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B BEY XA E P b R RRER RN E EEE AT . B S AN E T
WBer iy, AoRH RS A E R i, A S N E BERY R A E JE RR I dh P LA AR L
i 6.01 mg/kg, §RAHEIEN 0.25 me/kg (95%, k=2) 4EHERW, G RME Pl it O R R ER B
B A R R DR T b o ] A AR, R AR L R B A R, TR A B AR ORI
BRI E LA AZZWEATE . G %I Jr i al 73 G BE R I 5 P ol iy o S A R 5 2 ) 0 A
R ER S % .
KRR SOOI, WAHEREL: AT AR E B

& )tﬂi H~> oS

Evaluation of uncertainty in determination of the nitrite content in meat
products by spectrophotometry

CHEN Li-Fang, JIA Yan-Bo"

(Hangzhou Institute for Food and Drug Control, Hangzhou 310022, China)

ABSTRACT: Objective To evaluate the uncertainty of the determination of the nitrite content in meat products by
spectrophotometry. Methods Through the establishment of the uncertainty evaluation mathematical model, the
main components of uncertainty were analyzed and calculated, and the composite uncertainty and extended
uncertainty were obtained. Results When the nitrite content in meat sample was 6.01 mg/kg, its expansion
uncertainty was 0.25 mg/kg (95%, k=2). The results showed that the uncertainty of determination of nitrite in meat
products by spectrophotometry was mainly due to the process of preparing standard curves, especially the process of
color liquid setting capacity of standard curves. The uncertainty caused by sample weighing and solution setting
capacity is not important. Conclusion This study can be used as a reference for the uncertainty evaluation for the
determination of nitrite content in meat products by spectrophotometry.

KEY WORDS: spectrophotometry; nitrite; meat products; uncertainty

E£EWE: bl 52k BAHTRI5 H (20180432B30)

Fund: Supported by Hangzhou Agricultural and Social Development Research (20180432B30)

“RIEE: BN, FYCTARIE, FEATTONE TR L 2SR . E-mail: 82998580@qq.com

*Corresponding author: JIA Yan-Bo, Senior Engineer, Hangzhou Institute for Food and Drug Control, No.198, Shigiao Road, Xiacheng District,
Hangzhou 310022, China. E-mail: 82998580(@qq.com



7344 B dn 2 4 R R I A 4R

F10 &

1 3|

SV R R Al & I A IR, — BB A T
PR i O T e AR e AR R B A A A o e
NG AR AR, T LLLL A S A R . RUR
MR FTRL, AR ER AE P A B T T o By
B, B2, WiHmREhA G A —E 8, AMRTEHEA
SEREY TR, B LAE RS A T2, A%
iz ) 8 0 ) s o A5 ol FE I B R DY g L R 5
2 PRI e ) B A 3T [ L) A B AN S
SRR RN SE, FRGMEM SRR . G R
AR T LA T B AR BSR4 o, I AN 8 A A S0 A
T AR Bk b sz AR AR Y ELE A SR, A A
T AN, SRR & I 25 R A B e R R X
BB AR SR B AL CNAS-GLO006: 2018 { k2443 A
52 BE G T 1 ) BT GB 5009.33-2016 £ 44 42
FE R hrifE bR BRER 5 il Rk A ) BIeb i 43
BRI PR it R RS R A e R P AN S BT T
SNTPERE . DV 60 BRI PR o o P T A R o
HIAN R BE T SRR AR B

2 MHEREE

2.1 {UEEFIEHF

UV2550 S50 WA Y66V H AR B HEGR MDA BRZA
], MS304S/01 HLF 438 RV (L i M #-FE R 2 AU A
B W] B 2R A 9

B R DU R STV T 1R A VPR E ) T [200 pg/mL( LA
NaNO, 1), ¥ RAHERE K=2)N 1.0%, JLaiiFmsts
HEYFUH AR A BRITAT A A, MR85 (NayB405- 10H,0) | JF 4%
FALH K Fe(CN)s 3H,0]. ZER%E[Zn(CH;COO0),-2H,0]
P K B R (CHNOsS) . R R B L %
(CoHuNo 2HCH (AT 4, 2558 1).

22 ZWHE
221 # I

FREX 5.000 g SJRE, T 250 mL #EFEHH, RUOMA
12.5 mL AN M(50 g/L). 150 mL 70 °CLE AT 1K, TR
A], TEMBACGA TN 15 min, BHIEEE . BIRBORER
£ 200 mL AEMAHER, FREIMA 5 mL WkFLHE
W(106 g/L). 5 mL LIRFHAEM(220 g/L), FRATES, HHE
30 min U8, TR
222 W &

W B 40.0 mL F 50 mL 45, 5 EL 0.00,
0.20. 0.40. 0.60. 0.80. 1.00. 1.50. 2.00. 2.50 mL Ff
FRENFRMERE FYR (5.0 pg/mL), 25 EF 50 mL FLEEH,
TR A AR, B ma, ME 538 nm ARG,

il

i 2 LA, TR R 2 1
3 GRS

30 HERERBANMAHEERIEST
3.1 HFAR

s GB 5009.33-20168 1T il ik (L NaNO, )&
FETHRAR, 15 B IFE P S S R AR A 0 A
T R FE BB A X=Myx<Vo/MiV

Horp, X AR5 NaNO, B i, mg/kg; My S FE L R
i, g My ARERH NaNO, 19T, pg, ; Vo MR,
mL; V, o 8 ORI, mL.
3.1.2  RAAE R BAHT

R A STV i T 5 £ ) R 0 A T e HL 5 i A 2 19 PR B
KR LLR I, AN BE 432 B ORI

(1) FERFRES AR E B U(M);

(2) FERERTIAPIATHEE Ue(V);

(3) Tl EFRHEMLES I AR ATEE uu(bi);

(4) FER B EEARATEE u(FERE (),

(5) FEMMEEE S AR EE Uu(X);
3.2 THREERTME
32,1 HEMAREINANGIHZE Ug(M)

L AT R AR E UEAS AT A, MRREE R < 50 g A,
HAR R ARVFIR 2 H=0.0005 g, BERIYEIME (k=3 ), M5
B K51 A PR AN 2 R

u(M)z%=0.000289 g

FFREERE 5 g THER, AR SR AR S I A AE XS AR fEAS 1

FEJEN:

0.000289
Urel(M)= f

=0.0000577

322 HBRAZIIANGIHZE UgV)

FERGEZR E 200 mL 28 B0, HORHhE R £ 2 Eh
i . IR E TS AR,

(1) &M E S AWM ARHEE uw R
JIG196-2006 { # FBERE AR A MG 2 IR ) IR, EbmifEdia g
20 °CHY, 200 mL ZEH(A Z0O)RIZ & 22 E+0.15 mL, %
SIS (k=3 ), ARG E 5 | AR RIEA T2 B

u (V)= 015 _ 0.08660 mL

NE)

(2) WEESI AR ERE V) KK R 502
2.1x107%, 242 °CHIIR 2% LA K2 95% I EHAE A % (k=1.96) 11,
TRE S| BIPRAEATE B R
200%2.1x10™#x2

1.96
Kt 200 mL 25 BHE A RIFREATZE B u(V)HR:

u(V)=4u(V)> +Uy(V)> =/0.08660%+0.04286 = 0.09663 mL

Uy (V)= =0.04286 mL
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WREE D7, 451 200G GRE LI E A 1l b o S R 5 2 ) AN JEE T 7345

ARV E 285 | A A AN AE BE Upe(V) A :

0.09663 _ 0.000483

urel(v):

323 HIEARE W R IING T EE Ug(FF)
(1) FrUE S| AR EE U(NaNO,)
W fiF R BN bR E Y OUE BB oOR, b dE (E
200 pg/mL(LL NaNO, i), ¥ EAHEE (k=2)~ 1.0%, N
FEX AN 2 By -
01

Uret(NaNO,)= O'T =0.005

(2) T b 8 PRI 5 ) A PRI AS 8 2 B e RV (8 FED AR

T R b v G I (5.0 pg/mL), AT, A 5 mL
RSB 2.5 mL LAY FRAFFHEA (200 pg/mL),
BF 100 mL i, MUKEREEZIE.

1) ] 5 mL BRE S ABIARTEFE Uu(5)

B, 5 mL ZEBBSA SOMEERERE
+0.025 mLM, BERAM 51 (k=3 )00 5 mL Bl A it
FOE T BRI 5 B

uy(5)= 0025 =0.01443 mL

V3
H B 5 A BORREAN B E A

5x2.1x10™* %2
U2(5):71 %

Ptk 5 mL B8 5 A RIBR A &

U(5)=~/0.014432+0.0010712 = 0.01447 mL
M 5 mL B 5 A BYA XA 2 B A
0.01447

=0.001071 mL

Urel(5)= =0.002894

2) FRUESEHRE A5 A BIAHE BE u,q(100)

V241, 100 mL 75 5 (A )R 75 ik 7222 540,10 mL!Y,
A 2% 53 A 45955 (k= /3 ), U 25 1 B ARG 22 5 A 19 T R A
BN

u,(100)=212 ~ 005774 mL

NE)

TR S A BYPRHEAS G 5 N
100x2.1x107% x 2
1.96
I 100 mL 252151 A RIAREATE BN
U(100)=+/0.057442+0.02143% =0.06131 mL
FH AR VHE (5 FH TRE 1) 2 255 | A O RE K AS  SE E -

0.06131

Ux(100)= =0.02143 mL

urel(loo):
TC T VA PRV 5 | A AR R R A 5 Sy

Urer (BRI D 0)= /Uge(5) + et (100)°

=0.000613

=~/0.0028942 +0.0006132 =0.002958
(3) PRUERIZ R B A5 AMATEE UgbriE RS

)

F 1 mL 2R 0.00, 0.20. 0.40. 0.60. 0.80.
1.00 mL FRAERT S 3 E T 50 mL A7 ZE i, 2 mL
ZIFER R 1,50, 2.00 mL AR UE FIE A9 E T 50 mL
WA . S mL 2R WAL 2.50 mL ARifE(#
WET 50 mL g, REBAEARZE S50mL.

1) B 5 AN & B

O 1 mL B 5B EE uu(l)

EH 1 mL ZIEBREA RONEREALE R
+0.008 mL!", #ERM A5 (k=3 ), MBBE R ETIA
(R VAN 5 FEE A

(=27

TR 5 LA RIBR A 2 A

1x2.1x1074x2
u 1 = - -~
() 1.96

b 1 mL B | A RIAREA I 2 B R
u(1)=/0.0046192+0.000214% = 0.004624 mL

PR R A B AR, B 1 mL 2 RRES AR

AN R A
wl)= 0.00;1624

O A 2 mL BHE S AMATEE Ueu(2)

CH 2 mL ZIEBWEA ZOMAEREALESE
+0.012 mL!", BERDAT S (k=3 ), MWK ETIA
AR BT AS B 52

0.012

Ui(2)=——==0.006928 mL

V3
B 5| RIRRHEAN E A -

=0.004619 mL

=0.000214 mL

=0.004624

2x2.1x1074 %2
u2(2)=71 %

Ut 2 mL B 5 | A BIAR AN B R
U(2)=/0.0069282+0.000429% = 0.006941 mL

FruEth£ 250 B, 2 mL ZIEBRE S| AR

Tof AN RE T A
urel(z):
O 5 mL B S AMATEE ua(S)
Uret(5)=0.002894 (I 53 #2 . 3.2.3-(2)-1))

2) FRiERRLR RIE RS ABIATERE Ue(50)

J1G10-2005 { % FH B B B 26 2 AR ) SHLE, 50 mL
H A B 25 B 222024040 mL, R 5] (k=~3), NI
50 mL F K E 51 A BIBRHEAST E N

u,50)=24% ~ 02309 mL

V3
TRLE 5 A B BR AN 7 A -

=0.000429 mL

0.006941 0.003471
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510 &

uy(50)=

50x2.1x10™# %2

1.96

P 50 mL HE 63 5 A BIARHEANE 2

=0.01071 mL

urel(h? r/ﬁi/% ﬂ 2 @)

=\/5urel(1 1)2 + 2urel(z)2 + Urel (5)2 + 9urel (50)2

u(50)=+/0.23092+0.01071> =0.2311 mL =0.01821
H1 50 mL H 5 1A AR AS 6 2 by

0.2311

U(50)= === 0.004622

Zi BA, hbn ok fh AR R IR 5 A BT AN E

E Urel(*ﬁ‘?ﬁ?‘f‘:ﬁuﬁé)j"j

4) WA IRAERZT AT EFE Upa(Y)
W 9 MARUER I RAIE, FAHRBEN 3 P17,
WA AL R LR 1 AZA B EE, 15 3R UE

r?=0.9998,

F1 RERIBRMNELR

/5% 0.004624% +2x 0.0034712 + 0.002894> + 9 x 0.004622>

b2 7 #2: Y=0.0151C+0.0008, #I% b=0.0151, M=% HR%

Table 1 Contents of standard seriers solution
Cii Y, Y ih AL SRR R Y (Yi-Y)? (Ctzi —Cpp)*
0.000 6.4x107 25.00
0.000 0.000 0.0000 0.0008 6.4x1077 25.00
0.000 6.4x1077 25.00
0.015 8.1x107 16.00
1.000 0.016 0.0153 0.0159 1.0x107° 16.00
0.015 8.1x1077 16.00
0.031 0 9.00
2.000 0.031 0.0310 0.0310 0 9.00
0.031 0 9.00
0.047 8.1x107 4.00
3.000 0.047 0.0467 0.0461 8.1x1077 4.00
0.046 1.0x10°° 4.00
0.062 6.4x107 1.00
4.000 0.062 0.0620 0.0612 6.4x1077 1.00
0.062 6.4x1077 1.00
0.076 9.0x107® 0.00
5.000 0.076 0.0760 0.0763 9.0x107° 0.00
0.076 9.0x107® 0.00
0.113 1.1x107° 6.25
7.500 0.114 0.1140 0.11405 2.5%107 6.25
0.115 9.0x1077 6.25
0.151 6.4x107 25.00
10.000 0.153 0.1520 0.1518 1.4x107° 25.00
0.152 4.0x107* 25.00
0.187 6.5x107° 56.25
12.500 0.189 0.1883 0.18955 3.0x1077 56.25
0.189 3.0x107 56.25
< 2
E(Yi_Y) - _ - 7.4x107 _
p-2
n
> Cii—Cp)’? - - - - 427.50

i=1

T C i AARIER IS R (ng); Yi I BRIE R B W45 550 1 AU OIG BE
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» S PO BEVR DN SE P A R A R A % R (AN E P E 7347

A LA AR UE M5 A BIAR HEAS I 5 JiE
1,1, Cp-Cp)y

n PR
> (Chi —Ci)’
i=1

u(Y) =%‘

_0.00086 \/1 L1 (576.0185)°
0.0151 V6 27 4275
=0.02586 g

Horr Sy WU ih 2R 22
Z(Y ~Y)?

=V7.4x1077=0.00086 Cy. 7 ifE

RINEAS B /Z?T“E’J%ﬂﬁ

— 0+14+2+3+4+5+75+10+12.5

Ci= 5 =5
2 n A S D E URE(n=6); p b TV VR ) A
SERERO AN, 3 FAT, R 27 K); Cpp MR

4 A FE 1 39 81 e =6.0185) (SRR 5 1157 0

F 1. £ 2). HILmIIEARAEMZT | AR E
u(Y) _ 0.02586

U (V)=2L2)
(Y= Cy 60185

L LR, WA ER 2T A BRI E B U ()

(ht) rel(NaNOZ ) + urel(h—(ﬁ{%ﬁﬁ{@i)
rel 7
U (FREE BRI +u, (Y)?

=+0.005% +0.0029582 +0.018212 +0.004297>
=0.01959
324 HRARREINANNTHTE U (FREE)
JH 20 mL BAREFE WA BRI 2 KT 50 mL 472
s, E4 % 50mL.
(1) H1 20 mL B E 5 AR AHHE BE U (20)
T 20 mL HBARERBIRE A SOMERAREN
+0.030 mL!", #ERSAI 5 (k=3 ), W] 20 mL BWAEHK
FE T A IAREA I E B A

1 20= 299 _ 601732 mL

V3
IBJEB A BIPREATE N
1.96
Rl 20 mL BAFRB M 51 A BIAREA 6 2 B R
U(20)=~/0.017322+0.00429% = 0.01784 mL
FEMCRSIE, Fi1 20 mL bR HAT T | A BAIX R o)
FE LA

=0.004297

Ux(20)= =0.00429 mL

=0.000892

4 (20)= 0.021784

(2) PR EE RS ABIARTEBE Ue(50)

BERERN, H 50 mLaJE a5 A X A
7 PN U, (50)=0.004622(iH R 1 R I, 3.2.3-(3)-2))
PH I R R VR 55 | A B AR AR 2 B A

U (BE VR 2 €)= 1 204(20)” + gy (50)°

~2x0.0008922 + 00046222 =0.004791
325 HeaMEELMFANTHZE Uu(X)

FEMmIE 6 K, L5 2, mER 2 v, ARSI E
ZE L B BRE R 22 A :

ka—ff
i=1

S= =0.06282
n i
b B B I S I bR AN o
S 0.06282
uX)= —== =0.02565 mg/k
Y AN 3 gke

T 5t A I ST AL AP R AN
(0= UKD _ 0.02565
X 60112

=0.004267

F2 HRBUEER
Table 2 Contents of samples

BESL BoReRt  PRRCPOERSRREE PRSP IERSRRE:
haes M/g W C w/ng T Xl(mg/kg)
1 5.0002 5.985 5.9848
2 5.0103 6.052 6.0396
3 5.0187 6.118 6.0952
4 5.0014 6.052 6.0503
5 5.0004 5.919 5.9185
6 5.0052 5.985 5.9788
M 5.0060 - -
Cit - 6.0185 -
X - - 6.0112

3.3 ARIETHEE

2 2 — e
urelz\/urel( M ) + urel(v) + urel(*m )2 + "‘Irel()leé"ml‘E@J)2 + urel( X )2

=0.00005772 +0.0004832 + 0.019592 + 0.004791 + 0.004267>
=0.02062

34 TEBRABEEANTE

2 6 RIS E RS OGS R ER 1 & AR 2
i h X =6.0112 mgkg, & Kb lEAR W EFE K-
U=l x X =0.02062x6.0112=0.1240 mg/kg

I R T k=2(95% A5 4), W4 A &
U=2u=2x0.1240 ~ 0.25 mg/kg
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3.5 MELHR

HRHE LA BN 8 FE VP8 A5 L, SR 43 606 EE TR
FE A Al R R R B S R S R RN N X=
(6.01£0.25) mg/kg (k=2),

4 &

A F YL GB 5009.33-2016 45—, 140606
T R PR ot P R R R R, L AN S R ORI
TR il 5 R R, R R AR R R 5 B A, T
FE AL FR B RIRE TR E 255 A RIS 2 BE AT L2 AT Rtk
PRufE 2R 4 B L ARk RO 00 A AR DA B A e
T R M S ARG 0 25 SR v g A SRR R 36, ARl 43
FEGREE RN E RS IR ER I, T5ELE A TR T . R
SRS IR LIRS 45 B v i 25 | S AN B, )
R A S 06 o) AR AR T o A T AR, DA R A R R B R
R 25 S B oL R A T EE A, AT RS T b R AR A 0 2 S
BTG R BE, 3R A 25 SR A R 1
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