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Uncertainty evaluation for the determination of folic acid in milk powder by
microbiological methods
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ABSTRACT: Objective To evaluate the uncertainty for the determination of folic acid in milk powder by
microbiological methods. Methods The folic acid content in infant formula milk powder was determined by
microbial method according to GB 5009.211—2014 National food safety standard-Determination of folic acid in
foods. According to the requirements of CNAS-CL01-G003: 2019, GB/Z 22553—2010 and JJF 1059.1—2012, the
factors influencing the test results in the analysis and determination process mainly included measurement
repeatability, sample pretreatment (weighing and dilution), reference materials, standard solution preparation
(weighing and dilution), experimental temperature, standard curve fitting and UV spectrophotometer, through the
analysis and evaluation of each uncertainty component, the standard uncertainty of measurement results of folic acid
content in the tested sample was calculated and synthesized, and the expanded uncertainty was obtained. Results
The content of folic acid in infant formula milk powder was (80.2+4.28) ug/100 g, k=2. Conclusion Microbial
factors have significant influence on measurement uncertainty, which is reflected by standard curve fitting and
repeated measurement.
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MR (folic acid) X 44 WEBE A ElR, | iZ HAF7E T3
Pkl L BRI BESR, R—Rhig s il L
JEAE R Pkt & o F | . HRA P RA Z A7
e, HAR RIS Pt Mm% 2 R R 2 2K
R 3 Fhdior G, KRERREANMTREZR AR
i 75 W 0 2 1 - Wi a s W ) o R T2 S S )
1E B 21 40 M A9 T Bt AT e B 7 ST, e = st T ko2 4n
00T A A oo 1 A o = I < E R 2 2 S e =S EA 1
P,

HEr, &8P o il sk EEAMEL
G 8E 57 FIRE e A -8 o 0B €33 - F R B ok | R IR R
SHEAR . AT UL g . LR . M ik L [
A B0 AR i v L B Bk b IR 2 P T R
WA G Z RS A G B AR T, REER, —H
2B EHE 204k 2 K 16 £ (Association of Official
Analytical Chemists, AOACi 77 ik, 2Rk, HES%
B A B AT 5 U SR T B A R S P,
YRR S AR, BRAENRRZ, MIEEERE
PR R RE 7, PR UE A A 9 0 U LR e v R T AR Y
ST AR, ARUFFE A CANS-GLOS: 2011 (Il HAR
5 B SR  SE 45 R )1 CNAS-CL01-G003: 2019¢ ]
AN B R ) VR, i B S 2 K AR E GB
5009.211—2014 {1 5% 2 FE R bR 25 iR 5y
SE ) WSHHILAE By 7 3 L BE 5 £ R S R A T,
A JIF 1059.1—2012 I AN 2 18 5 Fom £ R
5 ) U GB/Z 22553—2010  FIFEE M. FEBUMERIE
B B AR A (DA I S S B R A g ) Ik s 1o

S MRVAG 50 25 B 25 A A R EA AT L PEAR, A O B
B, TFEYRAHE R, R RAEFLR oo R
Frabya fEl, DS A E E e A IR SR, A
PR 5 AR R R E A PR L R A B M (.

1 MR5ERE

1.1 MR5RF

AR R E AR B2LE )7 I (QC-1P-705,
AR B R FFois)

BERh: ERAHFUAT A (Lactobacillus Casdl spp. rhamnosus)
(& E BRI AR TR 0> ATCC 7469)

FrufEdh: MHER(BRUEM, ZHE 99.5%, #it5: 1-F-30C,
2 H RALHFIE N .

REFRRE R 2R BB RS 190712),
FLRRFT B B B FR R (S 200323) BRI 2 P 15 97 2
(#t'5: 200326)( AL BRI AE M HARF R A H) .

1.2 UFE5E%

i FE AU B (HVA-85)( H A HIRAYAMA 24 A)); 18
TR EEFRFE(NES00) (12 E MEMMERT ), B F40Hr kK-
(BP221S, #JE 0.0001 mg)(JbIHe 2 Rl =AU A A
Al); B RIE(PL601-L, FEE 0.01 mg)(Fit: MettlerTodedo
o), AT WSS LB T (Cary60) (36 L HER 20 ) o
1.3 LWHE
1.3.1 ARk el 4l &

% GB 5009.211—2014 FRifEHS 3.5 J5 SRR
1.3.2 KA 4 e ) &

B 14 R 2L I (ATCC 7469)i5 1L . BL 2 mL MR
FRUETAEWR(0.200 ng/mL)*5 4 mL H-ERINE 332 00R 5,
R R 2 LTRERE P, HIE, 121 °C HHEKE 15 min J&7
B R AhFRE SR W HR R IR I L A B AR e Fh 2
2 TR FEFR P, 37 °C ¥ 9% 24 he BUREIRAIEL 0.5 mL
BERPF 53 2 SRR E FHER SRR, 37 °C H53% 6 h, TRATRD
ok
14 RAELEBSNE
1.4.1 RAELE

PREL—E R ke, A 100 mL 4EFEHAF, A 80 mL
AN Z I (0.01 mol/L), HLI9E, #S 4 h, TIKES
B, MR, ML ERHE R 0.36 ng/mL.

1.42 XA E

1% GB 5009.211—2014 6.4~6.7 FHK, 45 hRik R
S R RSN . KA. BER . BR IR
1.5 flFnErhsk

LIRS R 51 R 5 ik (ng) WA 4445(0.00, 0.05, 0.10,,
0.20, 0.30, 0.40. 0.50, 0.60. 0.80. 1.00 ng), & i
& OD 550 nm WOCRESME A AL DR, LxilbriEihz
1.6 AHEBHEBRRPHEREITE

AT T i 2 25 A5 R 48 v I 1R O AH B 5 £ (Cy), TR0
T BB R M A LR (1),

C=7X )

KA o BRI R, ng/mL; Cx: MARHERTZE
FA AR IR RN PR 5, ng; Ve Tl AR R A IS
W A i B BV AR, mL
1.7 AHEFTHBRESETE
WA PR & i GB 5009.211—2014 F5 it
6.8.2 ita, WAF(Q2).
X = cxVxf xﬂ @)
m 1000
2o, X AR ER S, ng/100 g; C: iXEERR BRI MR
e FESE-IIME, ng/mL; V: RAEIREUR E B, mL; f: ikE
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PERCEFG B EG milEE R i, g %: HH ng/g #5 N

ng/100 g KIEHL,
2 HR5SH

2.1 THAEEKIESH

H 4 CNAS-CLO1-G003:2019 223K, 44 RB/T 151—2016
CB A IR s ARG B U ANt 2 P TR g ) UL JUF
1059.1—2012 43 #7, AR P kil 2 iR 5 i, 7200 20 72
MR IG5 R R RGN R E R . Rk 2
(PR . TR . ARiEY T (MR i i, Z0E 99.5%) . FrifE
PRTCH (PR . ) . SEOim s . BIatriEh 4k . (U
(AN . PRI, R BE I A S R X AT
16[1972210
2.2 MEFTHZEE TG
221 MEEFEMBIIAG AT

TN ENATEERET A BAHEED, %
8 GB 5009.211—2014 X & {E#F 5 A B2 & 1t 1T 10 P
TTE, 4550 1.

KR VR AR, A LR, WWX3).

S= \/Zin-l(xi _ 2)2 = \/Zil?l()(i _80'89)2 =0.9054, (3)
n_1 10-1
fie GB 5009.211—2014, Kl 45 FE 2 A~ FAT45 57

g, WA 2 YIRS AR E HEH ().
s 09054

u(x):T_ 5 =0.6403 , )
n
X R E R, WK (5).

u :@*w:7.92x10_30 5)

©l(X) "% T 80.89
222 RBAAIE TN A
(LyilREFR I 5 | A AN E S
RS I A BT E R B A0 PR b ife
AWER . JHHFRP-CREE R 0.0001 mg) HERHFRIBU: i

0.5009 g, R 500.9 mg, MR PAEiESs, mAREEHiRE
a,=0.0002 mg, 24 0<m<100 g i}, 7R{HE% 8=0.0007 mg.
KM, WEHT kKRB, R 6).

u = 2000024 15 104 me;

k3

a,  0.0007 4
Uy =2 - =4.04x10"" mg. 6
== 5 g (6)

B HAREAE L, WX (7).

u(ml)=\/u12+u22=\/(1.15><10_4)2+(4.04><10-4)2 -
=42x1074,
TAREFR L B AR XS AR A B E B, TLE(8),
u 42x107*
et (M) = (nT)_ 500.9
QRFEFR RS | A MA E
AT IR R AR P 20 I3 T 10 mL B
100 mL ZFEi, M4 JIG 646—2006 ( Bk #1
) B JIG 1962006 DY B4 HLAG s ML ) 31
GB/T 12806—2011 (SR EBEHE (UM PAbRL 7 R ) O
AIANRE W A A O ) e K e 28, $&ATR i ib 38,
BT kA3, TR RS WK (9) . HX AR A
FERE WL (10). A TN PR FR R RS M AR A B B 2% L5 A
AT 22 B L3R 2.

=8.38x107, ®)

u(vai) = % ©)
Urel (Vai ) = U(vai) (10)

ai

FERES AR RS AR, ] 100 mL 254K 11K, 10 mL

MW A 10 mL 2 1k, 2 BRTiR, TH5AE T B A
g LA A XS AR AEAN B 2 B L (1)

Urel (Va) = \/(uvloo)z + 2(uv10)2 = 8.24X10_4o (1 1)

G)RESRTAL RS | AR K E R
FESRTAL BEE A B A 22 BE B A B ER(12)

®1 EEHREER B, FITMNKER

Table 1 Parallel test results of vitamin By, in constant value samples

W2 VR 1 2 3 4

6 7 8 9 10 ¥

25 /(ug/100g)  80.11  79.32 81.59 81.38 79.56

82.11 81.37 81.15 80.95 81.39 80.89

®2 HRITAEIESBIRFNRERLSIANTHERE

Table 2 Uncertainty introduced by pipette and glassware during sample pretreatment

TR L5 7 WA BRI SE R IR IRAATR v, AHEE U(Vai) AARSBRIEATE E Urea(Vai)
100 mL FAREL AR A 22 +0.02 mL 100 mL 0.01155 Uyaso =1.15x1074
10 mL B #% 10 mL 55 s £1.0% 10 mL 0.00577 Uyro =5.77x1074
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Urel(s) = \/Urel (my )2 +Urgl (Va)2

(12)
=\/(8.38x10*7)2 +(8.24><1o*“)2 =824x107%,
223 AFAEMFEING T
M YE R bR S UL, A p=(99+0.1)%, #% B
FNHfE BEPEE, XEIRAESERE R 0.001, &IN50, B
TRT R B, MERAESL ST A R A E R W (13).

urcl(p):%:5.77x10_4o (13)

224 AFBBERELE TN TR
(DOFRUESFR S A A & i
PR SR B 5 A ANE 2 B e B AN e P,
B KOF CKEE S 0.001 mg) #E iR R B B8 b5 1E S
m,=20.005 mg, MHHERTFKEUEA, 2 0.00l<m<10 g i},
AMETRZE 2=0.001 mg, AR KPERZE 8,=0.003 mg. K
HEFEAM, SBT3, FREARHER R (14), (15).

a 0.0l o

u =2 =200 5 77x1074, 14

Tk B (1

U =2 0003 050073, (15)
k 3

A BB EAS 2 BE LK (16)

u(my) = \/(1.73x10*3)2 +(5.77x10*‘)2 =1.82x107, (16)
P it ek T R XA TS A o L (17).
u(my) _ 1.82x1073
m, 20.005
(2P VA TR T T 2ok 2 A R 1 | A AN
FrUfE e AR 4 A T 1 mL B 1000
100.5 mL Z5EH MRS TIG 646—2006¢ BB #Ae: 2 MUAE ).

=0.10x 10, D

Ure] (mz) =

JJG 1962006 € # A& B € M ). GBT
12806—2011 { S50 % AL AR HAARLR A 5 i) AT HIBS WA
RO IR fe 22, BUEIE A0, B v v i e ol A
LIS AR ARSI #8 5 | A PAS B J L% 3.

TEFMIERS IR R B R b, T 1000 mL EH 2 1K,
i/ 100 mL 2580 1k, A S mL & 11K, 1 mL &
WASFEI 1 mL 3 ¥R, 8 B, THEbR s e H R
5L BA X AR A 22 B LR (18)

Ure] (Vcal) = \/2(uv1000)2 + (uleO)2 + (uv5 )2 + 3(uvl)2 (18)

=2.52%1073,
GOPRMEE BRI H 5 IR A E B4
FRUEAIE S ARSI E BB
Urel (SZ) = \/urel (mZ )2 F Upeg (Vcal)2
:\/(9.10x10_6)2 +(2.52><10_3)2 —252x1073,
F 3T AZ IR TN A R
SEEG IR E AR LA T (20£5) °C, PSRRI A
FRIAG ETE 20 °C 251 T 04T, WA I K 2 B0 K T B 3
B, DR B Y B Ik R B 2 N, Rl IR R g
51 AN S B o R R R AR oA AR A T S 4 68
alik, KAE 20 °C BRI K R 50k 1.80x107° mL/°C, 7%
WAL I A, o N3, TR A AR AN A
W= (20),

(19)

2.2.5

-3
-
22,6 IEATAEW KT NE T E L
W% GB 5009.211—2014 W 6.4.2 75, bRk R4SEL
8 AR O i, B AUE 3 AT, SRR LK 4.

=52x107, (20)

F3 ERRREIETHRBNBEIBRFMSIANIHEE

Table 3 Uncertainty introduced by pipette and glassware during standard solution preparation

PO LS R W IR AVFIRZE A SR IR AN S BE AR AR A 22 i
1000 mL FAFREL A I A 2 +0.02 mL 1000 mL 0.01155 U000 =1.16x107°
100 mL SR A A 2 £0.02 mL 100 mL 0.01155 U100 =1.16x1074
5 mL FAREA R A 9 £0.02 mL 5mL 0.01155 Uys =2.31x107
I mL SR 1| mL K52 £ £0.1% 1 mL 0.000577 Uy =5.77x107*
R4 FOEBZEIR
Table 4 Data for drawing standard curves
W EEE (A)
PR Rt /ng AR b v O 2
e A A A
S1 0.00 0.0000 0.0000 0.0000 0.0000 0.0000
S2 0.05 0.1416 0.1417 0.1415 0.1416 0.0007
3 0.10 0.2752 0.2627 0.2897 0.2733 0.0494




972 R i g Rl R 8124
= 4E)
W6 EE(A)
Bl & g g AR o i 22
A A A A
S4 0.20 0.4434 0.4599 0.4269 0.4356 0.0388
S5 0.30 0.5962 0.5888 0.6068 0.593 0.0158
S6 0.40 0.7217 0.7199 0.7249 0.7204 0.0038
S7 0.50 0.8506 0.8766 0.8238 0.8513 0.0310
S8 0.60 0.9428 0.9436 0.9422 0.9427 0.0008
S9 0.80 1.2220 1.2089 1.2354 1.2217 0.0108
S10 1.00 1.3222 1.2814 1.3607 1.3245 0.0300

DA TR b o it 1) 2 B R AR bR, WO B R N Ak b
PUAPRERRZE . 13RI IH RN Y=1.3181X+0.1309
(a=0.1309, b=1.3181), HRAEH RN E REL m=3x8=24, M|
FrifE R ANV E WO ER 22 bR 22 L (21) .

\/Z?_l[yi—(awxi)]z
m-1
ey —(a+bx) IR &R X B, ARSI A (e S
FiehR e i 2 T A BRSO 251

PRV RO BE I g 4 257 O FL(22) . GRS
PRUEV RO IR % ik, ng; C RN &bl R & i 74y
{8 0.395 ng,

=4.81x1072, 1)

Se=>,(G-C)*=0981. (22)

i Iz M Ze E 1 T B, $ R GB 5009.211—2014 H
6.4 17, B RFNIAAE FomA B FER BRI 4 A0,
BN 3 AT, RIREIUAE S AE 12 K (p=12), 5%
EILIEAE, AR bR M 2 A A5 00 25 R DA T R B
U

e 2 TR HARHE AR M 2R 005 T 5 | A R bR HEAS 1 2
BEWL(23)

=X
H

= o ;
A7) _145%1072, (23)

DU rrtF R R R AU (R AR XS AR MEAS B 2 L2 (24)
iy (C) = it 1.45x1072
C, 05738
227 CEINT AL A 5T I A TR

WA ZE AN AT LG 43 5606 BE TR 28 Tk 5 (77 TR AR A F
R, R TRATEEZ N 0.4%, k=2, W {5047
FIA RS AR 2 B 0 =0(25)

urel(E):#zz,ouoﬂ (25)

=253x107%, (24

23 FAHEEMER. ¥ RMERT
RNV SRR
i b, SRR, MRS R A I R T
ARG AR AN 5 70 LA 6.
LRE S AEE R, A AREAE R, S FLE
HR IR 5 A PR AR AR AN R T L3 (26)

2.3.1

Urel (X)z F Ul (S )2 + Urel( p)2
U (X) = +Urel(sz)2 +Upg (T)2
+U (C) + Uy (E)
REI A Co=80.2 pg/100 g, WIMH-FRE (HEE &
FURHI E A AN 5 BE L 2R (27).

=0.0267, (26)

Ustg =
UC( X) =Cyx Urel(X) =80.2x0.0267 =2.14 ng/100 g, (27)
x5 NN E DB ERIE
Table 5 Determination data of folic acid in sample test tube
R RR/mL WOGEM A RS Rng WOBEEME A, MRS ng WOBEEM A MHER S Rb/ng MERE A C /ng
0.5 0.5822 0.3424 0.5811 0.3416 0.5820 0.3422
1.0 0.9166 0.5961 0.8734 0.5633 0.8304 0.5307 0.5738
2.0 1.1968 0.8087 1.2292 0.8332 1.1944 0.8068

LeME T RN Y=1.3181X+0.1309(r*=0.9701)
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Table 6 Relative standard uncertainty component

AN AR AR AN 2 BT
T4 42 Uy (X)=7.92%107
T (FR i . R U () =8.24x107*
PRIEYI U (P)=5.77x107*
R bR VR L (Rt . BB U (S))=2.52x1073
SR U (T)=5.2x107
D REEuNalIIEo U (C)=2.53x1072

AT I IOLE T b U (E)=2.0x107°

232 ¥RERIRHEIE

BB E 85 R B4, BAEACE N 95%8T, 5
HT k=2, W RATERE U=uc(X)xk=2.14 png/100 gx2=
4.28 ng/100 g
233 RHERENET

FE B S FLA () IR 7 5 (C) n] 287K (80.244.28) g/
100 g (k=2), BEA1FKFH 95%. B (EAf: SRR iR
T EAEAE 95% MR N AN KT (80.2+4.28) ng/100 g, A
/INF(80.2-4.28) ug/100 g.

3 % i

GB 5009.211—2014 { & &I ERAVINE ) 1Y JFEE Y
iR BRI TR AE K TR B 3R R, I BRI
BROGT I IR B R S R R A, 7R 8 IR S R A B N R
IS A B 3R A, SRR A A 7 A i Rt 4
I A T 2 T B0 B oA S0 100 Y P e ) ALK
DAAS [l o5 o VR A VR )3 DY 3R % 45 Ve B2 7K SPAR v It
Rk B 22 T BR v 2, ARl A o 2 R e 35 O v
TR 1) it o ASWFST 4 FRARE GB 5009.211—2014, & MR
FEAERE S FLB R i, AT A R OGS R IR AT
AW BEPPAS o 25 R, DU AN S JE R R R T hR i
MBS, HUCRM R M, X 2 A
IR B YIASE, AT A R Il 4 i 0 5 81 3% 1) 2 ik
R, IS0 1 R v WA i ) S S A, TS R
A, DA FRAS 5 A R G (R BEAR 25 SR U/ NI 4 SR i A
W, PRUEATINZS B it . AT B A . B
. L AR AR E BEARXT BN, TE B WS
B N W SE AL RIS, RIS . BT .
W IRy, R R = 1 R
R, I B AR R TR A -

AR YR SE U0 B 5| B AN E BE LT T DL 2R3,
SIHTI AR SRS 5 T LU AR HE SR AT B = 1 R K
5 R 3 3 A A R T RE T 1 AT [ 220 3O v R
T, NILTEEAS AT E B, SR % % B A A i |

PAEYEYE . BRI . BRI AFSDERAE R, A
1 SRS AR R A R B (20 WL RE, BRI
(37+1 °C)—3E, HEFRMIEI(20~40 hyJEFI T2, RARFRHE
FAG M (MIFEHSR 2 h, BOLREETWI B2, &
JE B IX L 2 AR S AN RE LR S M B R I 45 2R, PR S
TR AR SR EARAE, X LE R AT L2 AN T

ACBIE S 38 2o ) LAY FR R A AN A A AT IR A, B
B I R P AN S B R ORI, SR A B X
IR AL T HOR SR, IO E B PEAG BT —E )
Ak, T RIS S Y A — UG
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