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Colorimetric Biosensor Based on Fe-HHTP@ZIF-8 for the Detection
of Total Antioxidant Capacity in Beverages

WU Cunhui, QIN Zhiyang, ZHANG Haizhi"

(College of Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China)

Abstract: Total antioxidant capacity of food is one of the critical parameters to evaluate its efficacy. Establishment of a fast
and sensitive analytical method for the detection of total antioxidant capacity of food has great significance. In this paper, a
metal-organic framework complex nanozyme (Fe-HHTP@ZIF-8) with peroxidase-like activity was firstly designed and
successfully synthesized. Then, the morphology, structure and catalytic activity were characterized in detail. The results
showed that Fe-HHTP@ZIF-8 possessed a two-dimensional ultra-thin layer structure while its K, and V_, values towards
H,0, were 0.67 mmol/L and 3.55x10™® mol/L-s™', respectively. Ascorbic acid (AA) as a typical antioxidant, an efficient
colorimetric biosensor was constructed based on its inhibitory effect on chromogenic reaction catalyzed by nanozyme.
Comprehensive validation showed that the colorimetric biosensor had low limit of detection (1.67 umol/L), wide linear
range (5.0~3000.0 pmol/L) and high accuracy (recovery rate of 98.62%~103.13%). By using this colorimetric method, total
antioxidant capacity of different beverages was detected and the obtained results were basically consistent with labeled
values. Therefore, this study provided a simple, fast and effective colorimetric method for the evaluation of the total

antioxidant capacity of food.

Key words: total antioxidant capacity; colorimetric detection; peroxidase-like nanozyme

A EEE: 2023-10-09

HEE&WB: BRa&FAFEEAE (32302220) ;3 HH4F/TAA (T2022023) .

{EEEN: XAZ (1997-) %, ML, FF AT #: RR R E 5 %4, E-mail: 1051914150@qq.com.
*BEEIEE: g (1985—) 4, ¥4, 813a%, AF 5 @ & 5 ¥ 5 % 4, E-mail: hzzhang@jiccas.ac.cn.,


https://doi.org/10.13386/j.issn1002-0306.2023090323
https://doi.org/10.13386/j.issn1002-0306.2023090323
https://doi.org/10.13386/j.issn1002-0306.2023090323
mailto:1051914150@qq.com
mailto:hzzhang@iccas.ac.cn

- 328 - B Tk B 2024 45 9 H
EAES, DIREVERD S AR ICIZE, o B 1 AR5k
’”ﬁ%ﬁi%ﬁ%ig SR ILJEVEETEZKZ*, lﬁ]ﬂﬁ@{ﬁjﬂ ERPSEn 1.1 *j*sl— 51>\(%§
FALRES PO IR SR bR 2 — . ML ok AL (FeCL-6HLO. 99%) i sobkrE:
3 2 o

fit 71 (Total antioxidant capacity, TAC) J&F51A& HR F 4%
Fht AL B AP A A B 554 B i B BT AR KT,
nPrEfe Y. giAE R CL ALK E MY MR
&5, TAC 2 —FPria bl A my, n] DIVE R PEAS
SERRAE S P E IR S B SRS SR, RPN
biEAE SR NEZEIEIR . PUIRIMAR (Ascorbic
acid, AA) AIVE g —Fh HL Y (P AR, 38 A1E AR
RO H T PR 2R & 509 TAC, Feall 2O &
AA B —PlKIETEYEAE R, FAE T 2R R G T, Bl
Hefp NSRRI LT EIRE, BBUR I AA XL
Fe A = e Em il Bk, 1 & —Fh s R Ay
AA KT EXT TP S TAC B T4y E2n
=948

HAT O IRE R AA Ky 648 A 24 k™
WAH gk P DGR Fm] AL AR Bk 4571, H
i, ARG R R R R AR v . ARG . B E TR A
32 B Z 1 OCTE, B IADIREZ LB HT RIG K
MR e i R B AT AL A B S B A3 AT
USRI FT AT o DUKEFE S —Fp AR PGB AL,
EAEHA MU T RIREHSE PER b L, R EA T
PEE AR FRoE AT AR L & THEM ST
AT LR A T 2 52 S, AR IS BT AT 45
8, WIKEGELEE: A ARSI . S AGBES LAY |
AL EBFSRIY) | B A B A BRSI 5 . T
Hh, 2R B SRR AR R E T ESY TAC
A, 4. B B 58 S AR Bl P Y 43 )2 Z2 AL
S/N HAB BRI K BELL AA Sy BRI AR R FH 90 &2 7
MR R BT A AR 11 i T 2R Co-Ir 1k 484k
PN KR ST AR RE T R A A E AL
ZEYOK BN E R B S PSP EIRE . &R
A HLE 2 (Metal organic frameworks, MOFs) B 4>k
Wit L L R 4 i IS B AR A Rk AR B T LA R/ VRN
TR BB SR AR FNZS PR, LU NG 2
PEREPE A DK IS T3 N IO S, (HX 4t
5y 52 LE RN Gy EeE 25 s, Ko HARCHA R P AT T R
HI, R, Anfa]HE 5 MOFs 90 K ) S v P
ST Y BTACKREGFUT IR IS 2 —

A WE 5T 38 G S Bk A7 K I Z2 -8( Zeolitic
imidazolate framework-8, ZIF-8) 738 iy . 4E4#k-2,3,
6,7,10,11-7SF85E = WA RGN K i (Tron-2,3,6,7,10,11-
hexahydroxytriphenylene, Fe-HHTP) A4 J5 75 2 ] £
MOFs LKA 54 Fe-HHTP@ZIF-8, S 81 HAS
Wi A AL g s 3 S, 245G Fe-HHTP@
ZIF-8 H (AL EE J1 A AA X i A R i i il g
FH, BR800y 1k, P . AR M i 2
BT AA &, PP b AEAREE I, RS
AA BRI B A A RE T PP SR AR k.

1 Bl 452 A PR 7 5 2,3,6,7,10,11-75 2 3L = W %
(HHTP, 97%) i AEMRHCA RS\ AL
SRW(AR, 30% w/w)  RIEER S8 IE FR A
ZHIFEAFAN(DMSO, AR, 99.5%) . (AR, 99.7%) .
TerK ZHREN (AR, 99%) . oK ZBE(AR, 99.7%) | VK
BE iR (AR, 99.5%) . #h 2 (GR, 36%~38%) . S AL4H
(AR, 99.8%). F@AHNAR, 99.8%). ZBALAB(AR, 96% ).
FSIKAEIREE (AR, 99%) . S LEE (AR, 98%) | HjZg 1
(AR) . JFEFE(AR) . PUIRIMLAR (AA, AR, 99.7%) -
g [ 25 S A A 2 A BR S F = a3 Y Je
(Tris, 99.5%)  dbat AR AT BRAAF]; 2-FF 3k
M4 (98%) . ARZE it (OPD, 99%) . 2,2'-HE A A -3-2.
K gemkbk-6-ifli2 (ABTS, 98%) gl T 1k
A RRAE]; 3,3',5,5' - THH LA (TMB, BR, 99%) .
SERMR (BR, 99%) . H &R (AR, 99%) . L-5E & R
(BR, 98%) . L-#iZ % (BR, 99%) _E#EEI-2E4R}
FAT BRAS W PURP T B ot (ks | 1R SR +C VEIK .
C 4ifihaizk . /K% C€100) Ak Ui A AERE T o

ThermoStat C fHIRIFHIX 7%= Eppendorf 2%
w3 HS-10 g Jijm#i bl 5 FEE IKA Tolkik&4E
H1; FiveEasy Plus pH 31 32[E Mettler Toledo £ [41;
TGL-16 Fi# G HEEODHL KYDIERIUEA [
45 ¥l 5 JEM-2100F i 5 i F Wi H A< JEOL 24
#]; D8 Advanced X-HTEM RATHY  FEE Bruker
/\H); SCIENTIFIC E SCALAB 250Xi X-H£GH
AEIEIX . Evolution 220 $54M356 06T S8 EIFEER
“KANHE]; DZF-6050 ELZ5 T4 _Lig—IER22 (U4
HRRATF]

1.2 XFEE

1.2.1 Fe-HHTP@ ZIF-8 #4 & i Fe-HHTP HJ &

S ARYERTASCHER [14] & IFH T e B5ek
202.73 mg 7~ /K & 4k 8k (FeCl;-6H,0, 10.0 mmol/L)
T 75.0 mL 2251 7KH, 81.08 mg 2,3,6,7,10,11-
INFREE= WA (HHTP, 10.0 mmol/L)¥EfET 25.0 mL
TH I (DMSO) H. 2R JE, B HHTP 3O A
BRI W P, 15 8 IR & % W (800 r/min)
10 min. B, A Tris-HC1 Z&#9%(20 mmol/L, pHS.0)
B LRIR G WA pH RIE 3] 7.4, =R R Bt Pk

(800 r/min) 1 h, X5 E5.0>(8000 r/min, 10 min), JHH

B FIOK 43 e A 3 UK, o 125 T4 8 h, 74 3] Fe-
HHTP.

ZIF-8 W& . AR PSR [15], B 1.78 g 77K &
HfREY: (Zn(NO;),-6H,0, 6.0 mmol/L) il 2.96 g 2-F
FLwkmk (36.0 mmol/L) 43 #% i+ 120.0 mL FF B
F o KRR OIS 2-F ELpKmk S P, 15 2 A0TR
B WA ZE IR T B4 (800 r/min) 3 h, 8000 r/min 55
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> 5 min, HEEBES: 3 I, IFAE 70 °C T8 5 h, 193]
ZIF-8 Gk

Fe-HHTP@ZIF-8 K& B : M8 4% SCaik [13] 1l &%
I AT B . 4 40.0 mL 2.175 mg/mL 114 ZIF-
8 Sy AF] 40.0 mL 2.0 mg/mL 11 Fe-HHTP 4y
B, 30 °C KIEHERE 12 h, #R)5 85,0 (8000 r/min,
10 min), LB F/K BN 101 IR G BES
3 WK, HASTRRRTT

Fe-HHTP@ZIF-8 [ ZRAIE: i FH Z F Y #RXT Fe-
HHTP@ZIF-8 MIESR S T e iRk, FIHIE
5 e %% (TEM, JEM-2100 F) X Fe-HHTP@ZIF-8
FEARIE SR AT RAE; A EDS JGZEIE (JEM-2100 F
TEM) X HAIGE (C. O, N, Zn. Fe) #4171 ¥l fk sy
s A X SR ARATET (XRD, D8 Advanced) % i
PR G5 M I AT FE0E 5 AL X B £O6H T BE 1% (XPS,
Thermo SCIENTIFIC E SCALAB 250Xi) % 5 & 1%
BB A2 B A H 255 A5 40 AT 0o 3
(Evolution 220) I 5E Fe-HHTP@ZIF-8 {3 % 14
PG P o
1.2.2 Fe-HHTP@ ZIF-8 4N Hifg (193 S8 A 4 Wil v 1k

b T HR5E Fe-HHTP@ZIF-8 9K 1t 1) o) 4 AL 4 Tifg

FEWEE, LI HL,O, il TMB NI, 584> % %5 T pH.
Tk S22 RN 5 B TR] AT 322 29 K il A Ab 1 P i S i) o
50.0 pL Fe-HHTP@ZIF-8(1.0 mg/mL). 40.0 uL TMB
(5.0 mg/mL) F1 40.0 pL H,0,( 1.0 mmol/L) {R& & 7E
870.0 pL A~[E] pH(2.6. 3.0, 3.6, 4.0, 4.6, 5.0, 5.6,
6.0, 6.6) 1 ZIRZE % (0.2 mol/L) H, IFHE 37 °C 4%
TR E 8 min. [FFE, b THRFTIRE ML, [F 5%
TR E WY pH SN 3.6 A% & B 1A] 4 8 min
AAR, AR IR A WAE AR E (20, 25, 30, 37, 45,
55.60. 70 C) TP BLAh, [EE 4R SE e v
pH 4 3.6 FIZ W IREE N 37 °C A48, # Fe-HHTP@
ZIF-8. TMB. H,0, FIZ IR s AR AP E AN IF]
BHE(1~13 min), #ETHEIGSE . NS, 55 h-
A LGSR D AS R WEAZE 652 nm &b i WG 3
TERAESSE R, HU3R ZIF-8. Fe-HHTP Fll Fe-HHTP@
ZIF-8 myid E AL BG4, LA OPD ANl
ABTS HJEY MK Fe-HHTP@ZIF-8 143 S 1k ¥y 1§
s, FIA 40.0 uL OPD(5.0 mg/mL)8EF A 40.0 uL
ABTS(20.0 mg/mL)f# 40.0 pL TMB(5.0 mg/mL),
M5 SV RAE 300~600 nm 7 [l P B9 54 MR IS 5 .

TEfAE: pH AR 54, i 2 As H,0, e
N TMB ¥, Pl T RS 8h 1124 280, 1345 Fe-
HHTP@ZIF-8 K1) Michaelis-Menten 40 (K )
FE IR N (V) BAE TMB F s H,O, %
WA, HART &, ZEAT IS RG0S5, 43 DK
40.0 uL H,0, ¥ # (1.0 mmol/L) F1 40.0 pL As[F] ¥k
B TMB ¥%5# (0.0~10.0 mmol/L) il A3l 870.0 uL 2,
1% 2% mh % (0.2 mol/L, pH3.6) "H iR &, 5K 40.0 ulL
TMB ¥ # (5.0 mg/mL) 1 40.0 pL A [A] ¥ & H,0,

W (0~1.0 mmol/L) il A &l 870.0 pL 2R 2% vh ik
(0.2 mol/L, pH3.6)H{EA, FHIIA 50.0 uL Fe-HHTP@
ZIF-8(1.0 mg/mL), 37 °C ¥ & 8 min, ¥E 652 nm 4b
FHERS MG T S B RO
#RPE Michaelis-Menten J7F2F Lineweaver-Burk
BT R E 25 S P B S (K, F V00
1 K 1 1

A TR

Kb, K, FT V. 779128 Michaelis & 20T R
SN IR [S] SRR I s v SRy SN H%
1.2.3 Al AL L2 2 AA &l 1 ff 7R, Fe-
HHTP@ZIF-8 E. A it & A W B % M, Tt TMB 7E
T S AT AR A ) 3 SR A U AT SR A A
RIS oxTMB, 74 oxTMB 2 (1, I AA 19
R JEAE ., s ) Bl il s i Jo o, A T —FhaT
PALKTIN AA (73R BAREIRATT : AEic N
4441 F, 50 uL Fe-HHTP@ZIF-8 44K (1.0 mg/mL)
I A F] 820 uL A 2. MR 2% i # (pH3.6, 0.2 mol/L)
i, SRIG MR 40 uL H,O, ¥ % (1.0 mmol/L),
40 pL TMB % (5.0 mg/mL) F1 50 pL A [7] 3¢ )3 iy
AA R (5.0~3000.0 umol/L), 37 °C J%F 8 min, )X
REZE e, FHFHLICSEAS R W B, 76 652 nm
AT TS PSR M G T e G, A FRER
B AT AA ARHERTZ ARSI (LOD) o

m

AA
=5
Fe-HHTP@ZIF-8
TMB oxTMB

Fe-HHTP@ZIF-8
H,0, Y "OH
SRR N
TMB s -Ql == oxTMB + H,0

AA
X[ R V1

¥l 1 Fe-HHTP@ZIF-8 Lb A fERA KN AA FIAHLEEE]
Fig.1 Fe-HHTP@ZIF-8 mechanism of AA detection
by colorimetric sensor

BEAR, XF =R AS [R] e E  AA B PR HERE 5
(40. 100, 400 pmol/L)#47 3 YRIMAE, K4S Ll S
S bRuEpZR T T Al SR TR S AT LASRAS BTl
FIFVEMUERNTE . % AA BRAERE N (40.0 pmol/L) 3
17 6 IREE 44T, USSR IEFE M. h T IR IEkEE,
i I e A WAL R I B T — S REAY TPk S
Py (BeIHe)E 9 500.0 pmol/L) o
1.2.4 kb AA BRI SEEREE AL EE PURPIORE
(BRI | 1B R +C 75K . C difihair /K FI7K % C100),
Yo [ 2 i T, e 2 T A SR R R R I
SEERYCEHEE S R 0 AA Z BT, AR SERT Y SCERY T o)
WA S PR AR A T AL B . PRA R E T T A
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FEYN, TS AT AR AR 2, S PUFR R S CRBIRS L 1R
RAC JRIK . C i /KFKIEE C100) 3R A B 4liK
ke 10 f5)5 RV Al i & 25 FH o
1.3 HUEAIE

AT 56 T A BN 6 UK, T A S5 B SR
JH Excel 2019 #4347 8], {8 Origin 2018 #47
SIRTVEREL
2 HBRESH
2.1 Fe-HHTP@ ZIF-8 BI& A 53R4T

AW ZIF-8 T 43 HL Fe-HHTP 19 R 4723k
A, O A7 R 0 — 2B A L il 15 Fe-HHTP@
ZIF-8, Z )7 ik A AR B0 22tk . REFEIREE
fhsiio

ifiid TEM. XRD. JuE B EEFT XPS X Fe-
HHTP@ZIF-8 (TSR AL Fy AT T FRAE. WK 2A
i TEM BEUSTR, 7T LAEL S| Fe-HHTP@ ZIF-8 K
Rk, IR €07 I )2 AR & A v 2451 .
& 2B F1#9 XRD EM% B 7x Fe-HHTP@ZIF-8 4 +F
55 ZIF-8 X} 1 i 43 B3R AT 5 0%, {H T Fe-HHTP
TCESE PRI SE N, S BCHAR g g BN K] 2C
iy TEM JCE K% 587 T Fe-HHTP@ZIF-8 H T
JGEE (C. O. N. Zn Fl Fe) Y51 5541 . ILaN, FIH

GV

©

200 nm 200 nm

XPS 22 T 6 M EHALZE A A%, 4nEl 2D B, Fe-
HHTP@ZIF-8 44K A [ XPS S8 AN, 433X w7
F Zn2p. Fe2p. Ols, Nls fll Cls BYF5fFIE, UNE 2E
7N, Zn JCZEALE 1021.42 F1 1044.68 eV 1 B XL,
XN T Zn2py,, WA Zn2p, , W UNIE] 2F FT7R, 160
Sy B R Fe2p Y6 i v, 710.63. 713.57, 723.79 Fl
727.72 eV &b i B4 PU A~ e, S35 JE T Fe'2psy0.
Fe""2p,,. Fe"2p,,, 1 Fe"2p, , W, BLAb, IR P/
T AW, vl fg)E T Fe’ ', iXx b g F U] Fe-HHTP
@ZIF-8 FHJ Fe JGE LA Fe? il Fe* I RAETE .,
2.2 Fe-HHTP@ZIF-8 #&ild & Wl 5

LI TMB Hl H,O, Wik, 45675557 Fe-HHTP@
ZIF-8 MR A AL S 1, #81°F T pH(2.6~6.6) |
SN H3BE (20~70 °C) FNGZF B 18] (1~13 min) X} Fe-
HHTP@ZIF-8 AN KEHEALTHPERSE M . anlEl 3A Fr
7N, TE pH3.6 By Fe-HHTP@ZIF-8 3% ¥i H &% 43 Ao 4
AETE P, T AE SRR sl e T P R SR R PR TE R T
Bfo X —ah R S AL A5 by HoAth St S| AL ) g
ML AR — 3P0 PP ARE AT LLGE & pH %R}
2T LT S LA . Fe?' 5 H,0, Z [A]fY) Fenton J&Z
I AR 24

INIE 3B FT7s SN )3 2R, #E 20~55 °C

IF-8
——Fe-HHTP@ZIF-8

200 nm 200 nm

Zn2p,, f\

ZnZ +
1021.42 eV l

1200 900 600 300 0 1050 1040

55 THE (eV)

1030 1020 735 728 72

%2 Fe-HHTP@ZIF-8 fIZFAE
Fig.2 Characterization of Fe-HHTP@ZIF-8

1 : (A) Fe-HHTP@ZIF-8 1) HRTEM & 1% ; (B) ZIF-8 #l Fe-HHTP@ZIF-8 ) XRD % &l; (C)5 4L (C. O, N, Zn. Fe) ¥
TEM JCZ Bjl; (D~F)Fe-HHTP@ZIF-8 it XPS £ 3%Hl Zn. Fe B 43985 XPS ik,
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0 1 1 1 1 A 1 L
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pH i (°C)
(©) 1.0 o107 e TMB
SRR . 25 ol TMB+H,0,
——En - TMB+H,0,+Fe-HHTP
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~._ \—TMB+H,0,+Fe-HHTP@ZIF-8
- 0.6 .
R 0.6 §
= = 04
0.4
\.,:a,.,._,‘_,..\..,.au.:-:n'—f:' """""""" T —
0 2 4 6 8 10 12 14 550 600 650 700 750
FsfH] (min) 1 (nm)
E)059em o OPD (F) 1.0 -+ -ABTS
L ... OPD+H,0, S . ABTS+H,0,
e e e e .
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- - H,0,+Fe-HHTP@ZIF-8
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-
g I IR R
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SRR — .- ABTS+Fe-HHTP@ZIF-8
- -H,O,+Fe-HHTP@ZIF-8
—H,0,+ABTS+Fe-HHTP@ZIF-8
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Pk (nm)

& 3  Fe-HHTP@ZIF-8 i 4 ALY 1tk
Fig.3 Peroxidase activity of Fe-HHTP@ZIF-8
H: (A)~(C) 433 % it pH., [ N ERE | 0% 5 Bt 8] % BTG 2 B 52 0 (D) ZIF-8, Fe-HHTP Hl Fe-HHTP@ZIF-8 FfiALIG XS L
l; (E) LA OPD R4 ) Fe-HHTP@ZIF-8 it ALY HEG M:; (F) UL ABTS MEYINK A Fe-HHTP@ZIF-8 i A AL Wit

s P s TR R G T AN R RS AR AR

YU N, Fe-HHTP@ZIF-8 F I A Id M2
Ft, 55 C BHEARE M I m, ZE W BT B
55 °C i FHE AT RR S ST HGE s O,
F 55 C B R BEATEE S H,0, M .
25 RSB S8 (TR R R A A K AR AT PR A T
ek, PRI, AN IE 158 37 °C M i B W IR .
El 3C /R T W7 & B (A %) Fe-HHTP@ZIF-8 i+ & fb
YIRS R . SEAMRSEEEFE 1~8 min A5 HH R 1Y
TS, 7E 8~13 min SEARYERFFAE . BRI SLE
FAMBEE M FER AT, )5 1548 pH3.6. 37 C FIiF &
B 1A 8 min AR 6 s b BB AR fe 4514 . 18l 3D
R T S A4 F Fe-HHTP, ZIF-8 11 Fe-HHTP@
ZIF-8 (3t S8 Ak 4 i 15 P, Fe-HHTP@ZIF-8 %% Fe-
HHTP I ZIF-8 ifii 5 , i P 3T, Ui ZIF-8
1B~ Fe-HHTP 145315, (15 Fe-HHTP@ZIF-8 7£
R S S G, 2 R TE A S R R Ok, X
"l LR IR B Fe-HHTP@ZIF-8 1Y it 484k Wy il 1%

pEU220 0 ARG 3E~F, LA OPD il ABTS MNEY)
P2 EHIE T Fe-HHTP@ZIF-8 A 15 il 44k
Yl TER T

TEPCBE ST, il B e 2 H,O, 5% TMB 11
e EE SRS ER A B 1 2% (B 4A~B), B AEVFHT Fe-
HHTP@ZIF-8 Mg b H:6E. #RHE Michaelis-Menten
J5 R, A5 5 Fe-HHTP@ZIF-8 4KEXT H,0, 1
K, A Vv _. 4354 0.67 mmol/L 1 3.55x10°% mol/
L-s™', % K, [E IR TR o 4L ) i (Horseradish
peroxidase, HRP) FII AN KBl 1Y K, {HPSY, B4
Fe-HHTP@ZIF-8 5 H,0, Z[RIEA RAFAISERTT; 4R
#& Michaelis-Menten J5#%, 114345481 Fe-HHTP@ZIF-
8 YK TMB 1Y K, 11 V. 53914 20.75 mmol/L
F1 8.92x10°* mol/L-s ™', i% K,, {HIL = T HRP FIHA:h
KA K, {E2 Y, i Fe-HHTP@ZIF-8 5 TMB
ZIAIR R85 . MPEER 1 Le3cn] i, Fe-HHTP@
ZIF-8 AL Rt Skl b tEfE . Fe-HHTP@
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ZIF-8 AL PEREA Ot PT BEUA DT IR A — 2
ZIF-8 NI AR E T Fe-HHTP LE I 0943 s —
JE T AEGNK R G AT T iz R LA T R T AR
R Z2 (R TG PR 2 B R 233

(AV 40T o1 8905x+2.8112 '
~ R=0.99
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Fig.4 Double reciprocal plots for H,0, (A) and TMB (B)

F 1 ARG SRR A AL T 1 LA
Table 1 Comparison of catalytic activities of different
nanozymes and horseradish peroxidase

V. (10 mol/L-s™)

max

K,,(mmol/L)

YK E =B U
TMB H,0, TMB H,0,

Fe-HHTP@ZIF-8 20.75  0.67 8.92 3.55 ENTE

Fe-HHTP 149 112 3.58 3.08 ARBFS
HRP 0.43  3.70 10.00 8.71 [28]
ZIF-67 13.69  3.52 0.35 0.28 [29]
Cu-MOF 0.46 2858 2.48 5.45 [30]
Zn0-CoO,NCs  0.16  1.26 4.85 2.13 [31]

23 AA BIEEBINE RIS LR SIEN

FT Ykl Fe-HHTP@ZIF-8 ELA LS a9245d
EALY B, ASTFTEEEN T —F AT AA B
e ey, TP i B UCk ) St EkBE 1. an
1 ML E TR, Jots TMB 1 Fe-HHTP@ZIF-8 f#
1 HyO, S H AT # S A AH N 48 A4 oxTMB,
7= oxTMB 250, A AA BB IFEAVE, [k
L//IDIN s S Vol vy AR S Sl v TN LA - A S A o
M S ME S AR AE, SEH0 AA I SRR o

anE SA B, 7E 5.0~3000.0 umol/L 1 7Y, Bf
FH AA HEERIHEIN, Fe-HHTP@ZIF-8 A\~ 5: 1Y 2N 14
TR0 A A e i (oL B o, SN OG I EH i
(38

| 0.005 —— 3.0 mmol/L

ﬁ--d_-

0 05 10 15 20 25 3.0
AA WJE (mmol/L)

" y=0.0005x+0.0061
R*=0.999
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AA W (umol/L)

K5 K[ AA HEETERE(0.005~3.0 mmol/L) F A4 4ME 5
(A) o AA VR 5 58ME S IZIESC R (B)

Fig.5 UV signal obtained at different AA concentration range
(0.005~3.0 mmol/L) (A) and the linear relationship between
AA concentration and UV signal (B)

e ARG BR TR AA W T ROBAR R B

WA EANESERE S AA HREEZ R YLk o6
Z, WESL TS b (R R 4E 5.0~500.0 umol/L A1k
VI N ZEE Y R A ro gt hi . A&l 5B s, Kok
i £k 5 #  AA=0.0005C+0.0061( R*=0.999), H:rh
AA HRIEE(C) S AAS &, BN (AA=A—A,, A FlI
Ay G3 I CRPRERE S A FARE SR AE 652 nm ALY 5E41
e SGRE) A RAR R . AR YR S/N=3 AR (LOD)
S 1.67 pmol/L, Hi5% 2 R A, A5 T H LR R
i 5 HAW T HGE Y AA AL A Eh 4 HA —
RE P

R2 OARBIRAL I 5 HAL AA KI5 R R LA
Table 2 Comparison of the sensor in this study with other
methods for AA detection

K &R (pmol/L)  KZIUBR (pmol/L) S 3CHk
FASRS 5~500 1.67 ARBFE
[FAGRS 100~5000 80.0 [10]
[FRLERFS 10~100 8.77 [17]

RS 400~6000 120.0 [36]

RS 500~2000 300.0 [37]

RS 240~1500 50.0 [38]

BN, E—2E%F AA ATHALAREER I B B | fE
AR T T 5E . %F 40.0 pmol/L AA FRifE
FE S AT 6 IRE B 431, AH X 45 i 22 (RSD) iy
2.9%, EIME R A, 43T T 3 FOREIHRELM AA B
Wi (40.0. 100.0. 400.0 umol/L), [FICRAE 98.62%~
103.13% JuFEIN (R 3), Rz L O E YL RER BAA
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RIFHER . R, 5T T i L BEs ik
P, DIk SRR I 0 LR 5 T
MY, LI E 8 (KD . A4l (Nah) | & k45
(Ca™) . EfbBe(Mg™) . HIZE . EbE . SRR .
W2 . L3820 M L4202 . TP A I vk B v e
A 500.0 pmol/L, A AA il £ P 9L BBl PN i8) _E FRAEL .
El 6 B~ T AEMEIZMA T, BA AA WG r=4
AR, T A PR T AR AR AR N, R
TIZ O YML IR AA K A s e R

3 AARINTT IR HERR PR S
Table 3 Accuracy study of AA determination method

FEM BRI (umol/L)  FZIME B (umol/L) B3R (%) RSD(%, n=3)

1 40.0 39.80 99.50 1.56
2 100.0 103.13 103.13 1.65
3 400.0 394.47 98.62 243
0.357
0.284
£ 0.211
e
=
< 0.141
0.074
0-
x x x x & G- <5 G <G
&2 %%@ﬂ@ SPAINIAN Y

Ko ORGSR TR

Fig.6 Selectivity of the colorimetric sensor
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T AA PR SR FEAT R, G5 3R Rk 1
AA HeJE g 45.80+£0.01 pmol/L, HOkE 2 Hh AA ¥R
>R 41.13+0.02 pmol/L, Kl 3 1 AA HEh 110.47+
0.01 umol/L, #kl 4 H AA ¥EN 135.80+0.01 pmol/
L, AA AJYER—FPHa b, BBk 4 18Pt
EARE 5, ok 3 i BB RE 1k, OBk
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Fig.7 Colorimetric image of actual beverage samples
TE: 28 FVREAS; T-UORMRE fi CROBERS ) 5 2-DJCBHRE i (1R R +C IR
7K 3Rl (C HEAb ik ) ; 4-P0RH it (K% C100) .

L4 PURATE] SRS R AA R E
Table 4 Determination of AA content in beverage samples of
four different brands

v % FRRHRE AR RSD

FERAFR (A-A.) (

0 mmol/L) (mmol/L) (%, n=3)
HkifE 0.029+0.006 42.58 45.80+0.01 1.35
TRIR+CYAK 0.027+0.011 42.58 41.13+0.02 2.46
CHEfliATK  0.061+£0.008 113.56 110.47+0.01 1.84
JKHECI100  0.074+0.007 127.59 135.80+0.01 1.07
:I:\
3 21:1 'l'e

AAFFERIH ZIF-8 43 # Fe-HHTP 20K -, il it
T8 PP 1 — 25 G Bk 45 2 & MOF B gh K fify
(Fe-HHTP@ZIF-8), JIF4UZRAE T HIL S . 45 K
fRALTR P, 45550 Fe-HHTP@ZIF-8 2&—Fh ELAT —
2 8 W R 2 S5 A I 4 oK T, 3 o fk e pH3.6.
37 °C FNEE B ] 8 min /E 2 H R 0 W 1Y e 4%
F . S5HR  E ALY B (HRP) A A 490 > ffEAH L,
Fe-HHTP@ZIF-8 A K ilf B A B /N K, % BH Fe-
HHTP@ZIF-8 20K Pitg HAT %58 5 i) ik S A it 4
AT AR S N T, 3T R A I AR T I LA
AA S HLARIGTAAAAR Y, Mgt T — PRI AA 19 E
Fk, T EYCR AA A B Eu ARSI A bt
FALRE 1 PEAl, B RTE 98.62%~103.13%, H 51K
B AA BOFR R EIEAR—E . XTI AL SRR S
TAC I 2 T rl SE 07 L A 20F-B, Sl 3l
KB TT &AL T35 ) LS
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