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ABSTRACT: Objective To develop a nanozyme-based immunochromatographic test strip with high sensitivity for
rapid identification of bovine milk or goat milk adulteration in camel milk, utilizing the property that nanozymes can
catalyze substrates to amplify detection signals. Methods The competitive method was adopted to develop the
immunochromatography test strip. The rabbit antibody (Ab) of f-casein labeled with cobalt iron oxide (CoFe,O,)
nanozyme was sprayed onto the binding pad. The f-casein antigen and mouse anti-rabbit immunoglobulin G (IgG) were
respectively coated on the detection line (T line) and the control line (C line) of the nitrocellulose membrane to assemble
the nanozyme immuno-chromatographic test strip. The nanozyme test strip was evaluated for consistency, sensitivity,
limit of detection and specificity with the commercial colloidal gold immuno-chromatographic kit. Results The
nanozyme strip demonstrated a sensitivity of 5 pg/mL for antigen detection, which was 200 times higher than that of the
commercial colloidal gold strip (1000 pg/mL). The limit of detection was 0.02% (capable of detecting cow milk diluted
up to 5000 times), demonstrating a significant advantage over commercially colloidal gold strips with a limit of
detection was 0.1%. It exhibited excellent specificity and achieved 100% consistency with the commercial colloidal gold

strip. Conclusion This method is simple to operate, and can quickly screen out adulteration in camel milk on the spot.

It has higher sensitivity than the commercial colloidal gold reagent strip.

KEY WORDS: camel milk; adulteration; f-casein; nanozyme; immunochromatography
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JEFL R — P L A LA, 4R DR SR oy R
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SeFle o FLEkE R . B FLIETRIK. AR ANS Z AR
e WiRR % 2 R gyt BhoE R, el A B
PO PO U . SR | R i LA R R R A [T e 2
IR B NAVA I TSR T, 35U R ok
R BEFL Ry 5K, (HEEFLORS m i, 2
FFMARI 10 A5, B R RO 5E ) S R T
F), ABERBEAT NIRRT S5 ST,

T 7 it 22 18] (4 AN - Al DA e s A T 8 =, 3k
SeFL i B T E BRI ANk o i 7ESE L
BARM IR FFD) B BEFL R TEEFLA
PFLAETEBE . WRIE Ay TG X, % i 2
T ARAR TE 1 P IR S B LR A B IR X BB IR T R
IURAE T BB R AR, BN T B (e Al g, - p-L
BREE RO, W) IR T TR AA R A Y
SEINE . NI, ST XTSEFLIB AT A 5 08 B A G
7 E A B, BT BB

B-FLERE PR FL P ERE AR, 0T 18.2 kDa,
AEa 5390 p-RLERE R A FRRE S
YL i 20, A5 51 R S ROV B SR,
R R E R R 2 U gL AN p-FLBRE
AU AR FRA AR T p-FLEREE 1, el LA
TEZSEFL P B T A FLECEFLAF AR FLIR . I, p-FLEREE
FURCN T — IR bR S H RS A -7LBR
HARSEIL BB 1 EEA LT JLE: B 5 W b ik

(enzyme-linked immunosorbent assay, ELISA)!' | =4k i+
{6 1% (high performance liquid chromatography, HPLC)!'™! |
HE EHTEN ELISA BUR RE S, (R RIERERL
Z= HAERT; HPLC #ERH =, REUSHE i B L, 10
WA W B R GE A R, I AT E LA A R EREN 4
PE SR BT S A I, ARFR A AL e v, S — A
TR G R kU AR R 5 T itifT
FEMPAE . AR . TCRF OB & Ml B A B AR N SRR SRR
P05 e w2/ LB L) ST ol RGP = -1 N T B e e (kL
JE AT R 2% R I AR A S SE AT U, S BB AR R
o DIKEERBEEA o AL B M, 7T LAAE A 4 A &
I3l AR R AL 1 BE(-OH), X 28 HLAT 9 S AL TR A9 F el
SR 3,37- A BRI DY £ 2 £ (diaminobenzidine,
DAB)s ¥, FBHLFIFBI KRB AN, EMKEIREEER
AW, SRR YR AT DA e BE 022 B MR A 2
FE LR AR B ERET, AR RS Fh IS B 1 S )2 A
A, GRS E T TGN R EOER, BT RR S
Wi, AL A SRBE AT AR 0, o AR ik
2%k (cobalt iron oxide, CoFe,0,) 4N K i B A 12k S Ak Wy it F1
ARG, ARG, AR A2 p
D REAR R AL TS PR AW 588 3 R CoFe,0, 40K i
TR p-FLBREE TPk, g T —Fh BLAT T8 & R AR BT
Ly A ) B 2L A5 HB M A K B i 928 J2 AT 35 2% 1
R 5 g0 U e e B LB G U i 3B VI R, 4R T
o R AR S R, SCIR B PG . % A R AP
L BRI R AL TG A BOR T B, XHR BRI 2 E AL
i« BRI TR 7 B AR HE 56 L7 ol it e K Jre B g T
8.
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1 MR5ERZE

L1 5

JeFLBIREG A8 /) . W FL . WIASERL . W
I FFUR . SEFLR . AR FUR B A b R T Rl 1

CoFe,0, 44K iF(8.123 U/mg). B-FLERME I HREHi(E
PRREE A2 S0 E WY RHEAT IR Wl ); M4 R VSR (3 st (1
MDA FRA R FEASR . G553 HBR—AYHARH
FRA WD), AR T 2 2% M58 (8 B b A BR A ) ); WROK B (|
g A BB IR A R, p-FLERE LG . N-(3-
OO A RN R O)N- & KRR W B
[N-(3-dimethylaminopropyl)-N’-ethylcarbodiimide, EDC] .
N-F23E T Bk W B% (N-hydroxysuccinimide, NHS)[43#7 4,
PUAR I AR L 5 (1) S H A PR Wl ), B S sk
G (immunoglobulin G, 1gG)(E B RHERAYRHEAH R
rl); ANKEAER . O ZEE . AKAEAE | BERREN (Tt
258 AL 7RG A PR RD); RINETRR . DAB. BEIR 4
B OBERR A BN . AP R . =R WP R L
[tris(hydroxymethyl)aminomethane, Tris](Z;#r4li, i3 5
MRAEAERHE B A BRA F); 30%3d AL A o pral, FPR)I
A TR A R w1

1.2 UE5EF

HM3030XYZ = 2RI B 4 . HMS8000 14 £ 3 Rl i
1. CTS300 ¥ # A4HL( L &b A YR A RA H);
5424R & VR B O ML SEATE () I PR 5 5 A R | s
DHG-9070A & X T 4246 . UV-1800PC H B4 4] WYk
FEE (R LA A PR F]); ZLB9SFD B 4 (M
{ZEERME A BR A H)); MEL04E 4347 RECKSEE 0.0001 g, Hi
- Mg -HE ) 22 42 1A ); SK2200LHC 8 75 i1 v Ve o (1R
S TE B BR /A ] ); HSH1-40L-Y #8246 ML(TE PRAEA7K
AP T HEE PR F]); FEI Tecnai G2 120KV i H i 5t g,
B (H A H,F#k225%1); NanoDrop One i# il £84h- 1 WOk
BTG EFEER R BHE A R); CIC-S100 fik4:
RYCE A WA G0 M FITERS %A 8 A TR A A o
13 75 &
1.3.1 #n R

KHZE A p-FLEREE (1, KIS E P 10
Jim o IR 2% 1 ISR 27 4k 28 BRI 26 (T 2k) 1k p-FLBk
EEPUR, FELC Lu iR 1gG. A8 LaFH
CoFe,04 AKEIFRILH p-FLEREE (1R Z DT

RS FEM p-FLEREE (M REACIS, B £ 0 R AR T
ANRFIFREARYAL, BAREBMER T REN . FEAH
) p-FLIREE AR AT R T 2 5 90K AR 9 B-FLBREE
REPEEE, RIFIHTZENT: (D)EFEAT p-FLEREN &

FEOTIE, HOREEFRCHY p-FLERE AR ZITE 2 SHEAR PR
B-FLERE NS G, WBA Z RN AKIIRCH) -FLRER
REPIE T LRALW - BREAPURSS S, 78 TR EAZ
TN KB BEEREA AR S I RTJEAT, %S &
25 C AW BITR 186G ZHias &, Bk 6 94 K i
AL, BMZRNHTEE) . QMEA T SH p-7L
REABDN, T LA ESHRARBAEA p-FLERERL S
TR DK BEPRIC Y p-FLEREE IR 20, MIMAE T 47 &
TR bR AR5, C A E LRI 28 il
KRBT, KINZERN S BITECE+H) o 3) S MlREA pAR
B-FLEREE AT, T 2R C LA B 45 25T U IR 1) 90 K Bl 25
G225 R A B ()

P Ry
pEIREL: f

W 7K 4

BARG  lp
— ﬂ pRMREN: /

1

Ziah T4k Ck
Y CoFe,0 A KHMHFRCHA-FLERE FPTIA

NCHE etk & AR

Y B fIeG B-FLERER

1 SRR R 2
Fig.l1 Schematic diagram of competitive method for antigen
detection
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B 140 L FEMEEAIN A BRI 25, [0 5 min J&5 X0
GREEIL O A RNSAE R, TEJEHT S min S LA 150 uL DAB
WA, KV 10 min J5OEREE R [RIEH RS AL i 4
TR, e BEOLUE I BB 2D BRI TREAS (A
1.4 CoFe,0, HKEGHIH &

CoFe,0, KM IR STk [34]A4 5 1 E 4T 46 -l
ok, BARmBR: B2 ZFHRH] 400 mL, i ARG
M3 g, KA 7.2 g, 7KEFMAES 3.17 g, BEEREH 30 g,
PRESEFE 30 min JFEHARIERS 2 NS, 200 °CIN 12~14 h,
L2, BUA 60 °CH .

1.5 PKREREEITRTIRNEZ
1.5.1 4 kBassbHag 4 &

T 44k K ¥ CoFe,0,4 9K B B 1.0 mg/mL B,
M 2 min ZRJ5 4 °C. 10000 r/min 250> 10 min, W Fi%
W, VLVEYI N A EDC I NHS W, #6HE L 15 min )5,
4°C. 10000 r/min #.0> 10 min, W3 FifK. 1ETGILLTH
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YUK BHA W AN 0.012 mg 1Y B-FLERE £ ¥, 2~8 °C
S 22~24 ho SN #EWR TR 25 BVEWR, DUBERI A Tris
SRR, HR R FE VR T AORL . XY Z 4R A
SAL, BRI ST WA A A b A SR T AR
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FHTT, R AR LR ER 2=1:19 (VNHFIRAYA)E
P
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S, FEOMIEMT, F Tris ZE0RGHATRERR, 4> B
A% 1000, 100, 10, 5. 1 pg/mL. Z5 FIRIRRIEEA
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HIRFIREAS

V5 T T 2 190 SR AR ARG HE BRARE AN AR 45+,
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1.8 I FFEF MR

kRl 3. SR GEFLA Tris 0T
B, W T T 4 i R SR R AR I AGR R 2, IR 2% 11
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1.9 RAFIF—HMHIFMN

S 20 BB AL, R SR B ROk R
AL e 3 o A L S 1 U A 10 TRl
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FRECO.1 g ZLBS IS, A 2 mL Tris 2% 0P (50~60 °C)i#EAT
PR IRAT, Wsf 2 7T b JC R A AR, RRREACIR A 2
IR AT LAHEF T, A AL B E W, K 20 3 REIIAE
AR HEATRENL GRS o SR AN A Tl 1 590 46 0 R o A R 1 4 3K 7
SRS T (9 5 AR AR RIS AR TG, ORI 45 T 28
M C A8k, % WS/T 505—2017 (&M E PERETEHr
T/ ) THEE ORI R) S R0 R S AR R 4 350 2% i S 225
RGP G 2. IS RMER 6%, Wit R
K, LAPPH —#—3hE, JF2E1T Kappa B 200,
1.10 #HiEAIE

{#i ] Origin 2024 WX} CoFe 0, XA i1l L gl
KEHAFI SN DAB BAWG T LKV T4 . FIH
Microsoft Excel 2010 ARX IR 14511, FH454 SPSS 17.0
Ok HE AT Kappa H656

2 HER5HH

2.1 CoFe,04 #HKEGFRAE

1 7 T R R (8] 2a) 70T AT R, CoFe,0y
YK B HRAR 290 100 nm;  FUESTE A 8.123 U/mg(/& 2b),
SRR — WERTE A5, RAR A —, TURLAE R W
Wi, Nsedk, LB HAEME, RKWHIZYKEEA RIF
HI A BCPE, R F IS O S S IR T s B fh, AT R BE
B AL S AR . CoFe,04 40K il B L A0 45 44 v
Co™/Co™ | Fe*'/Fe* ZMMABIAT, MR, MAILHIES
&R AAAIKT(Fe;04. CuO. MnO,. ZnO 25)i25rt 484k
YIS TR, HEEGBIREYE, AT AN A R
B, RS R 0 A BRI, 1 R R BT 3R o CoFe,04
YUK E LS, HR T -COO R LR i HE R, B
BUKALE, A/ &R BT S, A5ansiEER.

2.2 CoFe,0, AKEE-p-FLIKEARSIME SYIRIE

3 4lk CoFe, 0,4 44K ilf-p-FLIKE N R EZHUE & WIbric sl
WG, BRI S), TREBME L. FBMEE
Hh-0] WA 66 BE AT IR AR I BT B OE M,
= 1 ATHL 3 MG UARICECERATE 70%Lh F o ¥ 3 #Hdrid
U A YRR B AT ARl b, ARG 4%, ik 2 7]
1, 3 HEARBFHAT A FIREAR T KR AT S pg/mL
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JREASF ] A 10 min AR B 85 v
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Fig.2 Electron microscopy characterization and specific enzymatic activity determination of CoFe,O, nanozymes

F1 3 HPKRE-LIAKEBRSMBRIAERG TR
Table 1 Statistical table of conjugation efficiency for 3 batches of
nanozyme-f-lactoglobulin rabbit polyclonal antibody

Y PRCHIBOLEME  ARidEBOREE  EBECR%
1 0.071 0.020 71.83
2 0.065 0.018 72.31
3 0.064 0.017 73.44

R2 3 MPREEATIR T RREEGITR
Table 2 Statistical table of T-line gray values for 3 batches of
nanozyme strips

100 pg/mL g-FLEK

#k = 5 pg/mL g-FLERE N
z pg/mL j B
1 2031 813 12
2 1973 782 8
3 2027 809 15
1000 F
950}
900}
m 850+
2
K 800
750 F
700 -
650}
0 5 10 15 20 25 30
JS 0 st ] /min
B 3 Ak EERF S DAB B ARG T 28K

Fig.3 Gray value of the T-line on the nanozyme strip after adding
DAB chromogenic solution

2.3 RXIFRBE R H REGR

2N R Tl G V2 A R 2 0 0 D5 1 R AR TR A

RAL—B: TAYIE CRBIAREE TLRIIEM C 2R
A — B R, BT RAS p-FLERkE N, HA C
LRI TR, B TRIIA L CEBIEaE M, B
Hoh AR

H12¢ 3 WA, YAoK 2% R BUEAE S pg/mL FIKS H
FRAE 0.02%(BI4-FLH B 5000 F5)), T BB RH C 4
B T ah AR 450 2 R U R 1000 pg/mL, AT LA
Tl 205 B 1000 509 4= ZL D e R4 H B 0.1%, HHXFF
Tl b AR R 4370 2%, A oK Bt B i J 2 it % it B R
TR Y B SR A AR 4 R 45

#3  HKREERFIZRMERURE AT ERBE MG IRERS:
it
Table 3 Statistical table of sensitivity and limit of detection
between nanozyme strip and commercial colloidal gold strip

HAFR PORRHAN . R RR 4N A%
HUE 1000 pg/mL + 4
P 100 pg/mL + _

YU 10 pg/mL + -
Pl 5 pg/mL + -
B 1 pg/mL - .
2 - .

- FLHERE 100 1% + +
4 FLARRE 1000 5 + +
A= FLRERE 5000 fif + -
2 - -

T+ Bk, —m itk TR .
24 RFIFFFHUNLER

M1 4 AL, R 2R R S PR AC I, BEFLAG I 25
RABANE, FFL. F3 . DIUSIME RIS
TR i A A A iR AR A N 45 R — B0 UL K it e )2
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sl 7R 2% AR i AL A R 2 B RE A B L S A 3L R L 2.5
ShFLEAT IR, FEStE R AT

RS-

HIZE 5 AT, GKREHATR Z0A60 20 REARIE, 9 ke
ABIREIM AR BITE, 11 R REAKG I AE SR B . A4k
RNBATERY O GreA S R BEFL b dh; A IS RN BHERY 11
(o= N R LR i S TN O e I N I S R B T T

R4 PARBRAFNFRUBRFEATFHFREERFITR
Table 4 Statistical table of specificity between nanozyme strip
and commercial colloidal gold strip

FERIRR KM RRRIRIRERAR 6 gl bk SRR R LR AR A R,
A * N SRR AL BB 4 6. % 7 I0L R,
A + + Gl K TR 4% 15 T i 1 I 1 4 1) 4 1 B A 6 3 )
il + + 100%; FFMAFIZH Kappa 24 1.0, BEBIBIRINR R 445
gl - - SR A — B

RS YREERFIFRMERURESHTIFEEN 20 MBI RERFITR

Table 5 Statistical table of nanozyme strip and commercial colloidal gold strip in testing 20 dairy products

FEA 4 5 FEA YK B 4 LB X105 i
1 R + + Bokle: AL
2 JiAg 4t FL K + + Bokle: AL
3 Gzl - - HoAhaR: EEEL
4 FFLb + + Btk R
5 HERAE + + Fokle: aigesl. 3L
6 e TR + + BURRR: 45
7 JeFl b - - Bk 2lgesl
8 HE5EA + + BORR: sigesl. 43l
9 Yesl - - Bkl Az fEalEsL
10 YeFL# - - Bkl A=gEFL
11 JeFLt - - Bokle: A=gEFL
12 Yzl - - Bokle: AgEFL
13 Yzl - - Bokle: AgEFL
14 Yesl by - - Bokle: AgEFL
15 LiEaR i - - HoptER: EEEL
16 L + + BokLE: A HhEL
17 HETEIH + + BoRtR: elRERl . FLEEARSE
18 CREE R + + BoRR: 2RI . FLFERSE
19 RSN + + BURRRRRIERL R . FLIBE AR
20 RSN + + BURRRRRIERL R . FLIBE AR
F6 MKREEAFIFMPRUREESATE—BMHER
Table 6 Agreement results of nanozyme strip and commercial colloidal gold strip
a1 2%
il PR EH% BT ER% BERTEE%
PR H
FH 11 0 11
R B 55
A 0 9 9 100 100 100

Bt 11 9 20
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Table 7 Comparison table of detection results between nanozyme
strip and commercial colloidal gold strip

i WIbREDR T R
% (M )
— B 1.000 0.000 4.472 0.000
Kappa
ARERRG / / /

¥ Kappa=1.0 BB PEA, # 56 4 —3; ASE=0.000 B A~—
B E I (A LR 2S); T=4.472 Fl P~0 B Kappa (i B %
KT 0, Be—BE R B X Fm R, /s okt

3 4

AHFFMEE T —FISET CoFe 04 AKEEI Gy )2 HTAS
W5k, MTREsL BB R i . 207k HA RIGUE
i RESRELS . BRAERIE L TR | AR HCTR
R F I AL AAHA N BT LB AR T — ]
SER B TR, HATT R 0 BT A S A
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