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Determination of Nitrite in Food by Improved Colorimetry
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(Grain College , Henan University of Technology ,Zhengzhou 450001 , China)

Abstract ; In recent years, food safety problems related to nitrite have occurred from time to time, and traditional colorimetry has
its limitations. Therefore, traditional colorimetric method was improved in this paper.The p - aminothiophenol and
naphthylethylenediamine salt were respectively modified onto the gold nanoparticles, and the gold nanoparticles were aggregated
by chemical reaction with NO, , and the degree of aggregation was positively correlated with the concentration of NO, . The
standard curve of this method was R* =0.9946 , the recovery rate was 97.00% ~100.28% , the relative standard deviation( RSD)
was 0.77% ~3.88% ,and the detection limit reached 5.12 ng/ml.The changes in nitrite content of three common foods were
compared. Compared with the traditional colorimetric method, this method had the advantages of simple operation ( one - step
method) , good stability, fast response and low detection limit.It could be used to analyze the production process of trace nitrite
in food and water, which was conducive to the development of the food industry.
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improved colorimetric basic principle

1.2.32 ATP-GNP [l £ M RAE BU 17 mg /KRG
SPREET 50 mL R E TR A, 88 EIFE 10 min, ¥
WERIRTE (0 ;78 mg FPEFIRENIE T 5 mL K& Tk,
THE] 60~70 °C , PeF i A 2 Bl 7 J5 17K & & 4 1R
MR, GRS E] 3 20 min , 175 W 20 €0, /% fo AR
T8 5 BT T IR , e 5 i 5 IR 41 (6, B )
FEEWR VT pH 2 7, 0.45 pwm (978 B U8 PR,
FEIRA XTI 4 9K OB GNPs (19 kr 48 R 29 R
10 nm'™/ | f BRAA bR 2 4 (20 1) 35545 B i9 GNPs
FUIZ G BE A A = 1.924, n] 31849 51 GNPs 119 ¥ J&
¢ =1.40 x10 ® mol/L,

BR{A FLIRERE A =& x C x| (1)

P A RO, e BRWRIKE L, Bk
BE (em, Tl A ES AR K JERAS R 1 em) L ey, =
1.37 x10%cm ™" mol ' L,

B i B 1 A R IBURE AR B 10 £7%5 K pH PR 3% 2]
5FRM: (pH =3~4) , ] 10 mmol/L 1) ATP (%% T Jo/K
L) SREREIS M AN K 4 Uk 5 AR A 1: 81 LR &
¥)5) FEFRIR - A13RYS 6 h, )W e , FH 5000 r/min B
> 30 min, = BE, BHHEE FKIEMR, X E 3~5 IR,
H45:%] ATP— GNPs, ATP—GNPs [}/ 4527410 nm,
R e 2R 2 2 35 ATP— GNPs ¥ ¥ 29 0y
10~° mol/L,

Hil#& ATP—GNPs 2 Ji , 76 = iid N F A hr 4 B v
A A PTE S AN 536 B TR E GNPs F1 ATP— GNPs
PRI AT B ARAR LA B W WA 11 3% i) 28 Ak, L rp
S LA ERAS A1 x 1 em [T BEIL,
1.2.3.3 NA-GNPs (il g S RAE G PLAH S 90K
A A ALAH T A AR AR D A TR G 4 e A5 )
B4, TR 7 3 A 174 3R 5 9 ) A L s g Bk
AR, G S OB ZE L 7 TR I R SRR R &
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FIRAELTE T 80 mL HI 28 vy ey th T 2% 400 W 119
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Ak IERCN B E N E O, RS RIR S, B
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(5T —ali- TRIREF) % T 100 mL PUE KR, 55~
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WEA AR E) 30~40 mL, 455 1B In#R, RS RAAEEIR T
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KL, INA 40 mL S5 I ZLA L, (60 B 14 4 BT 58
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AT R . ZiEMES A0 R 2R
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AW R R pH PSR 5,/ N B IR AT -4 C 4%
JFH o S A B8 0 B vE 5 W 43 50 s B 1) 0.005 ,0.01 |
0.05.0.1.,0.5.1.2.3 4.5 wg/mL, 435Uk BB BE 1Y
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SR EAFRL 1.2 .3 4.5 J&, 43 500 58 S S B, I8
A YNKIURL 520 nm Ab B RFAE W A , TiE B 52 N R 19
e,

35 K A R IR MR BE Y A5 PR UL ES 7 (NO;
PO}” .BH™ . Cl~,CO}" CH,COO~ SO  Fe’*  Fe'* |
Zn’" Cu’" Na® [Ca’" K' Mg’ ") il A FI B W, K
MR R AE 520 nm ZERSGEE(E . @SR 520 nm 4k, {4
F I ' R B B S AT, 158 B 1 PR S i A gl R
ki A B4, BV & X A AR R A 58 T4, 38 TE
AT NO, & —1Pk,

1.2.5 R EEmInbs O DOER TS
i A 405 FIE 26 7K SR 25 1, 43 500 B 2 % R 266 /K
2.5 g, M PHFPAE S 43 BN 5,10 .20 g B9 fiFd iR
AR UE S, B 25 mL, AR AR Y 30 ming DL
2000 r/minZ.0r15 min B _FiE W 5 mL, i A 200 pL
WARFALPNERR (106 g/L) , FEIIA 0.5 mL ZFREFH
W (220 g/L) 45 5~10 min, i JEAS B S, SR )5
JFHAC R Eb o 72 AR AR 5 VA %) SV A R B v B ¢, BV SIP il
BRER TR AN m = ¢ x 25,3755 H [ R 2 10 )
FHEAR AR E R 22

1.2.6  WFPELEIESEBRNH Bl COBR T 22
FIHf e, B FE R IR (25 °C) F 0.5.10.,15.20 .25,
30.35.40 h, 43540 0.25 g & EFBROTAT AL IR (T
%,Hﬁfl 1.2.1 ﬂ%ﬂﬁﬁﬂx?@i,c% = 1000##,‘?& ( Mg/g) -
LG L AL FTEC I LY (0 75 A I ARE 50 VR, 8 LU T b Lk
(ERFREE 3=

2 H#REHH

2.1 RS EL & i r Al BR £h

2.1.1  bRUEANERMGZH M 1.2.2.1 LG ik
TR B bRER 2R . y = 0.0942x + 0.0003, R® =
0.9985 , 4N 3, F|H=s FIRE S 10 YOG FE S
B 10 =5 JE, OGS HE R y =0.0025, DL M
Lk =3 $HE RIS, H KR LOD =76.43 ng/mlL,
2.1.2  HABE FXIMES LAk Em $5IE 1.2.2.2
LG LV ARAEZL B8, 4350 0.145 mmol/L ¥k 5 (#H
M+ 10 wg/mL MEASTREA ) 1025 R L2 0= Al
P AR VR I A B RN, IRAL G L 3 o)
NO, & —Ho & X 2B Pt T He e I, FHogs B an
E 4, HEWH, A Cu’ Fe’' Fe'" XH& 4 btk
R R VR A, H A S T B AN B 7 | A I A R AR
{0, ALSE ek xt NO; B BE L —4k,

213 LG AR IInER GRS IR 1.2.2.3 (1
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Fig4 Effect of different ions on the reaction solution
I7 5 ARGE L CIE RIER BT g 45 R ik 1. &
L] W, ZEMIA 1.00 we/mL B, 42 45 Fb €5 3 Ja 16 A )
HH RS B P R R R 5 T, S SRR ARE i B S R £
T DR T HAG I ER , DX A2 5t LU 3k 7R N 5 T A
MR R . 7E 5.00,10.00 ,20.00 pg/mL B fTARAE
w1 3R Oy 97.88% ~ 100.24% , AH X A i 22
(RSD) N 3.53% ~7.22% .,
2.2 ATP-GNPs HyR1E

It 1.2.3.2 09 77 2% il A K AH G 9 oK 0RL
(GNPs) , %t 28 SEZ4 My ( ATP) A& £1) 5 94 K ks 2
Jei T S AR AU 2 THT B A4S i A8 A, 52 AP e i e A
VRS , s Al R AT A BRI AW AT I i BT
R, sl 5 5 i r LA A8 4k, A 65 ATP—GNPs 1
ALY 10 nm, WA 7.
2.3 ihtH GNPs AP-GNPs , NA-GNPs iR 1E

H 1.2.3.3 J7 3B BRI H M AH GNPs (R4 24
35 nm, JI AP {3975 19 AP — GNPs (1) 6042 24
10 nm, 1M H 5 AR Wz e e A A A A% 5 th T i 7K 1k
AR GNPs B AP €09y, 3% /K 19 2 2k % g 72 A1, 77
EDC (il F 5285 2 e (NED) (2 5634 42 7E —

R ARG ORISR LB AR X T i 22

Table 1  Recovery rate and relative deviation( RSD) of the traditional colorimetric method(n =10)
) K
NO, @i (pe) 1.00 5.00 10.00 20.00 1.00 5.00 10.00 20.00
NO, X6 H & (ng) 0.042 5.005 10.024 19.67 0.041 4.984 9.788 19.91
B (% ) 42 100.1 100.24 98.36 4.10 99.68 97.88 99.55
AR A 1 i 22 (% ) 5.81 3.53 7.22 5.29 5.80 3.67 7.34 4.01
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Fig.5 Changes in UV absorption spectra before
and after ATP-modified GNPs
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Fig.6 Changes in surface potential before
and after ATP—modified GNPs
40 a
30+
&\‘3/
8 20-
:
10+
0 ; T T T
6 9 12 15 18
Fi A% T (nm)

57 ATP-GNPs [FRif8RAE
Fig.7 Particle size characterization of ATP—GNPs

o fifb )52 43 NED K BR, #1535 T NA-
GNPs, {1 F NED #y43F8/)N, Kl itk NA-GNPs (1) 584
W IEEARXT T AP—GNPs JL-F-15A A8 4k, Bt 19 A2 fk
WAT, HAA slifbad 72 i A5 Fi O, 0408 BE A1, vl AH
GNPs ,AP—GNPs NA - GNPs [ £8 4 15 [ 3% ki 4,
wE 8 E 9,
24 HRILBENERSH

76 1 mL R 43 B 0.5 mL 2% 8 /K F
R 0 VA R SR VT, RN =2 )5, R IIAAR 2R 1) 52
SRR, an & 10, RS R B, B E NO, B9k
BEMETE, & AN K JBURE Y 520 nm 457 AIE 04 & W AR,
580 nm &b (4 W WL 05 3B T T R, Asgy e’ Asro e FIH 5
NO, WEEIEAMAHE, mH NO, #WEAE 0~1 pg/mL
B, BRI LEELR, BERLSKN y =0.645x +
0.3613 ,R> =0.9946 , 4nE 11, Jin A NO, W HIG , X
AR ZR L BT T L, nT RABH R E 3] A NO, ¥R
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Fig.8 Ultraviolet absorption spectra of
oil phase GNPs, AP-GNPs and NA-GNPs
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Fig9 Size characterization of oil phase
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Je AR E T B < g oK B0k B S B4, T NA - GNPs
W AP gk T — )2, I LAAHXT ATP—GNPs 3 FAHL”
PRI NA—GNPs FIHL 7 B3 B o3& 87, ATP—
GNPs NIZEALSEBR, anla 12,

R 2 AR S 10 Ul & W 645 51 10 4>
Asso nm/Aszo nm ﬂgﬁ,/ﬁ\:*ﬁ{ﬁ'fﬁ%j{j 0.11% , EEQ&J?E dl =
Bo/k, Horpr dl 24 R, o S48 25 FRE i 10 A 7 i
22,k JRFEbRUEMT LR o Sl A AR i A I IR
dl =5.12 ng/mlL,

0.8
= 0 pg/mL
0.7 = 0.005 pg/mL
0.6 3 0.01 pg/mL
05 == .05 pg/mL
2 ' - == 0.1 pg/mL
<04 N — == 0.5 pg/mL
0.3 1 pg/mL
02 2 pg/mL
~ 3 pg/mL
0.1+ 4 pg/mL
0 5 pg/mL
400 500 600 700 800

WK (nm)
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Fig.10 UV absorption spectrum of the system

by adding a concentration gradient NO, solution
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reaction solution at different storage time
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Fig.14  Effect of different ions on the reaction solution
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2.7.2  ICREY AR MR P AR R SE L (kA
B A DU 9 L PN B BTl 3R AR 22 TR L, 290 97 % ~
100% , i B PR J7 125 76 25 F ORI 9 16l 9 AR AT R -
P MR RN AT S 1 5 4% 56 LG 5. 19 RSD 2y 3.53% ~
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Table 2 Spike recovery rate and relative deviation( RSD) of the improved colorimetric method(n =10)

i A 3% LK
NO, ¥ (pg) 1.00 5.00 10.00 20.00 1.00 5.00 10.00 20.00
NO, “F¥ykith i (pg) 0.97 4.95 9.95 19.91 0.97 4.924 9.96 20.05
I 2 (% ) 97.00 98.94 99.47 99.55 97.36 98.48 99.57 100.28
AEXTARHE IR 2 (% ) 2.48 1.59 1.15 0.79 3.88 1.57 1.19 0.77
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Table 3 Comparison between improved colorimetry and traditional colorimetry
WEE KR R wmbE RSD ]
5 M| R Ve G
(pe/ml)  (ng/mL) (%) (min) OWERET g BEER
@ 0~20 76.43 97.88~100.24 1520 Cu®* Fe’* Fe'* 3.53~722  WAUKERANAH]
R s 0~1 5.12 97.00~100.28 15 Cu’* Fe’* Fe'* 0.77~3.88 —%k

2.7.4 FREMEMHER SR ELE TR Y T R 4 g oK
BrRA R AT IR EAL 5 AL B, Cu®" (Fe*' [Fe'' %t
B TH PRSI A4 2R #B8A /D VEs2 vl BE 2 KoM R
W ) T3 B T AR B 00 BT RS A R O E S
— g A 2 B R v B R i R e PR T
B Titmae .

2.7.5 FEXTARUEZE RSD My b5 (LS Ltk faskm
RSD >k 3.53~7.22 B g thtkt R Eb i R, B elc K Bk
{00,355 A6 T 3% SR 140 B 1 R JRE A0, BIVAG I B <2 1 Eb
G bt R .

BSR UL, SESE kA b, S R A v B
Ko BRAG SR EEURE var FRRAE AT R ARSI R e e
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oA R B AR IS T R e A SV A R R B ARG, Lk
FHIK (2B 0% B L A A5 VA IR £k B e SR VRS i A
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P
2.8 L &IERSEERA A

25 e v R S AR T, TR Y ARV AR B A
2 g/mg, KRG FLIFFR FE 0 70 we/mg, Ay 2214 7o
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NEAFHGE 30 h, B2, R Akttt 78
B, {ERAG IS B #5875 (0~1 pg/mL) , BRI R LA
2538 FH TR ARG B B VA R R B0 T 2, L w ) & | T

0.10 -
s 1 A
2 0.08- ‘
< —— R
= 0069 e g
E{ 4
0,04
o ]
Z 0.02
z ]

0.00 4

0 10 20 30 40
o ] (h)

PLS A B0 AR R AR 1) 5 i A2

Fig.15 Changes in nitrite content in bread
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Fig.17 Changes in nitrite content in seaweed strips
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