S8 AL W i
W, AL 3,3°.5,5 - BEBORIE S HL0, 19 (6
N o %7 B H S R A R A 2R S R IR R R Y
FERRI, A HFR AT 3L 0.1 nmol/L. AuNPs B3R ERE W
2B RMALIE A, ZHAO ZEUSITF & 1 3T bt ik
= H JL 7R 1L £ (cetyltrimethylammonium bromide, CATB)
B AuNPs 2820 S AL P IS 1 1) LL £o A% SRR AG )
LA GG XL A 40T FL i RNA O il A
S IE LAY CATB 454, AuNPs S 3 &2 19 20 BOIR S,
HEALIG PESR, 7E HoOo fFAE T, A LIRS 3,3°,5,5 -0 HH &
B i 1 B0 6 R VR (8, fLE kA e, iSRS
LA LA, W e 1 CATB |5 AuNPs il i
FRHLIREEE, fff AuNPs R, MALTE MRS, R D a5
Wik, LEAS SRR, WRIEAKE, FRIR
WP S R, O AR ESR, Tk RBUEL TR X
AT & 938 e A BE AL AuNPs 2E T LSPR AL I &
LEAZRY T,
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HARE AL N S ol (A
R ) AR LA TR R L A TT g, S N IR R R A
., FERMERAS BRPSEE, AuNPs RARES R M
AR, AT DUPREE | M M BT RE R TS T A, T
HR R R G S BOR AR SE, T DL e — 2542 A )
REFE,

LERDSRI 5524 i g i 85 86 % M, i o5 M s e,
FEIEE T AuNPs RAE, IR SAE, WA= ) o
MEHE M, KAk 0.002 ng/mL. JAMRAS 2415
MRS LR . FH B F IEBRE FR B 1 A B IR e g
) AuNPs, JF& T —Fp sk il 2 ih 8 5 % B, @k,
VS R TE RS PR IR IR ST T B E 2 S5 4, i AuNPs
REARE, BARPEMA, 658K B985
ZiG, B IR R WO P 5 S AuNPs R4E,
FEBEAAS S . IZIT AT IR PRI, K PRy
0.4 ng/mL. MU T K AR 5 i e A4 R IR B e 1,
P T 3T AuNPs 75 5 RAEFIAR YL (ORI FOK IR 30
RS FC R L (6 T AR I i o AR 2Rl AR Y e ) D v A1
KBk 5 ng/mL, s#aTERYEAE, %07k R AT i
i 50 f%, K FREIEA 0.1 ng/mL,

34 BHPHEDIEREET

B RUE YT Yl Bt — S EURRME IS e . AR
i B O RS e, K S UM E L A, B
AuNPs 1 35 7 DUl P46 B 4 T 30 PR G

B HBUE 2 TR R GE AL B A (systematic evolution of
ligands by exponential enrichment, SELEX)FI 3 & i 20 )%
J¥ (polymerase chain reaction, PCR)H AR 1) & F AL 3515
e L R BRI R P71 . SELEX $R A Tl e i, 76
HARS AL T, 302 i L BT A2 AuNPs b (9 RE R 3 i
KEFF AuNPs Eiii5 HIRANBEANEAE, #EEEMY AuNPs
FERER IR N RAE, TR (0 2 AR 2 TR v B A 2T e
S A RIS . IEA1, PCR $ ARG A DNA F Bt A
B AR — MR . PCR PR AT I, A
TAEM AuNPs HEIR, i AFR PCR HARY M4 1Y
HEE DNA 728, Al DMES AuNPs A% RS R A RAE,
H A BAR AN A OL T, ARXTFR PCR 14 i) B
DNA #W 7 AuNPs R, (HHXTSHRAERFHER
SEERE, BB 6. 52K, FFEREHRIT
BEEREURM TS R ZEE DNA A7) AuNPs, %
B 2T R R . R L EHR, VAHID P4
O157-H7 K Wi #F v =5 3 #1738 e 4, I F 4 K
0157-H7 KIGHTHE . 15 :7E 876~107 CFU/mL ¥k B [ Py B
A RAFRILRIE L, ARG HBR Y 263 CFU/ML. WANG 251
R BAXIFR PCR ¥ B0 K I BREE DNA BRSS9 gk

DNA REH A R+ AuNPs RzEhiA P A RE, JTET
B SR PYDT TGRS A9 1%, Kt BRIA %) 2.65 CFU/mL.

AuNPs Tl %] o] 35 o A AP RERE LTS . YAO 4512
R, 4t O H AR E m A SIS BT BEIL A AuNPs 22
B A AL e, RSTAE/N, WM AIG I, AT
WERE, BAERNIRYEMT . 2k S G5 o8
BORMEE G, PR L A 055552 2R S h e bRt v AR AR
Wy HbRanpE, #HHBR AT LIS E] 10 CFU/mL,

3.5 RmPEMIEFRAIEN

B AS 2GR SR A L SIS, R
WA OR Al AR Iz — . R, LA Bk
PRI R, BEAR 25T & BRI LY AuNPs & 4175 F4F
o BRI, = REMIFIMNG 3 AR LIBUY
AuNPs KA FIFFBERRAR, 138 i 431 ) SUHEE P AR B3 BE,
P53 AuNPs %, 5IREREE NS, 2k n T4 05
FE i, A IFE B A 0.1~28.0 mol/L, 45 H1BR 7 0.1 mol/L, [A]
RER AN SRR, NI ZEP7% 3 = R 5
AuNPs JE il AuNPs- = RFLE AR, $27 AuNPs L4
AR T L A 5 3,37,5,57 -0 FR I i -1k 48 Ak S M
R DAY AR, HE = BRI R AR ik, ik
G B AT LA #) 0.2 nmol/L,

A 8 R K KO 6T BT B R fg B, AR
AuNPs f B8 3 A K ARSI T A 2 A s R i L 4AE
B R AR AR S SR o N B (1 e O
F-LR [W)R G IE BRIP4 T Ak, O e R i e i R
LR 55038 B o 2 i f SIS 3 B AT 35 7.08 ng/mL .
SUN 2Pt & T —Fh e CTAB Ml He* 7746, LT AR ME i
() AuNPs Kl TR9 He @A, MR Hg® il
AuNPs FE &R G4, BilbfE A RERIA CTAB i1l Hi
515142 AuNPs (RS . HEWIMA, Hgl, &Y%
BUBEIR T He™ %t AuNPs (R 1EH, 530 AuNPs REE, %
VB S A A o 320 R T SE B SR AR, K T
THIH: H BN 4.2 nmol/L,

4 RHEERE

ARICELE T ITAERIET AuNPs [ HL (AR e & 5 40 4
Tl b RS R . FTRLE I, B 5E, REFRE R AL
2F & AuNPs VB0 b 4518 4%, JLHJE Turkevich-Frens
PSR R IR A3 I AR 4 R 1 A5 i K T, 2
Hurf AR k. BRAZK, &AMk, 2R
S FEBOR SE W) 5 F il £ AuNPs K2 AuNPs f JF{v A=
BOEAE RSB AE T Z N Fa s, X8
PR BT T LA & i o Rk, BE 2 (5T LR AR
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