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Uncertainty evaluation for the determination of biotin in nutritionally
complete food by microbial method
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ABSTRACT: Objective To evaluate the uncertainty for determination of biotin in nutritionally complete food by
microbiological method. Methods According to GB 5009.259-2016 National food safety standard-Determination
of biotin in foods and JJF 1059.1-2012 Evaluation and representation of measurement uncertainty and relevant
statistical methods, the uncertainty components affecting biotin content results in nutritionally complete food were
explored and evaluated. Results The extended uncertainty of biotin content was 1.84 pg/100 g, /=2. It was found
that the repeatability of measurement, the weight of standard substance and the preparation process of standard
solution were the main factors affecting the test results. Sample series control preparation process, standard curve
fitting, deviation of UV spectrophotometer and sample preparation process were secondary factors. Conclusion
This method had high sensitivity and good accuracy, and can be used to evaluate the uncertainty of biotin
determination results in whole-nutrition formula food.
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Wk, APFFMIE GB 5009.259-2016 (£ % 4 F S ARk
b AR A E ) BRI JIF 1059.1-2012 (& A H 5
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7B P A R R RN O R TR I E

HE MY RABERE, NI R YRL I E 28 SR &
sty A 0 3R R RN 85 B AR AR

2 MHERE

2.1 MR

AL204 S3H7 RS-, XP205 44 KF-(36E METTLER
TOLEDO A #l); LT602E HL FRKF-(hF #ATH R 2 A FRA
F]); BXM-30R 373 28R K w (E I R sl A R
A BESFI45)T); BSC-1600-11-A2 1E:W)22 ki (FR M i
AL A A BRAA 1), UV-2600 E5M 3 6B TH(H A By i
AT BRA D), SPX-250BSH-AE A b5 3246 (g0 v 7
I A BR A HD); F202A075 ek iRi%#5( K] VELP
23] o

JoK IR, REAAEN . 3hER . BREROI AL, TNk
WAT); AR AT IR, AEE R 99.5%(H & 5 2
K MFoE Be); SERRE G 2B IR 1 h (7 A (e 0y
AR .
22 WA
2.2.1 KHEAREZ A KB

HERAFREL 6 el —HtyKAEdh, 8% 0.0001 g, T
250 mL =AM, JIA 3%BERIAK 100 mL, 121 °C/Kf#
30 min, BEGHAKESRZE 250 mL 25 ERD MRS . B
O JERIUE, WHC 4.0 mL EIEWNIK 20.0~30.0 mL, FIEE

AL WM pH A 6.8+0.2, & B 100 mL 2280+,
KEZ, #5).
222 AF|FRAM

WFERSE: W4 3%, 20mA 1.0, 2.0, 3.0,
4.0 mL iR BOK, #MKE 5.0 mL, HIA 5.0 mL 4= H &
FE RO, IRA), WA 3 M FAT.

PRERFIE: BURE 25 A 0.0 mL(EH).
0.0 mL(Z +E ). 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0,
5.0 mL ARvERNZR TAER, #MKZE 5.0 mL, A 5.0 mL £
R R IR, RS, MR 3 AT,
223 EHREM

A RS FiR %2, 121 °CK A 5 min J5, PRS2
FEW, EHGXAEYZ LTI, 5300
50 uL, FRifEZS I RIVERRSN, BT (37+1) CCHALR IR 401
#22h,
224 MEFIRE

FEFRAT 00 2 A e R % 2R 5, 7E 550 nm T,
2 LR ETRE, #1700 (absorbance, A)llE, R1E
BT 2R 9145 10 A 1 2R 5 R0 1) I 4004 A o T 48
FRAERE S B, TR A AP R A IR,

3 HER5SH

3.1 FHREERIKRIFEIRA
AR GB 5009.259-2016B %54 i (14 2= 1 25 25 A 50
E, A3 BRI i AR R AE M R A A, RO T
(AN 2 BE SR P 0, A 1 I 1
YRGS EITE AR
_Exf, 100
m 1000

(1)

Hrp:

X—iAFE B R i, pug/100 g;

— R AR 2 SR B, ng/mL;

m—IiRFERY R, g;

SRR
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e, 45k 1, EENEENATEERET A %
Afy e U,

FRAEA 2275 T I AHE ) SE B bR S S, T
K(Q):
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o

R— 2%,

C— =R

SLEGE AR 2 WOPATE R (n=2), Bl EAIHE R
FRUEAHH 2 B2 T (3):
S _
NS
K25 R ECEYIE X, AR AR AEASHR 2 B L= (4):

u(x) = 0.7099 pg/100 g 3)

umgf>:f§§3::00285790 ()

322 AFBEMRAREBATEE RN AT

T 7 40 JoT R ek N M VS VR ) A i S i R R R
APRUEDI BT . AR B FR R AR A AT . A5
WEPI TR AL 99.5%, TEBLHIbRE T, 23 M4 ol
WATITR, RARAE Sl AR T35

(LYbRHESE BFR BB A A 5
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IS BIbRHE 2R TR, 28 ROMALEH 4 R, 1 mL B IRAG
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Fig.1 Biotin detection process
®1 H@RTENERSENNESER
Table 1 Determination of biotin content in the sample
IRE UL 1 2 3 4 5 6 WfE
o E/(ng/100 g) 24.61 23.40 24.70 25.00 25.42 25.94 24.84
R2 ERNRESINNTHEE
Table 2 The uncertainty introduced by the weighting of a standard substance
K TR AVFRE/g PREATE /g AR R A1 5 2
NERZE +0.0005 2.887x107 2.887x107
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EBRE R 1 R LS AR E T w0, (V) 2

et (V) =\t (V 1) + 1ty (V ) + 1ty (V 3)* = 0.011672.

Horr:

g (Voy) —BRAE R B2 100 mL 285 S AT
AHERE;

re) Vo) —FRAEVE R 3 B2 1mL BSOS A AR
e B

gy (Vo) —BRUEVE R 3L F2 5 mL BWHE 51 A R
P

T S 06 5 T E 7E (204£5) °C RO FE P it 3, {2 %
LREAEAL S 5 °C, LR (0 0 i R T 3 1o A T
S R RV I RO T, R R B K vy BB R T
FAHRI AN . RFHEIE A6, S E T3, K
WM H0H 0.00021 °C, T 7 2 (9 A 2 15 by
V1 x0.00021x5

J3
GLJRE 77 £ () RSB AN T 5

%(%F%
T

BRAET TR 5 1A BOAH X AN E B A -

U(Vy)= =0.0006062 Vy.

=0.0006062

et (Vi) =g (V) + g (Fp)? =0.011688 .

)P RGN 25 5 | A A 2

bR RSN AR T ImL B H 0.5,
1.0 mL, {fi/f] 10 mL BWARIIN 1.5, 2.0, 2.5, 3.0, 4.0,
5.0 mL, RIVEM 3 P47, RAKEES6, G5HTFR
V3, U EORR U AR RS WA T 5 BE L3 4.

s v 22 9145 1 46 5 LR A A OGS o o A ff 2 i, L
1,1 (O;) 47 TR WL BSR4 FREL %) A T A 94 A i

EJE:
8
U (Q) = izl(urel(Qi))z =0.013238.

B SR AR I 5 | AR AN 5 L () A
AFR BT AN S FEE

Uy (B) = \/urel(mﬁ)z + 1t (V) + iy (0) = 0.017806-
323 RPREFIANGRAHZE
ROVARZE SRS Y B, SR L g R,
BT RPUERAFR St A W R FE AL 7.5052 g, LB E AR 2 IRFE
AT, B 2 0, RIRRA, 5T 3, R
INAE A B A o BE DL 5 6

®3 ERRERIEERSINNAIHEE

Table 3 Uncertainty introduced by gauge for standard solution preparation process

HH T KA B fe iR 25 /mL BRAEANH 2 i /mL ARXBR A o
100 mL %4 +0.1000 5.774x1072 1.1550x1073
ImL & H +0.0100 5.774x1073 1.1040x1072
5 mL Bt £0.0125 7.217x1073 3.6080x1073

R4 WEHRERREREBIRICSI NN HERE

Table 4 Uncertainty of pipette introduction for absorbing standard solution volume

W IR AT VR A4S R /mL R R IR 2% /mL BRI E B /mL FEXTAR AN 2
0.5 +0.0050 2.887x1073 5.774x1073
1.0 +0.0100 5.774x107 5.774x1073
1.5 +0.0125 7.217x1073 4.811x1073
2.0 +0.0125 7.217x1073 3.608x1073
2.5 +0.0125 7.217x1073 2.887x1073
3.0 +0.0300 1.732x1072 5.774x1073
4.0 +0.0300 1.732x1072 4.330x1073
5.0 +0.0300 1.732x1072 3.464x1073

#5 RARPRESIANNTHEE
Table 5 Uncertainty introduced by the balance error
R R AVFRE/g FRUEAT 2 /g AFX A AN 2 B
~E £0.0005 2.887x107 3.846x107°
E e £0.0010 5.773x107* 7.693x107
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RAVARZET A G AR AR AN 2 B

umgQ>:J%d@;f+uwng2:00mm7nn
Hrp:

Uy (O)) — RV TRAB AN 3 J&E

Uy (Qn) — RVAM B A T S
324 HRHEEARTIAG A EE

FEVR i £ A R 250, 100 mL &I, S mL
WA, MB WA W 2.5 mL, A 525 % i 1E
(20+5) °CHYE I N Bk 3, BRiREAE R 5 °C, ZiEE 5]
A R ASf 22 35 ) A 2 i AT R U TR AT AR R I R B0 5
A P PR R K B B K T2 SO AR B ik . R TE
Sy, AL T V3, REIR A 1 RS | AR bR oA
B2 FE L3 6.

FEWRT A 2L RS A B X FR AN 7 B

2 2
u 1( V)= urel(yi) +“re1(Y2)
re
+urel(Y3)2 + urel(VT )2

=0.003085.

o

e (V) —250 mL 2555 LA AR X BR A0 2 2

e (Y2) —100 mL 245 A B AR AR AN 5 2

e (Y3) —5 mL FEIRAR S A AR AR AN 5 FE
325 EHAIEHETING RAZE

WA RSV s B T 5 mL BRI 1.0,
2.0, 3.0, 4.0 mL 3k 4 DMBEEE . A RIVE 3 APAT, R
AT 434, A5 R N3, AN R i A LY
P WA A 5 2R 7.

TR RGN T A LR LA & BUARXS bR vEAN A o

i (S) = urel(S1)2 +urel(S2)2 = 0.010825
rel - -V °
+urel(S3)2 + urel(S4)2

Hrr:

Uy (S)) —FEWACTEEL 1.0 mL 51 A AT bR A
FE B

U (Sy) —FE WA I 2.0 mL B A f A %) A HE A 1
FE S

U (S3) —FE WA LI 3.0 mL 51 A BT bR A B
FEBE;

Uy (Sy) —FE AR EL 4.0 mL 51 A A AR X A A B
TEE
32.6 FIRKETNERE TN R

AN BTN B 2 B AN o Oy B
R EIR 2, B AM OGRE T 1A HE5 AT A, B T
MK VR E a3 N 1.00%, KA, EHT k
W3, BN BRSO

Um@F%:QWWBD

327 AR KA DA TN AR

R b 1 2 2 e S B R o it 2 i A Ak AR Ak, Hi BRE
br, PRIERIIVEML 8 NURBERRRE, R RBERR B 3 KT
11, 2% dik B E ) (bW B Ltk i 2 0l 4 25 5
FIARTRE BETFAE ), R e br o i Ze 2 kAL,
LM TR AL G 25 R Ao e, A5
I B W3 8.

®6 HRHELEIANNTHEE

Table 6 Uncertainty introduced in the preparation of sample solution

HHH e RAE AR 22 /mL BRI AE BE/mL AR FRUEA I o
250 mL 7R £0.3000 1.732x107! 6.928x107*
100 mL X £0.1000 5.773x1072 5.773x107

5 mL B +0.0125 7.217x1073 2.887x1073
piEs +£1.05x1073 6.062x10™4Vy 6.062x1074
£71 RFPRESIANNTHEE
Table 7 Uncertainty introduced by the balance error
WA T /mL RS R 2 /mL T AN JBE /mL ARXFRAEA I 2
1.0 +0.0125 7.217x1073 7.217x1073
2.0 +0.0125 7217%x107 7.217x1073
3.0 +0.0300 1.732x1072 5.774x1073
4.0 +0.0300 1.732x1072 4330%1073
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Table 8 Biotin standard curve experimental data

H W Z WS /(ng/mL) S B

0.1139 0.2469 0.2401 0.2370
0.2277 0.5318 0.5326 0.4950
0.3416 0.7425 0.7688 0.7558
0.4554 0.9988 0.9869 1.0224
0.5693 1.2183 1.1895 1.1735
0.6831 1.4121 1.3625 1.3464
0.9108 1.7011 1.6400 -

1.1385 1.8658 1.8302 1.8352

H: Y=-110195 X3 —0.735432 X2+2.64349 X —0.0491131, FIL MM v=2.87X-0.2896, h=2.87 -

HRHAR e 2 SC e K%, 2RI ARARIERE Sp:

>i-5)°
i=1

n—

=0.01860 ng/mL.

it SRR TR A 45 A P v A

Pio INFRUE LA th ik B AE

n: 25 AR A D R

PR RGN 4 REERREE, B 3 AFAT,
FRA AW ERE, AT b i 215 10 RE R A T A ) R
IOGEEE, W3R 9.

®9 ABRIETEDRATLEE

Table 9 The absorbance of biotin in a series of tubes

n: L IBRAE 2 RO R
fe: DRE WO RE Fre AR MU IR BE R R, S 173
T R DL (R AR R R AN A 2 B2 A -

ure1 (Vo) = @ =0.008527.
0

Horp:

vo o KR RSE P AW R W E R E

0.4697 ng/mL,
3.3 ARAHEEMT BRAHER

AR EE FTEZHUT 44, WFE 10,

R10 THEEGSNDEHER

Table 10 The result of uncertainty (component)

A RSB B /mL EYENL @A
1 0.4110 04112 04112
2 0.8217 0.8217  0.8217
3 1.1638 11638 1.1637
4 1.5074 1.5078  1.5078

PRAE A G 5T B bR A E R :

—k —k_5
u()jO)ZSiRX l+l+M

p =0.004005 ng/mL.
p n z(xik_;k)z
Horp: "
xo o IFERIVE AW R OLEH;
x o 2 BRI R IR 2% RO R P 2 {E
xi o B v R T e G I B A AR RO A
pr IR RS YA

5 AN S BER TR AR R A 2
R 2.8579x1072
R R i b HE TV 1.7806x1072
K12 7.7020x1073
R A 3.8050x1073
WAL R E & 1.0825x1072
AN T e 22 5.773%x1073
PR & 8.5270x1073

urel (X) = \/urel (2)2 + Ul’el (B)2 + urel(Q)2 + urel (Y)z

AT A XS AR VAN 2 B A

5 5 ., =0.036967
RN (S) + Ul (Z) Ul (yO)

B bR AN E A
U =X XU (X)=0.9183 pg /100 g
PR AW A JE R bR oS E B R AL R T K,

k=2:
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U=uxk =184 ug /100 g assay for water-soluble vitamins in foods [J]. Food Sci, 2013, 34(13):
. 338-344.
4 % i
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