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Evaluation of uncertainty in the determination of nitrite content in milk
powder by spectrophotometry

SONG Ge, HE Jiao, LI Hui-Juan®, ZHANG Jun-Long, LIU Hai-Xu, LI Xiao-Bo, CHEN Hai-Yan

(Mengniu Dairy Industry (Shenyang) Co. Ltd. COFCO Mengniu Northeast Regional Testing Center,
Shenyang 110122, China)

ABSTRACT: Objective To evaluate the uncertainty of determination of nitrite content in milk powder by
spectrophotometry. Methods Taking milk powder as an example, refer to JJF 1059.1-2012 Measurement and
expression of measurement uncertainty, the uncertainty of the second method spectrophotometric determination of
GB 5009.33-2016 Determination of nitrite and nitrate in foods of national food safety standards was assessed.
Results When the content of nitrite in milk powder was 1.0 mg/kg, the synthetic standard uncertainty of the
determination result was 0.042 mg/kg (k=2), and the expansion uncertainty was 0.084 mg/kg. The result can be
expressed as (1.0 = 0.1) mg/kg. Conclusion The uncertainties of the measurement results are mainly the standard
curve fitting, standard working solution preparation, sample detection repeatability and measurement sample volume.
The uncertainty components introduced by the former two factors contribute a lot.

KEY WORDS: milk powder; nitrite; uncertainty; spectrophotometry
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F10 &

AR O r 3t B N S P E A E
BT EAIRZ, JIF 1059.1-2012 (8T E EITEE 5%
7N ). GB/T 27418-2017 U & A 2 ¥F & ME R ).

CNAS-CL01-G003: 2019 { il &t R 5 & & 1 2R ) .

CNAS-GL006: 2019 { fb27 4381t AN BE A PPAG 1 e )

JIF 1135-2005 € fk2% 43 b7 W 42k AS 5 € B2 9P & ). GB/T
27411-2012 A& 9256 = Py AN 2 B8 ik 5 3%
7~ ). GB/Z 22553-2010 { FIUHEE M . FRBUER ER LW
A THEPEAL I AN B 145 ™ ). GB/T 27419-2018 (]
WAHE EIEEER (AR 1 TR REFIEN
S AFERE ). RB/T 151-2016 £ 5h A 1 e SoAS:m) )
AN FEPPAG T ) 2014 SR L b S P AN o

FAAE—SEA KL, n—LE5200 SORSE PR PP ANH E JE 73k,

SR B B0 AN A, 5 R AN 2 B R RS 4, S
HARE A T AR

GB 2762-2017 { & fh 2t EFhrE 255 YR
) PXTESE RIS AL RS R
FHED S i A R 6 B R A B R, b 2Lk T A R
(LA NaNO, THBRERREN 2.0 mg/kg!', L4k [H 5%}
LA, JUIR B LU T R A LA

AW LAFLE B, Hetlt GB 5009.33-2016 { &4k %
S FARE B TR EREE S R R I ) PIhgs —
BB, FE S DN RE i PO R R AR AN A2 BE PR
Jrids, VAHASRASJE 5 v e LR o R R R R
R&%,

2 MRS

21 U AFSHEM
211 X %

XSE204 HL T K- (M-3R 2 (L) A FRA AD);
U-3900 24011 WL 4066 T (H 4% Hitachi 23 /]); TW20 {8
TRKA (DL HE AR AL ) A BRA H).

212 &K A

RS, HIARENLIE L

WAL . SR, WIRREN . X ELOERR . £
IO Wr(orprat, R Rk 2S00 ).

2.1.3 FAEER

VAR R MR B T RRUE IR R 998 mg/L (7 [ BR TR AR ).
22 MEFERDE
221 KA

#2B8 GB 5009.33-2016!13155 — g, FREGAHRE 10 g,
BT 150 mL HIEEHETEI I 12.5 mL /@R,
A 70 CCEA MK 150 mL, 1BAE), T il K v hn
15 min, UL BERKEHERH, a2 ER. e2f% b
PRI 2 200 mL &, A S mL 106 g/L A%k AL

oS

BIRWR, $557, TEIA 5 mL 220 g/l Z BRI LATTIEE
Ff. K ZEZE $25), BCE 30 min, BRZ: LJZEN, L
THWRFHUEACT UE, FEWIUEW 30 mL, JEWA .
222 LAERHAFHMNE

WZHL 40.0 mL _EIRIE T 50 mL A7 ZE L@ R, Bk
B 0.00, 0.05. 0.10, 0.15. 0.20, 0.40. 0.60. 0.80. 1.00.
1.50,2.00.2.50 mL V. A8 B AR bR AESE I (FH 24 T 0.0,0.25,
0.5,0.75, 1.0, 2.0, 3.0, 4.0, 5.0, 7.5, 10.0, 12.5 ugNOy),
S3HE T 50 mL A AT P TARMER 5 IR 43
A 2 mL 4 /L WS FIRMIRIE R, 115, #E 3~5 min
JEE A1 mL 2 g/L 322 W, MUKEZE, 1’
5], #E 15 min, A 1 om LA, DIERERWES, THEK
538 nm ARG, bR b, Bt as .

3 HRED

301 HEFRBIEN

« M x1000
mxhXIOOO
Vo

A

X—ifHE H MRS PR 41 1 & 1t/ (mg/kg);

m, —0 5 ARV R TR R B 1 BT i/ g

1000—%% 3 2 5;

m —RRE B /g

Vv — U E FARE IR A /mL;

Vo — IR FEAL PR B AR /mL
3.2 THEERIKIESH
321 X RE R AR 3 R E R R

SEAA BRI, 430 B TR D A U R R AN A
KA LT 74543

(1) BEEM ua() ;

(2) RS AR R AT E BE u(m);

(3) AR LA SO B T 51 A B4R X A AN 96 2
u.(nm);

(4) AHBRAR AR HEVE A B 5 | AP AE X B A1 2
u:(c);

(5) BN EARFS | A BIAXS AR AT E BE udV o);

(6) ME FFEBUATS | A BIAIR R EATRE BE u(V);

(7) I 5E FAREIR A R AN A9 A ul(Co)o
322 WAGHREHFK. TERE. T EMEREGHE

() AHzZz—mTRF, 0~220 g, K 0.1 mg, K
AR 25+0.0005 g;

(2) AT WA, B B 340~900 nm,
U=0.32 nm, k=2;

(3) W AHFRAR 2 FhrER W, 998 mg/L, U=7 mg/L,
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k=2;

(4) W AR 1000 pL, £1.0 %;

(5) &4, 200 mL, £0.15 mL;

(6) ZIE, 50 mL, £0.100 mL.

(7) HZE @A, 50 mL, £0.40 mL
33 THEESENENK
33.1 S RAEENE AR T A2 AL

PR RS RR R ST 6 YRR A, D A
W9 1.02, 1.02, 1.02, 1.00, 1.02, 1.00 mg/kg, FI{E N
1.0 mg/kg, FI DU ZEIR A =CIHA By Bt (W br AR 25 4

(x; — %)

s(x) = "71 =0.010 mg/kg
n —

SIS BR AT R B
—_S(X) _0.010 mg/kg

N N
V- SI(EL R AE X s THEAS B 5 B2

M:x

=0.0041 mg/kg

0.0041 mg/kg ~0.0041
1.0 mg/kg

332 AREREIIAMATE T ZE u(m)

FREEAE ST BCE R i m =10.0030 g, BRI EE
0 gsm<50 g B, MWK EIESFHE TR RENR
+0.0005 g, AT AL k=3

,_ & 0.0005 g
k 3
T4, FREER A m HIXE bR R a2 U, (M)
up (m) =L = 2009298 _ 500029
m  10.0030 g

333 RSN oK A BT T I NGRS AR S H R u(nm)

FEMAE 538 nm P TR, B Btk 1K (340~900) nm,
HRARAL RS 6 E TE 5 P 45t U=0.32 nm, k=2;7] LAiH455 HZAY
WAHEE u

ua(x) =

=0.00029 g

U 0.32nm
" =
IR 2 AL B PR AN € BE ug(nm)
Ur(nm) _u_ 0.16 nm
nm 538 nm
3.3.4 B AHBARARAE LR 5| A AR T AR R A uy(c)
(1) EAHERALES AR TR B AR R AR AN E HE uy(C)
MRS PR B TR I, MR 998 mg/L, PRUEIR K
VEF R EE U=7 me/L, k=2; bR A
EEuh

=0.16 nm

=0.00030

= ! n;g/L =3.2 mg/L

TR JEE AR A AR IEAN A E BE ui()h
u
C

U

Uu=—

k

VA ER AR AR T T
uy(c)=

32 mg/L - 0.0032

998 mg/L

(2) FRUEVE BORG FE L AR 5 AR AR bR v AN 2

OB B AETRI PR AT E B uy(v)

1000 pL FEW AR EUE P24 H 22 M+1.0%, BsEH
FEB Y BT 00 A k=3, W U R B0 4 o O 80 i
UI(V/) _a_ 0.01 mL
k V3

WL ST RIS 8 B Bl 0 o A R ME B RRL
20 °C, SEH0EE AR AR HIAE(20+5) °Co KWK R4
N 2.0x107% °C™!, BRI K FR H00T Z s AR T I BUA D
0.668 mL. fRIHATAIIEI M k=3 .

T BE AR AN E Ny

=0.0058 mL

4
0.668x2.1x10 x5

NG
AR 2 R EE u (") =)+ i)

=4/0.00587 +0.00041> =0.0058 mL

R AR bR A o

w (") _0.0058 mL —0.0087
v 0.668 mL

QFEERAABUAREA T E L uy(v)

200 mL #RIA EUEAR 45 H A2 22+0.15 mL ', %%
HABWSI0AT k=3, B LR B b5 e 0 2 R
UZ(V/): 0.15 mL

NE)

TRBE ST PN B 8 B B o A AR M B R R
20 °C, SEHE AR TR R HITE(205) °C. KK R4
H 21107 °C7', BEES I K R 0T 2 AR IR AL B
BARL 200 mL, BT SIS0 k=3, I kn
AN B N

u (v = =0.00041 mL

UI(V):

=0.087 mL

-4
200x2.1x10 x5
NE)

B R 2 FAHERE u, v = Jui ) +udv)

u, (V= —0.12 mL

=+0.0872 +0.122 =0.15 mL

u, (V') 0.15 mL
v/ 200 mL

AH X AR HE R B0 BE N uy(v) =
=0.00075

(3) BLALE 3 AT Rt A A, THA AR R
5L BRIAR X AR A 22

0, (C) = YU (C) + U2 (V) + U3 (V)
=+0.00322 +0.0087% +0.00075% = 0.029
3.3.5 KA B R EARATI NA AR AT R R AL U(Vo)
(1) BHESIABIATEE: 200ml BEIRRAEIES S
I f22520.15 mL, RS0 k=3, K
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F10 &

e AR B2 ul(v0)=0'15TmL

(2) IRESIAWIAHERE: SRS 2 R R BRI R
20 °C, SLIGE AR IR B FE T 72 (20+5) °Co KB IK R %L
N 2.1x107 °C!, BEESA IS IK R BT 2 AT, kAL R
W AT 200 mL. B HAT A0 k=3 , IR AR
TR 2 3R

=0.087 mL ,

1y (vg) = 200x2.1x107* x5
NE)
)AL 3k 2 WA 2 B o, R AL PRV B AR Y
PR 2 B u(vo)
U(Vp) = U7 (Vo) +U3 (Vo) = V0.087%+0.12% =0.15 mL
(4)IR R AL BT VA AR EAS B R R
uCvy) 0.15 mL
Vo 200 mL
3.3.6 M EJHRARAR | A GG AART AR TR ul(v))
(1) KHESI ABIARHERE: 50 mL ZIBEEWAT, RAEE
T 0 A2 2£+0.100 mL, BTG50 k=3 , 1
WP TR ME R B (v )= ‘”‘%mL
(2) IRESIABIATGERE: B 1S 5 28 15 eI TR Tl
20 °C, FLBo % AAF AL T 16 (20+5) °C. KK R 5L
N 2.x107* °C™!, BEES Ak FR H00T Z s AR I R
AR 40 mL. RSEHATEI5I00 k=3 , I RIbRIE
Nk

=0.12 mL

=0.00075

ur(VO):

=0.058 mL

Uy () = 40x2.1x107* x5
NE)
(3) G A bR 2 BN E R4y t, W R AR
FRUEASTE B u(vy)

=0.024 mL

u(Vy)=yuf (Vi) +u3 (V) = 0.0587 +0.024% =0.063 mL
(4) REELLFRBAATR V (A SR AEAR B 5 B N
u (vp _0.063 mL
\4 40 mL
337 R ZFGEIAATAE s KT A 6 R ul(Co)

ol 12 ~¥REER 0, 0.25, 0.5, 0.75, 1.0, 2.0, 3.0,
4.0, 5.0, 7.5, 10.0, 12.5 pg WASERANARMAIR, M40
SR 2 vk, ASBIAHR OB, M/ TRk,
SR FL i A=aC+b(b S REH, a ARFR)FIHA R 5 r,
1.

/N R Bl AT e MR, 15 21 0 A 19 3k 9 o R
LN A=0.0218C+0.0004, I REL r*=0.9998, A
XA 0 S R B 6 IR, FE R BT Co N 2.046 pg,

H5HIA TAEMZR AT E R u(Co) T
CARZE AT BT R R 2 BE I PEA R R ) A5

u(vy)= =0.0016

1 LHERWNARERRRERRAELER
Table 1 Standard solution concentration of sodium nitrite and
Absorption value results

Co/ng A Ay
0 0.004 0.004
0.25 0.008 0.008
0.50 0.014 0.016
0.75 0.020 0.021
1.00 0.025 0.025
2.00 0.049 0.050
3.00 0.069 0.070
4.00 0.094 0.095
5.00 0.117 0.118
7.50 0.169 0.170
10.0 0.220 0.220
12.5 0.275 0.275

2

Ji[%\(maco]
T | —

=A4li=l —

mn-2

2

_Sk l+%+n(007c)

P > (¢ -T)?
i1

i

U(Co)—BL A i 28 A AT o E

Sr—1ML A i 25k 22 bt i 22

a— A 2R, 0.0218;

b—HlA i A#E, 0.0004;

p—I A A BB, p=1;

n—IM R AR R 4K, n=12;

m—I AR VRV TR B, m=2;

Co— R I T MR B, €0=2.046 pg;

C —AN[FAR AR 391, T =1.94 pg;

Ci—55 1 YChR VA WOk 1

A= VA R e 0 5 L

LA FRE I 25 A A 2

u(Cy) 0.061
u(Co)= i:OO) " 2.046 ii =0030

34 ABFRVETRFAZEE udy)

S50 o LR R Y R R A ) 4SS AN A G
ML 2,

B LA AT RR AN 2 B

\/uf\ (x)+uf (m)+u?(nm)+u?(C)

uc(y):X>< +Ur2(V0)+ur2(Vl)+ur2(C0)
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Table 2 Summary of the uncertainty components

Sl i ﬁf EME@

AWERE  AWERE

AR BT m 10.0030 g 0.00029 g 0.000029
AT AT 538 nm 0.16 nm 0.0003
FrRUER K C 998 mg/L 3.2 mg/L 0.029

T AL SR SAT Vo 200 mL 0.15 mL 0.00075
W E AR v, 40 mL 0.063 mL 0.0016
FRfEf LA my 2046 pg  0.061 pg 0.03

0.0041% +0.0000297 + 0.00030% +0.029>
=1.0 mg/kg x N
+0.00075" +0.0016% +0.030?

=1.0 mg/kgx0.042=0.042 mg/kg
35 ¥RIAHBEE U

BER AR 95 %, BUEL AT k=21, W25
RO A & B

Urel=2xu(y) =2x0.042=0.084 mg/kg.

3.6 ZERIRE
ZAS TR ERE A AR 1.0 mg/ke, IS
AR F R Y=(1.0£0.1) mg/kg, k=2,

4 &

W AR E BT, R GB 5009.33-2016 25 ik
W LA T RS AR R o i, IS 45 SR A AN 8 S R Bk IR
M FEBNRARVEBRAE LA . AR TR ECH] . e
SR 52 P RN S8 FREVRARRR, BP9 | A R B E J 0 ik
TURRAS K o DA SE PG I T A rh, i aed 38 b v T AR
BRI 52 KK, — B0 A 2 VR - 45 R, f FFDRS JE os A
A, R A GCBEIALER, BT TRE I E L,
WEREAMARFEDH 6 K, WIS HTEIRME, FR RNy
T SR A, DT PR TR S, SR A o T
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