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Rapid detection of nitrite in milk powder by derivatization-
enrichment-surface enhanced Raman spectroscopy
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ABSTRACT: Objective To eatablish a method for the rapid detection of nitrite in milk powder by
derivatization-enrichment-surface enhanced Raman spectroscopy. Methods The aqueous solutions of samples were
deproteinized and derivatized, and the derived compounds were enriched by cationic cartridge PSY-01, finally, the
nitrite in samples were qualitative detected by surface enhanced Raman spectroscopy. Results Seven kinds of milk
powders were tested by this method, which took only 3—-15 minutes per sample, depending on batch processing
capacity. The limits of detection (LOD) of this method was 0.4 mg/kg and much less than maximum residue limit
(MRL) of nitrite specified in national food safety standard of China (2 mg/kg). The sensitivity of this method was
96%—100%, the specificity was 100%, the false negative rate was 0%—4%, the false positive rate was 0%, and the
relative accuracy was 98%—100%. Conclusion This method is simple, quick and easy to operate, and therefore
suitable for the rapid screening of nitrite in milk powder.
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I 24 ()W AR ER T AR b, AT M AR R, [
FER AR TN — 2B LR 05Kk 1 LR R A
A FRFL, R IARGEAR, At T
WANERER R BEAh, 7t B e RO R K e A P X i
PR L ANV A R £R OB, in 8% 45 e AR A PR A2 i
HOAISTR, LASCEL b A2 AT 55 Tt b = Az i A L 41k
Yy IR Al L A b R IR ER P BFE R, A
0.3~0.5 g WFAEARER BV AT 51, 3 ¢ SESET-PL BEAW
VA R 2 e AR AL R WA, S Al RE A% 78 S (R
BRI, Ok MIRATRAEIR R, A
I XA TR ) B A T 5 9 s XU, 5 S s e S Ak &
Wy 0 S B AR AR OGO LA v 0 T Y P A R
IR, ETAE LTS G R A ORI R AR ok
T RE S EUR R ML AT & FUAE, R4, HEIE
TP EEARME GB 2762—2017 (& & A ZbRE &
s ) BE: fE bR E AR, R
AFHHEL 150 mg/kg, 22LECH WK H WA ERER A9 2 2 A
3T 2 mgkg, BT WAHIRERE MNP IREREAE, UK
BRI DA AE A BURFRS ) H % WS FBL ) H s e, 2
SO, RE TERR . ERER UG Ik AR U E

HET, W0 B O R R i IR iAok
B A RS A2E R R Ak e A2 AL
NI £ s o 113 65 oy 5237 NI/ Ly 7 S N Y e
I 5) L L1192 1 N 1T QN e S W 1)
Wi TR, 5 F S0, U505 =S e, HXFp
FERERE K . REERNS, SR HMEF T, 1k
BRI R e A TR B 25 . T AR 1
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B OTEE ST A, BER S, FAEHT
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AR, P e B SR I R ) R R A BT IS o
Tl Bh AN K S5 44 4 JB BL IR () 22 11 45 B BOTA 5 10 22 T FL R 3
TR N, 2 AT G 5 4 8 561 1k (surface enhanced Raman
spectroscopy, SERS)FIM 7 I H b5 ¥ 095 5 O E A 71
fEUCTS R g R AT, SERS SEig R R, 1%
THERT T, BE R, TREAT LUK SERS £iAR & JR i tit
Ko RS Az IR T — oG pA il i A R A R Y
R & 5 %) SERS Rl 5 vk, Arllfis%E] 0.01~0.05 mg/L, M
TESEPRRE R A B A TR R 86.9%~103.4% . FMIZEEO{
SERS £ AR 2 2Ll & A A ER SR A ill, F SERS A
XA ERER AR LA G T, R PRy 0.014 me/L.
ZHEGTIEXS 3 AR IR T RS N S5, IR

0.1 mg/L F1 0.5 mg/L, [IUSCHFIAE 2 B BUS A BIARRIUR . SR
M, AT SE PRI ST AR AR W, T EL2 A )
W3 5K 25 AR SR T B, 583 57K 1Y) EL )
TSR 2 o AR LA PO ) S Al B3 T
[ A A TR R A0 TR, ) P o1 A 4 U, AR R 388 s S s 1R s 1
WRRE, [RIB X 2E FUTTE AT A ARSI . 2RV
RV BRI Ak, e T 7 A IR A A T
TIATEAEREAS, BFEH & —FE &R0, REH
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Table 1 Information sheet of 7 representative samples

i /B 7l T 15 it
BOARHFFER—B B2 Wk 2L
Tl R H B =B filf 22 Ak 4L
RS R B LN Ak JLE
FRMEILILIY fif 2% Ak A
CapriLac 2454} WA R0k BN
KA WA AUk BN

= G IR AT I Wk AR

112 B %

iRaman Plus {72 Gi%{Y[785 nm, 500 mmol/L,
IR EC R (LT A PR R, Milli-Q #B 4K (3
[E Millipore /A 7)); BSA224S HLF K- [#E 2 FIHRL 2 28
@A) A R .
1.1.3 &K A

AV AHERENFRUE S (LB 100%) . N-(1-Z850) 2 i —
T b (40 >98%) [ PG % B A il B A7 (V) S S A BRA HID; G
IKCTREF (A =99.0%) . WARTALE (EE =99.0%) . X4
IR (LU =99.0%) . HeEL#2(36.0%~38.0%) . & A fbL4A
(500 g, Zrtfral)(E2E AR AR, FEF ZI-1.
AR PSY-001 . ARAKIGE IR (CP-S(JE T 1T IRk
FHEABRZA A A (SE R Milli-Q #aiKiL) .
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1.2 XWFFE
1.2.1 353K 69 4 &

F 2 MR RRAN A . AgNO; I 35 45 15 21kE
B2 40~50 nm AR AR TP, 0k T TR
GORBHEATBRA A4 HE . H 4 FEAN R 1 mL 1%A T R M
M AF] S A 1 mmol/L AgNOs (9 100 mL /KW,
FARSERIZIBEEE 60 min, MR REIL (AkZFE 40~50 nm
LEATIARGIR T I -

122 BB

VAl FR AN AR AEVE T FRECTE AN R A FR fE &y 10.0 mg,
FHMAUKIARIFERZT 10 mL ARG RS, T 4 °C&0F
T ERECARAE . IR KRR B 0.01~10.0 mg/L (1)
PR T AR

HEEUIRER A: FRE22.0 g oK OBREE, LI KEE
e, AR 100 mL ARIHA, 15 220 g/L A FUTTETR
A, %A

HEEPIER B: BRI 10.6 g WEREUALH, LUBAIKE
ff)a, EFAE 100 mL A®IT, 15 106 g/L HEFVITER
B, #Hl.

FiAEAHR Ar FREL 0.4 g WS SERREIR, LARBAl/KIR %

Ji, T 20 mL R BRVERORS], EAZE 100 mL 8,

3 4 /L MATAERT A, #ERIRAT, &

fiAEiF B: FRER 0.2 g $hERZEZ e, DAHBAE/K AR
Ja, EAZE 100 mL FaF, 152 ¢/L WATERH B, ##6
RAE, % .
1.2.3 HSaT4 32 f= SERS #7

B3 g Wik AR T 15 mL 808, In AR AiKE 7,
FEZEE] 10 mLo, LA 1 mL R ATIER A Al 1 mL &AV
ER B, IRBENRYS 20 s. A 8000 r/min B.OALESC 5 min,
Buh FRER T — B 0E . A 250 pL fiARH A
1250 pL 774 B #25), 8 10 min, EATESF M
PR 2B PSY-001, JH 3 mL $RBRIA(0.01 mol/L)Fikb
2R, PR AR 2 . A 0.5 mL B AliZKikvE 2 1%,
FH 1 mL A A AL (0.1 mol/L)YBefi . We vk g 12 Pl
5 AR

SERS Kill: 44 K Joihr R X e 3 B 4 7= A e Ak
M7 Az SR 3R L A 5 S A5 B3 0 o — L 500 ] B =) da
AN BRI RI 2, FRZ s M5 F b F S,
S AR AR S B . B A TELE R Z3-1 W)
LI AR 21 SERS #UH, MR B hiEES . W
100 pL FRMER T SERS LA H, JA 100 pL HAEF
ZJ-1, FMA 100 pL AR, 12 BB AFLR
YHEBAATIR G, IRAEERLE S PR AETE R, WY
fiz $h % 3= L SERS FRAF i () F7 B {7 B S5 B 78 300~
1800 cm ™!, JEREAFHER N 4.5 cm™' @ 912 nm, HIREL 5
W, IREEN 25 °C, SR/ A 1] ELis 3P A iy H

[, BLArEEAE 2~5 s (AR 4
1.2.4 AT £ gkt

AT 53] A I T SRR A AastR s i . AR
JINFE RIS I T B % T LA TG i A B il A T Ak o

PEHEZ GB 5009.33—2016 (& M2 EZRE £
HO AR R 5 MR ER A 22 ) (R SCHRTFR: GB 5009.33) 751k
R, BN R B B4 28 BRI 42 508 IR R R IiaRE i
FREL3 g Wik T 15 mL B0, 30 2 mg/kg /KF-1Y A
FRER, IMARL KRR, E4F) 10 mL, 3% 1.2.3 Frikb 5%
WATHTACEE , 7E 8 DTS AT AL TR, i AR
() AR 1 P 0 R R A AR, oMb IR A
X AN AL B P2 ST 5 o B, e W B 1 LUE A
AT A A A B TN i o

FPCUMEREE E, BT AR IR P A A R AR
([SO°T)EEH, HATA G AR R YR IR FE R R AR ([SO°T) 2
1, JITLAZE B o FH BH 2 W TR AR TR B . AR 5T 40 SR
T RECRR /MG PHE TR . SR BHESF/ME MCX
DL R R AR B B T4 PSY-001 4 &
AHAE ORI A S5 PR T b R 4R o e AE BV,
MR AT MR PR A4 o FA PR 5 o e L Fr 20
TR IR I AR B N R 20 G R i T A B 5 52
1.2.5 F&xeirse

SHEAHWIFE (2017) 43 5 CRRIMAIT K FE
S B DRGNP B AR RIS A8 ) PR B AR A
Tk, FREL 111 Bk 7 RRESL S0 RN BIMERESL, S0
B 50 5%, WS IR I B A S 64 S A BR R 1 4 FE PR i, R
1.2.3 LR AREL AR, B GB 5009.33 25 _3AAE N
Sk, IR 2 FrRTR R AT ik T A

2 HREDH

2.1 VAR EMAREIR IRV RL 2 ik E

Hie 1.2.3 PO A BRTEAS IR VR B A R ER AR v T T
TR AR, TE BB A G EHINA 100 uL A5
ZJ-1 LT 100 pL GREGAE RS, FPLS s e . 455
w1 iR, BT 5 4052318 1.0.5.0.1 F10.05,
0.01 mg/L P saGIE R . 5 6 FRige has al, B
F TR B AR Al A S5 A A A AR L TSR AR DA R 4k
R, W RsGsR R 2SR . 15k 6 K REH WA
iR A AT AR AR AR R 5 T SRR R A R AR B 4 4 R 7 A T
T 20, A2 T HAT A AL 5 T2 000 18 R SRR AR 0 11 1)
Wro e 1 AT, ATAR AR TR B I e R I e
JE Wit AR ARV B Y AR I DS, MRS 0.01 mg/L
B, SRR RS Ll 3, DRI, WERSBRER PRV WY
K BR AT AR E 4 0.01 mg/L, 3% 59MIm&ER )y 45 3 il
TR ERATHE TR IR > 0.014 mg/L (92518t A —3,
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Table 2 Calculation table for performance index of rapid assay method
Rl 455 b
FERE DL a SR
PR I
BRI N11 N12 N1.=NI11+N12
[ N21 N22 N2.=N21+N22
B N.I=N11+N21 N.2=N12+N22 N=N1.+N2.8§ N.1+N.2
R (p+, %) p+=N11/N1.
TR (p-, %) p—=N22/N2.

BB M (pf—, %)
B P (pf+, %)
FXTHERREE, % ¢

pf-—=N12/N1.=100-#
pf+=N21/N2.=100-4F 571

(NT1+N22)/(N1.4N2.)

TE:a: fIZ LTk GB 5009.33 K365 2 i85 REE 1 i i SEBRI A BUEE R b: AT IR IS B4R . RABUE IS 6T
INE RIS e IR I A5 RAR O ER VR A AR, 5 — B o i Rk BEAS I B s DL S0P
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Fig.l Raman spectrograms of nitrite solutions with various
concentration after treatment

22 FEBAEFHRmMEMMKL

¥ 1.2.4 B R TR, EEAVIELE, £
AR AT BN 0.5, 0.75, 1. 1.25, 1.5 mL EATT
ER A MEATOER B, HAEPERAAE, WK 2 fos, 4
EHEDUREN A FIEADTUER B BFIIMARE N 1 mL &, fi
S E S, itk 8 1 mL BB ATTER A+B 41
G TR AVIE.
23 TTENKFIRMEMRK

Y 1.2.4 B R TR EE, TEMT AL R, kb
PR P4 B 150, 200, 250, 300, 350 pL FO7 A= i)
A FIRTAE R B A7 A, oMb 3RS niEl 3 BiR, 24
A A AT A B PUESIINEE R 250 pL B, iy

RS R, Pk, 8% 250 pL MATA IR A+B G
BT IR RRER A AT AE

1121
1144
1196
1331
1387

1423

0,5 mL

{ é{f
SEN

300 600 900 1200 1500 1800

PR /om™!

T WARFRER AR 2 mg/kg.
2 ORTRES I 2 1 ORE TR Ab S R ik 1
Fig.2 Raman spectrograms of the sample treated by different
amount of addtion of protein precipitant

2.4 FERUNERIEE

KT BEMEMRS /M . SR BHES T/ MCX DL FH B
FHE PSY-001 11 Ay [ AR ZE B 475 28 Ji B RRBGIE T4 AL A
WA, WE 4 PR, [ PSY-001 2R, $i8 6k s
S B 5R T AP EAE UM . FFLA, 28R PSY-001 /MEE
ViR AR5 (4 AL B .
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T WARFRER ARl 2 mg/kg.
3 ORIEE AT AR R A R B G
Fig.3 Raman spectrograms of the sample treated by different
amount of addition of derivation reagent

22 BEg

; o .
i PSY-001
jus]
. o T - MCX
:L_:{_’

I EBLHAT

300 600 900 1200 1500 1800

Hr2 R/ em!

W ERERRER TR INKEh 2 mg/kg.
K4 R ZEBUNME IS B h e b R
Fig.4 Raman spectrograms of the sample treated by
different cartridge

2.5 GERRIGADIEEE

EFXF PSY-001 ZEBUH R s, 7T LAERE 2 Fp 5 XA TR0
Jr g (1)f FHBSAE O IR B AR o075 2 URE 22 8] 4
T = QA ST G i i )y 30, R 20% 20K
WO 1), 1 mol/L A AR (5 =X 1)F1 1 mol/L $hFR
W= 2)BEA TR, R 1 mol/L SR AV WL
B, fFS /T, R E SR 0.5 mol/L A A fLahi
W, 1.5 mol/L A A AbANE AT VR thER, 38R & R H
1 mol/L EE AR VENART, 155 k(& 5). BrLd, A
FERH 1 mol/L & A A BNV LAE A DRI

1245
o —~
o8 agg
=
=
i
B
2 Nt
= N
SR
i L 1MEHA
R 0.5 M NaOH
S,
P i 1 M NaOH
. ) I‘“““ - ——1.5MNaOH

300 600 900 1200 1500 1800
fr B fem!
e WAHERER TR N /KSE A 2 mg/kg.
E 5 RREVEBR BT B 26

Fig.5 Raman spectrograms of the sample treated by different eluent

2.6 FIERIR IR

7 AR AN 2 GB 5009.33 55 T3y KGN, HA
INHEATE . XX 7 Bk #EAT W AS PR ER AR S2 58, SR
1.2.3 JrikaE i ab #AR I . S5 ANE 6 PR, s
IKF-4 0.4 mg/kg B, 7 Fiigifoy v ST i 1 A 14 475 M8 Lo AR 42500
3o DR, AR ZE R I A3 Ry v S Y Rk 4 G 0 B T LA S
A 0.4 mg/kg.

1144
1196
1331
1387
1423

e 3 FR R IR TR R
b BR S R

KRB
» TR
LA EREILIBE

SR E A

M L/
M » A CapriLac 174
e M 4 BB A
300 600 900 1200 1500 1800

B2k /om™!

e WAHRRER S MK 0.4 me/ke.
Bl 6 ASFEW IS LR RRER 1 hr 2 ek 1A

Fig.6 Raman spectrograms of the sample treated by different eluent

2.7 FHAERNEAREE

HRAE 1.2.5 DAl XA L Al . 2 3 45
REW: AR FEARBEAE 96% ~ 100%, FrFHEH
100%, BB 0% ~ 4%, IR 0%, HHXTHER
1 98% ~ 100%, AR PERETRARILEL, AR E T
STV i P L A DU
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Table 3 Performance index of rapid assay method of 7 samples

Wk i RS R T % RS % R BITER/% R BHTER /% ARX VER /%
HLFR A W3 T Il 100 100 0 0 100

F A2 4 R 98 100 2 0 99

TR AR 96 100 4 0 98

F ] H Ll 100 100 0 0 100
BNy 100 100 0 0 100
CapriLac £ 45k} 100 100 0 0 100
AR IR ARG 98 100 2 0 99

2.8 EPFRMEERAENE

BRI 12 FPAS[E] R ek B S s, F B as
HECRNE ==, RO 5 AR UR  BEBR IR | AWk
Frky . B WYR . ORI . h BT AR, sk
4 PR, ia R R S5, SR AAWESE I 1 vk
BEATAGIN, MR PG A TR At A B 4G I — N 1 A A
HTFE 3~15 min, Z55AE 12 FiRE S AP AR AG Ay iR £k
[FIAF2R A GB 5009.33 Jy itailll, 2516 54N ik —20

®4 LRWNAHERER-EE
Table 4 Information sheet of 12 test samples

it /A ol GES

TG T 5 i — Bt T IR BLECTT 4054
FefSE IR =B [ 4 JLRC 7 29k

RS TR B T ] JLTERL 7 29k
FHEE A2 =B e EUDINIGES i

FEREILILIT e 24

CapriLac 458} WRMIE N AEFET
& BRI/ B S BLECTT 054
# s 2 Z BRI ] R AU
PERZER T ] SRS E0)

Fnl S A R4 Uk DN N A N SR o L
SE ] L LRS- ik LS\ R A YNNG S )
HRAGTR P EAE TR ] AR

3 LSt

ABIRFEIE 1 % HE A TORER] | ARG AT ARG Y
Ak, [RIER BB T/ PSY-001 SHATA bWk T &
AR, (T TG 558 137 2 S Wy v A LA R £ 3% B A T
FEVERGN, B RAFRIRICR, Tk iRy 0.4 mg/kg, &
FIT T T B B 25 MO R . IZOIE AR, 5 T

12, AR R A B, SRR ARSI LT 3~15 min,
JEHE TS A 2O S B R, "R T
2 A ARV T LR b A Ml A B2 A i PR R
‘if‘y[ﬁ o
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