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Evaluation of the measurement uncertainty of vitamin K, content in milk
power by high performance liquid chromatography
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ABSTRACT: Objective To evaluate the measurement uncertainty of vitamin K; content in milk power by high
performance liquid chromatography (HPLC). Methods The process of determination of vitamin K, in milk powder
by high performance liquid chromatography was analyzed and quantified. Uncertainty analysis of reference materials,
sample preparation, measurement repeatability, and analytical instruments were conducted. A mathematical model
was established and the extended uncertainty of the measurement result was calculated by detecting the milk powder
sample. Results The expanded uncertainty of vitamin K; content was 1.68 ug/100 g. The content of vitamin K; in
milk power was (65.5£1.68) ng/100 g. Conclusions In the process of measuring vitamin K, content, the uncertainty
caused by the least squares fitting curve has the greatest influence in the method. That is, the concentration value
involved in the standard solution curve is the main factor affecting the measurement uncertainty. Therefore, it should
be controlled during sample measurement to improve the reliability of the test results and enhance the comparability
between the measurement results.
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AN I e 235 T R (R b o ASBA A DN, I 45
S ) AR, B, I KR, HAE
(B, ANHR S R, T 2 S A AR, 0 K
ARAR, HAE A A . AN BE (0 /N AT LS ]
et SIO IR =15 | D B /e TS | et 31 S vt S VA 4 )
FEIN AN B, bR 22 2o B FR AR AN 2 B,
B KU X ) 2 5 B R iR A S A et~

HerEE Ky MIRIETEE AR, 2 IS EE I IR Y
WATEYIITE, 20 R AR I BRSO I R
Bz b, M R sE e M BLR SR, X, #AE R g
A K AT P A 0 R, RS Ak i A D)
H, diAR Ky AMUE B 7S 5 1 E G ke im
FI. VIL, XI. X, HABIEIELF 228 s A8 W4 i B
L 1 M2 £ 24 2R BRGS0 i 0 Sh R 3 i ) B
BEIMIR SRR L WA 5K 1, 5 IR X e TR 1) 2R A B
S8R BELRE A T U OO DR O v A O 7 R S 0 4 e R
K WIS IR EREE,

Harie 4k 2 Ky 197 34 & 80RO 61572 (high
performance liquid chromatography, HPLC), &AH {fii%- 525k
i, SAHGRE-FRE: . GB 5009.158-2016 £/ P4/l
2Ky A e e R A T 2R AL AL R
XY R K S A E ik, e mOROR €6 R R
ORI TR . (IR (- SR I BT . A -5
TG I A g, ANIE G R BRI A, X TR ROR
ERERIMELEER K, WTFRRERTK, 559
EE T, TR AR

ABFFEARIE TIF 1059.1-2012 € IR0 1 5 158 A
Ay UL St s 3 Bk AT TS BE PR, WS IR A
AW E AT T BRI, B T AR S S
ST EE R AR, DAY ARG I 45 SR A B R e S R B A,
P A A A AT SE VAR R 2 1R e

2 MHERE

2.1 RFIFLEE
2.1.1 &K A

PREYIBT: AR R K ARUESR (ZERE>99%, E Sigma
ANGINE

B TR CEE . AR (g, Jaib L)), Bk
FRBR . IEC k. WKOBR. FALEE. IRl . A b, B
fig S (AT el) . JooK S IREN (I 2l (FE 25 R 4R F);

FBE(fa ik 4l, 3EE Fisher A H])o
212 B B

U-3000 1= 280 HH (1% {) (3 [ Thermo Fisher A ]); AQ
Cig FUM A (250 mm=4.6 mm, 5 pm)( H A4 320 1) o
22 ZWHE
22,1 WA EFG

PRI 2.0 g(KHf %] 0.0001 g)FLAMAF AL T 150 mL HEE =
. A 7 mL By 50 ° CEA 4K, FEATEAIGSR, A
5 mL BEERERZE MR, TRAT, A 0.2 g RIS, TR G & T
(372) °CHHIRK IR PR 2 h DAL, il e o mfet )
B B AT 3R, 0 10 mL JCK 2B RA R 1 g BRIR
B, IRAIE A 10 mL IE e 10 mL /K, iR e sk PR PR E
10 min, 6000 r/min &[> 5 min, ¥ _FIEKZE 100 mL HeEzE
K, FEMA 10 mL IE ke, EREE—K, 49 LERE
WG ZE R . g R IE OB BURE R T, FARWR
T, A 5 mL HEE #7257, 0.22 pm JERTE, MERARIERED)
222 EEEMN

Z7% GB 5009.158-2016 & fh 44 & K, 19I0E i
.
223 RFRR o R KRR

1) B

P XV xV3x100
© mx ¥, x1000

b XA AR R K 5, pg/100 g;

p—HIARHE I AR B FEAOP AR R K TR,
BN s B 2 T (ng/mL);

Vl—%ﬁliﬁ,éﬂi F, mL;

V3*%Z§WE1¢*H, mL;

100—$ 45 R B png/g B0 ng/100 g I R 2K

m—iEE R, g;

Vo—or WU SR BUR AL (B 4 L& SR EL S Vi=10),
A7 mL;

1000— K¢ B 337 1 ng/mL 350 png/mL A9BSR 50

2) AN E BE R A
B bt 5 LA BORR VA 52 JEE, u(c);
FERARFRG | A BIAREATHEE, u(v);
FE L TR LA RIBRUEAS B8 22 BE, u(m);
FRERT 25| A RIPR AT & BE, u(q);
IUZRBIARIBRUEHE L, u(s);
B A T RS A RIAREAST E T, u(r) ;

3 HER5HH

3.1 tRERSIABRESRTHERE ue)
3.1.1  ARBIERARIE T NG RH B u(c0)
1) FRUETAERAE 100 mL AEHER, HE AN

908 eeoo
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B dn 2 4 R R I A 4R

F10 &

TRZEHE0.10, 5= fA0AE, R RAAXAREAT R
urel(ca)=0.1//6 /100=4.08x107,

2) bRl TARMRBCHI AR R T 1 mL 2R,
HAR K Ao PR 22 7+0.008, #i =14, 1 mL 2 ERRE
PR AET R A TR AN 2 A

urel(cb)=0.008/~/6 /1=3.27x1073,

3) BEEERSELE 20 CCHATRE, ARSEH = M EE —
H(205) °C, L I Bh 5 A AN S R R s A A
W B AR K R BT, R IK R B80T = T 3%
A REL, FTLABES A AK R 50T 20 . bR T ARG
FHFREERR BRI, 1 mL ARSI B, 2455 100 mL
R, BEMKREC 1.2x107 °C™, H bR EAR
W FE I, IR AL AT A0, k=3 o X RLE R
X AR AN 2

Ur(ce)=10x5x1.2x10-3/+/3 /10=3.46x107>
1ri(cd)=100x5x1.2x10-3/+/3 /100=3.46x107

HFRUE TAER S AR A BAHRT AR A 2 Bk

UCHA(C0)= i1 ()P + tyer (@) + ey (€0 st () =5-90%107°
3.1.2 AR SRR E RS 69 AR A T u(cl)

RSB IE SRR K fniEdh, RS
KHEE T, HA BAHE R U=0.5%, & HF k=2, HAH
Xt A AN A

urel(c1)=0.005/2=2.5x10"
HARE S 5 A BB B X FR AN E B R

Upel (CO )2 + ure/(cl  =6.41x1 073

3.2 H@REFSIANRERREE uv)
i AT R R AGET R, I B A 25 R N 1
Fef, AT S mL A EBRAE, HE K AR }+0.025,
e =4, 5 mL 4 BERS W DA X R EAS B R B :
1rt(v1)=0.025/~/6 /5=2.04x107>
PSR EAE 20 CCHATICIE, ARSLE % B TR — N

ucrel(c)=

(20£5) °C, FH IR 351 B AN 2 B vl A A R T
FELFI AT i 22 RO A T 08, A I ik 22 B0 s T 30
MR R A, BT AT B D Ik AR ART 2 T PR A R
e, A 5 mL FEBREBW, FENEKREN
1.2x10-3 °C™', THHbRAEATEE BEI, (B L AR 1k 4
A, B k=3 o JCAIGH AR AN E B M
urel(v2)=5x5x1.2x10-3//3 /5=3.46x10"
FLRE S ARFE AR G A BR AT 2 A
urel(V)= Ju, () + g (v =4.02x107°
33 HERESIANNFERHEE u(m)

8 743 2 — RSEFRER 2.0000 g 46 5h, MR PEHRE0H
B F R EASHEIE R, HY JRAHEE U=0.5 mg, B&H
T k=2 HARXSARAEA T A

urel(m)=0.5/2/2/1000=1.25x10~"
34 tRERMZSIANRERREE u(q)

i B 43514 0.01.,0.019.,0.038.,0.095.0.190
0.380 pg/mL AYZEAE 2 K, Arife TAERRZR, AR Bk B
IR, MmN 3Rk A A v VTR Ak -0 T R 4%,
T o i 2R B DL 3% 1

KUEREZR N A =be+a
e A X TR FHRRMETR W o BRI TR L

c— G HE AR W B, pg/mL;

a—

b—FEHR

B | WEIETTHA S LR . IR R EAn T

n

Yle-ex4-4)]
R

> -y

i=1
FREF: a=A-b T =2594.547-21078.9951x0.12192=24.59592
IR B

=21078.9951

F1 RNZFEMSIERRRERE-EERML

Table 1 Least squares fitting standard solution mass concentration-Peak area curve

A= c(pg/mL) A T (c—T) A-A (4-AY’ (c—T) (4-A) (A-A)
1 0.010 276.32 -0.11242 0.01263 -2318.2 5374174, 260.6073144 3255.03
2 0.019 441.57 -0.10292 0.01059 -2152.9 4635308. 221.5771819 476.936
3 0.038 777.89 —0.08392 0.00704 -1816.6 3300241. 152.4477719 1829.20
4 0.095 1998.9 -0.02692 0.00072 —595.65 354794.9 16.03282278 602.388
5 0.190 4026.7 0.068083 0.00463 1432.15 2051063. 97.50577278 1.91598
6 0.380 8045.9 0.28083 0.06660 5451.35 29717253 1406.903439 72.8398
A =21101.4799¢+18.803009 7=0.99994

b=21078.9951, a=24.5489174
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Se-axa-1)]
i=1

[T

_ 2155.074303
1/0.102238 x 45432836.14
F SRS oR A HE 2 A
A =bc+a=21078.9951¢+24.5959
XHBAREREAT 2 K (m=2) AT E, ZRANZE 2w,
THEN U TEFR A FIF- AR ¢

AFW =5551.893

=0.99993

Co1=

- AOlb_a =0.261711 pg/mL

Ay —2

=0.262829 pg/mL

Co2=

= CO'*% ~0.26227 pug/mL

HH AT fie /s Rk A R R T L AT
WL ¢ PN HIAR AN 5 20 Bt w(q):

N 1 & .
BlH B br UE W 2 s ,n— (A-A)? =
T =l
S ! 5 % 6238.326 =39.4915371

(5551.893-2594.5)°
21078.995112 6 21078.9951% x0.102238
=0.00174 pg/mL

A n=6--- B K H ;
m=2--- W3R4T K
FHIEWE 2 W, SRR UEATHE N urel(q)=
u(q) _ 0.00174
o 026227

39.4915371\/1 1

=0.663%

F2 MPMHAHEEITUESER

Table 2 Parallel measurement results of milk powder samples

FATHE U TR FR W /(ug/mL) TR/ (ug/100 g)
FE1 5540.11 0.262 65.41377
FE2 5563.67 0.263 65.69291

3.5 UEESIANWIRERHEE u(s)

Rt 5 280 A €8 35 A S TE AR AR5 R,
BB 5 U XS R A E FE U=0.1%, 35 B
T k=2, FARXSARUEAHE BNy

urel(s1)=0.001/2=5x10"*
3.6 HMNEEEMSINNINERHEE u®)
Xif Al —HE R LR FE P iR K i T — R AIEAT

s (11 -4y’ e e A e o
u(@)=s(co) ;+;+(ﬂo—) I, RABAT 7 Bt 10 SR BERLAE 1L, 3% 3 Sl E AR [
b (c-e)* HEUHE S AR R K A I SR, FURRR G A

=l TE 10U, SR 3.
®3 EEHH 10 RPNIRER
Table 3 Experimental results of 10 times repeated injection
I UK 1 2 3 4 5 6 7 8 9 10 FHIE
${E/(ng/100g) 65.4 65.7 66 63 64.7 64.9 63.6 64.9 63.2 60.6 64.2

I L AT A AR AT, PSS AR« SERE R
WEATEE u(7 R AEENFRERZE s(X)ERME. TTH
U

n _
Z(Vn_r)
i=1

a1 1630269235

u(r)=s(X )= " 7o =0.515536
A X B VS B G2 JE R wrel(r)= 0.3005365/64.2=

8.03x107°
3.7 EREMTRESRTHERE
FLHr iR E K AR RS E B R IR BN 4.

R4 AHH K WETIRENTEERFCE
Table 4 Summary of sources of relative standard uncertainty
for K; in milk powder

hac ESl 5 AR AR A 2 JiE
1 FRiE u(c) 6.41x107°
2 FE & e 2R u(v) 4.02x107
3 FE b T u(m) 1.25x107*
4 T o ffT 26 u(q) 0.00663
5 (& u(s) 5x107
6 pUE =R u(r) 8.03x107°




7410 B ah % 4 B R I A i %1045
FRAGHTAZR, A3 8UR AR QR AL T K, (6] UL, BIESE, RS, 5. 2 R RO - i
[y AN S B BRI ML P e 2K SR R I 245, 2018, 36(6):
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B & T k=2, XN EEKE p=95%Hf, U =

kxuc(x)=2%0.84=1.68 nug/100 g

4 LSt

WikskEAh o VK, & X=65.5 1ug/100 g, U=1.68 pug/100 g,

(BERF k=2), BN E B EERIE N X=(65.5+
1.68) nug/100 g, (k=2), Wi HHT5 Ak SR AR G 2l
EWH YA R K BSERT R, MR EYI T . RS ETAL
B A e A AT AN A TS S S A A, R

WA,

NIRRT W27 A BN E TR TR
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