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Nitrogen, Sulfur, Phosphorus, and Chlorine Co-doped Carbon Dots

Probes for Rapid Detection of Carmine in Food

QIAN Minjie, SUN Huijuan, HE Hailin, ZHAO Shengyan, XIAO Lixia, YANG Zhenquan, HU Qin”
(College of Food Science and Engineering, Yangzhou University, Yangzhou 225001, China)

Abstract: Carmine (CRM) is one of the most widely used azo pigments in the Chinese food industry. Its carcinogenic and mutagenic effects
have attracted increasing attention. The establishment of a fast, sensitive, and accurate CRM detection method is of considerable importance to
protect human health. In this study, a fluorescence detection method based on nitrogen, sulfur, phosphorus, and chlorine co-doped carbon dots
(N,S,P,CI-CDs) was established for the rapid detection of CRM in food. With glucose as the carbon source, and ethylenediamine, phosphoric acid,
hydrochloric acid, and sulfuric acid as heteroatom donors, blue emissive N,S,P,CI-CDs were prepared by exothermic acid-base neutralization. The
fluorescence of N,S,P,CI-CDs was effectively quenched by CRM through static interactions and inner filter effects. N,S,P,CI-CDs showed high
selectivity and sensitivity for CRM detection. In the concentration range of 0.01~14.0 umol/L, CRM demonstrated a good linear relationship with the
fluorescence quenching efficiency FO/F, and the detection limit was as low as 9.38 nmol/L. The developed method was tested for CRM detection in food
matrices. The recovery rate was between 97.8% and 101.5%, and the relative standard deviations were less than 3.29%, showing the high accuracy of the
proposed method. These results demonstrate that the established fluorescence detection method can be applied for rapid CRM detection in real food.
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5 50.0 mg/kg 8% 50.0 mg/L"; WCHMELEE -
BELa M PR CRM KR &N 100.0~200.0
mg/kg™ . BN S H CRM [ #R A E
TR HIBR bR, ERE AN T A {fFE CRM
it ERE . B, R —MEER. PO,
(1) CRM A5 vE% T P il e A A N AR 2R 0%
HE,

HRG, % 0 CRM K= im0 e EER,
B Bk, m R R (HPLC) MR (R ek
& AR, IXEETIERZHHAEARRYE. fil, 5>
FEEEAAR B A T B SRR, DU, (BRI
FREAR T BN kIR B R T, TR =D,
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66 R HERA R DRE A4 2R & S i) CRM

E T 5, B S (carbon nanodots, CDs) #&
— RSN 10 nm, B BRI IHTR D 6
kAR, BT CDs B0 R P ER L5, 5
I R AT R A e R R SR R R
MEioeiaE Y, HE 2004 EHRDILR, Bl
RG] T AN 2 E. Bl #&mE T A
P EARERIURN KRG, Byl 1y
PARB AL AT AP URD R P A P T AT
TR, MR AERETUMA, F CDs HiBA
EYMIRE T, H%B400 CDs #14F, £42TF CDs
FENEBHEMRBUZ A MTFEP. 2481k, OF
KETAERY], B CDs £ i E R TR 7
T, AR, AR, AR 24
2, R ER A RS

KRITAFLE AR R, 2 f. TR, Hhiem
BB N A A, (SRR -F R A ER, il
HEIR ARk S (NS,P,CI-CDs), F#HAEN
POIRE A TR h CRM IHRsAI . A TR S

ookt AT Tk, B T2 E M IEIEE . R
FE M RBUT U, HHRTL T NS,P,CI-CDs F
CRM 2 [al A8 B /E H, #Ef $& tH CRM %)
N,S,P,CI-CDs PRI RIIWER . feha, Al /7 iEp
FFS2 Bkt it CRM RS ] 4712047

1 SCIRERSY
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A TAEFTA B i e 38R EL IR M T A T
Yy MRARAABRIRZE T R0 Hrat, T E RigRT T3
FIEBR AT BT (R 275 MWCO=500~1000
Da) W H 3 [H Spectrum A &5 HABZ AR N7
frati, gE EZ SR R AR ASEEe 2= A4 1)
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Millipore ] .
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HT 7800 &4 T 2/t TEM, HA Hitachi A7];
Cary 5000 “&4b-A] W-L ARG RE UV, FE[EH
Varian A#]; Cary 610/670 SN EREX IR, E[H
Varian Ao

1.2 N,S,P,CI-CDs #y | %

FREX 0.4 g Hi&FEE T 50.0 mL BIEAR T, 1Rk
BN 6.0 mL 2. 2.0 mL # H3PO,4. 2.0 mL ¥ HCI
F12.0 mL H,SO4 (JREIREEA 70%). (ERRHRHFIH
BHERT, RNSIBEVEEF N SR . 3R
N =P EHARA N R =R, KRR 2%
& (MWCO=500~1000w) 1, SRJFKHNES 1
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FIFEE NS,P,CI-CDs ¥l . AT 155] 028 g
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N,S,P,CI-CDs My KB T h 4 H o

1.3 ITHESHM®L

S0 MR K R B OB S IR Ak 1, B
N,S,P,CI-CDs ¥R RIARZR pH Al S [E] o
TEARFR UL T, N,S,P,CI-CDs ¥R FHE 4t
KT . WEBRBK (o) FIRFEK G
43518 380 nm AT 453 nm.

1.3.1 N,S,P,CI-CDs &R IR EARAL

FikAk N,S,P,CI-CDs IR FE, 8 K ] 8 A
FRE (0.01~1.0 mg/mL) ] 2.0 mL N,S,P,CI-CDs ¥
i, iEFEIIA 10.0 pmol/L CRM Fi Ji& N,S,P,CI-CDs ¥
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TE Aex/Aem=380/453 nm Tl KW INTMY AT )5
N,S,P,CI-CDs ¥R TR o

L6 gt ms
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Fig.1 TEM image (a) and FT-IR spectrum (b) of NV,S,P,CI-CDs
Z: B at93E 4 N,S,P,CI-CDs #94ii25H A 77 A .
FIFH TEM %t N,S,BCI-CDs (SRR o0 A itk

ITFAE, W 1a P, #1461 NS,P,CI-CDs Bk
BRI, A ZREEAi . 18] 1a BOHE R L BEAL
THECHLER B 100 MRTRLTR/D, 193 HRAS 7 A0 B



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.6

J7Bl. N,S,P,CI-CDs HIFifE 3 Aa Ve FEl A 0.25~5.0 nm,
EEPRIAE N 2.27 nm.

a lzr 503 712
o oop B 5 02 {10 4
<& =0, <
o 08 s 108
= 250 300 350 400 450] b
R 06 #HAK / nm 0.6 =
K =
) 0.4 104 )
L o2 //Em loo 1
o < O
0.0 0.0
1 1 1 1 1
200 300 400 500 600 700 800
WA / nm
—— 300 nm—— 310 nm
140 —— 320 nm—— 330 nm
120 —— 340 nm— 350 nm
2100 — 360 nm— 370 nm
~ —— 380 nm—— 390 nm
%( 80 — 400 nm—— 410 nm
B 60 — 420 nm—— 430 nm
EY —— 440 nm—— 450 nm
40 \  — 460 nm— 470 nm
20 A —— 480 nm—— 490 nm

0 1
300 400 500 600 700
WK /nm
€ 40000]
3 350000
& 30000F (1) Gradient 1=450125.7
£ 25000}
e
& 20000}
% 25000 -
5 10000f
2 00l (2) Gradient 2=48356.1
R ) ) b
0- < 1 ) 1 1 1 1
000 002 004 006 008 010

MR ICEERE / au.
B2 (a) N S P, C/-CDs HOZEIM-FT LIRS S & g
MEGHIL; (b) N S, P, C/-CDs ZERE] A FREGHRKIE; (o)
WERZET (1) M N S P.C/I-CDs (2) BULIMRUGRE-HHN
TEIEEIRFA S HEXE
Fig.2 (a) UV-Vis absorption spectrum, fluorescence excitation
spectrum and emission spectrum of N,S,P,CI-CDs; (b)
Fluorescence spectra of N,S,BCI-CDs under different Jg; (C)
Plots of integrated fluorescence intensity against the
absorbance of quinine sulfate (1) and N,S,P,CI-CDs (2)
E: Ba, Abs: FIN-T RN, BEx: RAEMAEA
i, Bm: KAHRE, 6B A NSP,CI-CDs % 5h--T LBt
A 250~450 nm & B A 49K
KA LA FTIR Xt N,S,P,CI-CDs [
BT T RAE, W 16 PR, 3500~3350 cm™
3150~2760 cm’ AL FENR AR T-NH H1-OH {4k
g, 1670 cm’ LSRR H C=0 4ilksh, &

Bl NSPCI-CDs KHAFIEREMBEIE, BT T
N,S,P,CI-CDs RUFRKENE. 1250 em™ Ab (R iz
BT C-O 4R . 23004 1500 1180995 1 827 cm™
AR FRTSRIR AU, 43 AR S-H A 4adRal N-H 25,
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I A ET LR U o CUV-Vis) B AT T
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N,S,P,CI-CDs [P 6, Wil 2a fiis, N,S,P,CI-CDs
(R R AT 380 nm. N,S,P,CI-CDs FIRSHERE, 4n
Kl 2a fi7R, N,S,P,CI-CDs 1E 380 nm AbJUR I 1) 5 5
U4y 453 nm. B 2b N N,S,P,CI-CDs {EANH Ay FII%E
HHRE . 2 d M 300 nm HEINE] 490 nm B,
N,S,P,CI-CDs [#] Ao £ 453 nm 5| 553 nm 6 F N 485,
B N,S,P,CI-CDs ] o 2 H SR 2, HASAT 0,
TELRHMNEIRST R, N,S,P,CI-CDs VARSI H 52 15
a9t (B 2b EED .. @il 2¢ Fis, UBRIRZE TN
SEYR, WF N,S,P,CI-CDs R T =% N 5.8%.

22 LAt

22.1 N,S,PCI-CDs JREAT#M CRM #9377/
ASEIGCHEFL T AFHRER] N,S,P,CI-CDs %} CRM
T . il 3a B, BE%& N,S,P,CI-CDs WAL
ALk, Fo/F W2 B4k, 4 N,S,P,CI-CDs #J% M 0.03
mg/mL I, Fo/F X3 mfE. Kk, %4 0.03 mg/mL
BN CRM Fr {1 B £ N,S,P,CI-CDs %
2.2.2 pH X&) CRM #9%0k
ASZIGHETE T AN pH {H (pH=2.0~11.0) %} CRM
R rIsEmE . ankl 3b FizR, Fo/F 76 pH 2.0~11.0 1R
BETE I BB K2 N T Wi S AR, 1EHE
pH 5.8 GHiZl/K) EAf CRM 1) pHe.
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Fig.3 Effects of NV,S,P,CI-CDs concentration (a), pH (b) and
reaction time (c) on CRM detection
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e
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DL BOE K N,S,P,CI-CDs {5 esmEE . HE 4b Al
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5 CRM iR 228 H RAFIIZMESR R, 54 Stern-Volmer
JitEe F I TERRIR Y 9.38 nmol/L. A
TAE SSeRTIRIERIFET CDs IR IN 2T U
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Fig.4 (a) Influence of CRM concentration on the fluorescence
intensity of N,S,P,CI-CDs; (b) The linear plots of Fo/F against
CRM concentration

JE: a ¥ CRM KA # 0.0~105.0 pmol/L.

=1 ET CDs RURRBR LA 75 P ARIXTEL
Table 1 Comparison of CDs-based fluorescence methods for CRM detection

Fik  AKMTEE/(umol/L)  ARMIFR/(nmol/L) # Bk LAk
CQDs 3.3~49.7 264.90 ARA [30]
N-FCDs 0.01~10.0 11.20 EET. DEkAF [31]
AIAE 0.01~14.0 9.38 R¥E, BKGE, KETFH

24. NSPCI-CDs wyit F AT 14

ATAEHRIE T N,S,P,CI-CDs %} SZBRkE S AT g
ERTIR ANEFREER, HE T, BT
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THAFHT N,S,P,CI-CDs 9558 B [152m JLF- 7] LLZ
W&, B4 N,S,P,CI-CDs % CRM Frilll B A7 myie Bk
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Fig.5 The Selectivity (a) and anti-interference ability (b) of
N,S,P,CI-CDs for CRM, cations and anions and various small
molecules including amino acids et al
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Fig.6 (a) The UV-vis absorption spectrum of CRM, and the

fluorescence excitation and emission spectra of N,S,P,CI-CD; (b)
The fluorescence decay curves of V,S,P,CI-CDs in the absence

and in the presence of CRM
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E S AT A il 7 ST i 1 < 1 e [ET <
97.7%~104.2%Ja El A, AR bRERZE (RSDs) &
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HPLC 7% ([EAR1E) Prkigs FtA7 bexs, B F
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Table 2 Detection of CRM in various food samples

FTF N,S,P,CI-CDs 545k 4 5% epem ik AriE
o FmR . . , - AV -
Fom (umol/L) BRI mARES AeAR AR/ %, AT AT AR £ AR/
(mg/kg) (umol/L) (umol/L) (%, n=5) (umol/L)
5.00 4.93 97.80 2.00
10.00 10.10 100.60 236
E=F 0.04 0.40 0.04
15.00 15.25 101.40 1.79
20.00 20.34 101.50 1.21
5.00 5.01 99.40 2.19
. 10.00 9.93 98.90 1.39
ZEHeT 0.04 0.42 0.04
15.00 15.06 100.13 228
20.00 20.16 100.60 3.29
5.00 5.04 99.80 1.52
10.00 10.04 99.90 238
R 0.05 0.45 0.05
15.00 15.03 99.87 228
20.00 20.15 100.50 251
5.00 4.96 98.20 1.41
N 0.05 046 10.00 9.90 98.50 238 0.05
R ' ' 15.00 15.01 99.73 2.00 ’
20.00 20.00 99.75 2.56
5.00 5.10 98.60 1.52
10.00 10.12 99.50 238
iy NG 0.17 1.66 0.18
15.00 15.22 100.33 2.68
20.00 20.34 100.85 1.79
5.00 4.94 98.60 1.52
10.00 9.85 98.40 238
Rkt 0.01 0.03 0.01
15.00 14.98 99.80 261
20.00 20.15 100.70 2.28

3 Zhig

AR TAEENL T —FET NS,P,CI-CDs FI5eka
J7EF T CRM FIHSHEAS I o %7 73RA5 LR
0.01~14.0 umol/L, &MIBRALA 9.38 nmol/L. Bk T miR
BE, ZINECEA RIS E R, B, AR,
HEREPELF . PUTIRIER L S ASIE ER S. Be
AR TAEZITER T S2bn & e R CRM (1A, i
FRIFISCRLE 97.8%~101.5%2 8], RSDs {&F 3.29%, 4
R NE, RFATAEREN NS,P,C-CDs HR%HE
CRM A7 THEA R AN A 5.

BE IR
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