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ABSTRACT: Objective To compare the differences of GB 5009.82-2016 National food safety standard-
Determination of vitamin A, D, E in food method 1 and (hereinafter referred to as the GB method) AOAC
2012.10/ISO 20633:2015 Simultaneous determination of vitamins A and E in infant formula and adult nutritional
(hereinafter referred to as AOAC/ISO method) in the detection of vitamin A and vitamin E in infant formula powder.
Methods The differences of the principles and technical steps between these 2 methods were compared through the
text file; the precision and trueness were compared by analyzing the key parameters e.g. standard deviation,

coefficient of variation, 95% repeatability limit, relative repeatability limits, mean value and recovery of standard
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reference materials; the systematic and proportional bias of these 2 methods were analyzed by comparing the
analytical results of infant formula samples purchased from China market. Results The method principle and the
operation procedures of these 2 methods were different. The standard reference materials test results showed that, the
key parameters of method repeatability and reproducibility (e.g. standard deviation, coefficient of variation, 95%
repeatability limit, relative repeatability limits) were lower by performing AOAC/ISO method; and both AOAC/ISO
method and GB method had good recovery (100%=+5%). The comparison results of sample test showed that, there
was no systematic deviation and proportion deviation between GB and AOAC/ISO method for vitamin A analysis,
whereas there were both systematic deviation and proportion deviation between GB and AOAC/ISO method for
vitamin E analysis. Conclusion The principle and operation procedure of AOAC/ISO method and GB method are

different, which may lead to significant differences when performing these 2 methods to test vitamin E in infant

formula samples.

KEY WORDS: infant formula; vitamin A; vitamin E; method comparison
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Table 1 General information of the samples

i Wk id FH AR B/ H LN Wk Bt
1 0~12
2 0~12
3 0~12
4 0~1 IR PR 2 iR N/A
5 0~12 B4y )LC 5k
6 0~12
7 0~12
8 0~12
9 0~12
10 0~6
11 0~6
12 0~6 —B
13 0~6
14 0~6
15 0~12 B LTS 3Lk
16 6~12
17 6~18 B
18 6~18
19 12~36
20 13~24 =B
21 12~36

222 HRAE

T R 3 A4 -

— RSO . LA RSO, R 2 SRR
MR E AR . I AR R 20 FEARETAL R
EFEAE . R IR E BRI AN, 4 Hr ik 2R TR ] B
BRI ER

TR R X, S8 ISO/MEC 17025:
2005 | 2002/657/EC!' | ISO 11843-1: 199712 | ISO
11843-2: 2000t ISO 11843-3: 2003!' | ISO 16269-4:
20100 SANCO/2004/2726-rev4-december 2008!'% | 1SO
57255 [ PRbr o SC PR . BRI ok E P
INAT IR FRUEY) T NIST 1849a JARUERE L, TN 2 4452
BARE AR, ARG 3 AR B TAE H A7
RSN, JEIF T 6 YR, ARl sE 2 ANEEE
o KrBdEE A Q-stat BRI UEBIA S 1451 H “validation
module(precision & trueness)”, T35 52 U845 5L 1A RS 2% J N
WERAE

ZORAE R A R X . & B OISO/IEC 17025:
2005 1SO 5725: 19941 1SO 8196-3: 2009t 1SO 11095:
199611 1SO 11843-5: 2008712% & proR i ScFi%it. HAK
R Fe NERR TR (R R, X 21 AR SR T
W, BAFERFREL 2 ASPATRES, 0B T, K dids
i A\ Q-stat BRI ERE R 45 11 AL B validation module
(trueness: reference vs. alternative), 18 2 45250451 95%
AR DX A] P 1 22 5 Ml 2 R EL B A 25
223 ZERAA

WEHCE AR 4R s N R, IR GB
5009.82-2016 55— 1 AOAC 2012.10 ARt 7 i (K 1
ARG

3 HER5SH

3.1 FERIBLEE

2 HET 2 AN R R K SR IR S S T
JRBE A3, 2 MO R R R 25, GB ki@l ek,
FERL R LI A G A K A FIZELE R B AL A sl 2,
PRI, Ak . VR GE 5 R RO A AT e
AOAC/ISO Fik¥ A AL L 9E, HIERASEhRE, R
I AR €8 3 ] s 00 o I A PN T A O A 38 A i A=
% E. Nt BAR Fordr, 4i2E R A JrTi, AOAC/ISO Jf
5 GB HikM) EE 2586 130X -0 # w81 N H bR,
4k K E 71, GB 5k 5 T AUSE - T, p-LE B, 9-
HEEW, o-ET BHIAT B 4 FTEA, AOAC/ISO J7 ki
His® A o-AF W VOB HER oW1, GB FikEM T
JTA i, AOAC/ISO J5 ik NI{GE T 224 LI 7 & S il
BN E TR WFRE T E 4T, GB 7 ik BURE B8,
AOAC/ISO J5 i R FHRAEA S 75 1 Jy 204 o R 1 28— 1
FRENE . IFE S ATAREE 43T, T GB ki T2
AT, ML T AOAC/ISO J5ik, RAERFEE K, HHH
KB WETEEE L, GB AR B A (i, ik
A TNYEE Z B WA I T L AMG I 2R 2¢ SEAG I 2% )
Jri%, AOAC/SO JrikikBUE M (3%, 4R A ({GERAF
LHMGINES, dEA: 2 E WITF B0 gs . RS s R
R 41T, AOAC/ISO J74HYy LOD M LOQ #KF GB Jy
Pro WA EARFE, GB Jrikai kb Bl v F 1 £ il
Tk - 2, BETR A W BEA AR Sl AR T, G e o ) R 1) 95
BEEEACK, NS hl# a5, M AOAC ik
R R S PR B AR X A e B S Jot

#k BB, AOAC/ISO JiikMl GB Jy A5l FAF1E
K2R, H 2 ROk B AR TE, aTRext 2 For
PN eSS SR R B . T IR IR ik R SOk
E, AOAC/ISO Jy 4% GB JikA R R fE, HAHA HAL
BRI HH BRI e PR
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Table 2 Text file comparison
PRV RITH GB 5009.82-2006 J5¥k: 1 AOAC Official Method 2012.10/1SO 20633: 2015
WA A R A R4 R E LB TER S ATEMBERE R AARE OB K AR S &S, SRR R
7k fift) . HREL, b . WRAES, Cao B PFP SUMIBAH I A3 1, 4i/E 2, (] NH, (A Gk A:, BEREVERR, SR E4MG I
LA BT AT I B, SRR E AMELEAE R A, RATCHKMASIE 442 E.
AR E A 13- B EE AP I
_— HErE g A A S R A 13RI A
i B An T N LTRSS . LB A TR R
SRR B e B PR R R R 0 B P E B o H . o EE .
i L B B LI Ty B R RN B TR
FE SR 2~5 g [P G FREL 25 g AR VAAR 2 250 mL, RHL 5 g BE G TS0
FE&IMA 20 mL KEfE, A 1 g BUIRMBERF 0.1 g BHT
WO, JINA 30 mL JE/K ZFE, 10~20 mL SEALHE B INA 5 mL ARJRE ABHA T, (37+2) °C/KH 20~25
RESLBTALEE W, 80 °C/KIETS 30 min BAk; WAL T MA 50 mL 41 min B§%E, BHEMA 20 mL BRALHEE, 7% 10 min, 1F
k- BHE A WA 2 W, $REUEEZ, 100 mL KPR 3 Ik ERER IR 10 min, 250 5 R EUE 3558 )2 AR
J&, EZEdeSE, 1T 0.22 pm JES R,
@JJE%HE Cyo ﬁ*ﬁﬁlﬁ%*ﬂf, NN
N N . . @1%H::  Zorbax NH,.
Sl SRAMGIN Y, dEd R , =R ; . . N ’ . .
i A K. LHMGIZY, dit2E A325 nm, 442 %K E 294 nm Ko ST, HErh 2 A 325 nm: SESER IS,

K B A e B 10 pg/100 g, E BN 30 ng/100 g; A & B A £ 506 BN

TEREMIE, dEAEE A RMK 328 nm, &K 440 nm,
A E E, MR K 294 nm, K5I K 328 nm,

B AWK 280 nm, KEHIEK 310 nm,

2 SIS R M ZSLYG IO UF, 0 BEAT A ER R G B
MBRERN 5 g, JER 10 mL I, 443 A BUEAME R 0.099 ug/100 g, ERBR A 0.33 nug/100 g, L2 WL AR Bl ks

140 pg/100 g, &R 120 pg/100 g,

HIBEH 0.85 ng/100 g, 5E 1B 2.83 pg/100 g; a-/EFH
R HE 10 ng/100 g, s R 35 ng/100 g, o=k F R

FREEAS B A 23 pg/100 g, E IR 75 ng/100 g,

3.2 FRIZHEAEIEL XS

PEFH] NIST 1849a SN Fi#Etedh, 43R A GB Jrikfl
AOAC/ISO ki 43T # 3 AR TG E LRI
B, ARG AR vk e A 4 R 0 Ak R B S A
MAFEBIME . A2 . R AR5 95%EE MR . AXTE
S VEBREFEARIET T H X o 25 5T 1, AOAC/ISO J7 i 7E I 2
ek R A Mg R E B TR PR IR 22 | B S R U
B, 95% T PERR . AT T MEBR A E IS T GB ik
DI R B 2 R B (4R hr 8 5 RBCH B, GB ik e
kg A MELSHEAEINZERZES 3R 1.18%M
1.15%, AOAC/ISO J5 il i YA 2 A () E 52 P I SR B AR
FREFUIHIN 0.14%F0 0.45%, 4R E i iss R 54
AR A ML, GB Jyikny S M X E AR R RN
2.05%7F1 1.78%, AOAC/ISO J7 ik I TE A T M EE AR 7 R
BB 0.00%F1 0.27%

4 BARTIEME SR L. WERPATE
W2 Bk E R A R R B RN 25 R T8 TE bR o
YIS AH A E S N, FERA GB 1 AOAC/ISO
T REAS B S A B B T A B . HARS T 2 Rl
B EICE AT LUR , R R A W, GB Jy kil

Rl 98.40%, AOAC/ISO Jridihy 97.30%; fE4iE# E
fI5E P, AOAC/ISO J5 ik i [ i3y 100.91%, GB J5'ik
4 105.14%.,
3.3 i EExS
3301 #AEZA

5 BYEAER A MXT HL SRS R

| Qstat 544 i) “Reference vs Alternative & bt I G
YR AT 0T, K GB 5009.82 iEIME RIS H ik
(reference method), ¥ AOAC 2012.10 1F A&
(alternative method). FH T4 & & vk Y0 I8 58, ARAE
HEBRME[(Maxrer—minges)/max,e=0.756>0.2), BXF 2 Fph
DR BAEG TR L FAEE, S E R 2 Rz
[ RGN L iR . BARDPras B 1. £e6.
B2, &7,

B 1 REAER AL RGEMENT, X ERS
Z R E RS SR, Y SRR BER T IR-SE IR
8. NEFRT LA H, 2 FiorikZ S BE A Y=0 5%
mIm, WA Bon RN ES . BRI E R AR 6
FR, 2R A0 0.00, (22 ATERITE 95%m) B A5
XEINEET 0, FTLh 2 F kAR G 2E .
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Table 5 Concentration of vitamin A in comparison samples
GB 5009.82 JZ 4 HPLC/(ug/100 g) AOAC2012.10/1SO 20633:2015 1E[i] HPLC/(ug/100 g)
EaE e

i 1 #H 2 ¥ i 1 B2 ¥

1 346 345 346 343 344 344

2 233 232 233 224 225 225

3 284 284 284 276 278 277

4 389 390 390 392 395 394

5 553 555 554 553 558 556

6 194 194 194 216 235 226

7 315 313 314 310 314 312

8 199 197 198 229 248 239

9 397 394 396 403 404 404

10 221 219 220 211 221 216

11 302 302 302 298 295 297

12 368 362 365 408 414 411

13 136 137 137 128 129 129

14 199 199 199 221 217 219

15 185 185 185 177 177 177

16 242 238 240 245 239 242

17 136 134 135 138 135 137

18 351 348 350 347 345 346

19 396 391 394 413 407 410

20 456 449 453 460 445 453

21 209 207 208 202 194 198
30 . FZ ML 95%EfE X MTEE, & 3 AEERE=2
ol i LI, 2 3 ST R 95 (X
& 20 : ( I, AR SRR R AL Y=4.074+1.005X
ﬁ 0 0 . SRR 2 MONEG RS S I y=X A R
= _lg e, Lo SR .3 (P<0.05). KR AT A RN 7 BT R, 0 ik
20 RRREPE R 1.005, JL 95% B 15 X)L L 0.934~1.076,
100 200 ”g%ﬁfo 500 600 5 1, BB N 4074, H 95%F 15 X 6] 3 Bl N
-17.872~26.020, % 0, 5E& 2 FroRgE R —2, 2 Pk

Yere 2 A SH-RYE s
Fig.1 lg;nal;fliiiigeﬂf:: f; ft?miﬁi-i;;eﬁfic bias HEHARE,

B 2 gk 2 A MK 2k e ilm 22404, 2k 2 1R LI
GB FEIELE R X {H, UL AOAC/ISO ik Y AR
By A2k Y=4.074+1.005X, V4T T4k 2 19 2 540918

DL S5, 2 B e oAk 21 A~ 4L L
¥y e, A Es R AL RGN 25, WASFEAE L B i
2, 2 MRS ARG H 22 (95% B 5 X I8))_E e h—3L,
332 %AKXE

2% 8 EHEA R E 1N L SC IR £5 5
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Table 6 Analytical differences of vitamin A-Systematic bias
o b e B 1R/ (ng/ 100 g) (CE=
HE
R/ME STNI:} e g AR 2E/% P2 (TS B B AHE 0(95% 815 XIa)/(Y/N)
21 128.5 555.5 0.00 10.435 Y
700
2£1: Upper bound of tolerance Int.(95%)
600 R Y=4.074+1.005X
e SR3v=X
500 = -;’/;\//
ﬁ 400 /"'/'—?)%4: Lower bound of tolerance Int.(95%)
it
#1300
200
100
0 1 1 1 1 J
100 200 300 400 500 600
% )i
K2 4R A MR R 28 R0 Hr- LU 22
Fig.2 Analytical differences of vitamin A-Proportional bias
RT BERANRFEESIH-LLORE
Table 7 Analytical differences of vitamin A-Proportional bias
HRIETER/(ug/100 g) EEES I
R EOE ES AL R A A SO 5 S ] LA A A
iR e FERUFESES 1 —— HHEERERES 0
CY N SN RS o A o
LAl O5%BEFEXENY/N)  TH (95%EAF X [A))(Y/N)
21 555.5 1.005 0.934~1.076 Y 4.074 —17.872~26.020 Y
®8 HMPHERESEFALTEMER
Table 8 Concentration of vitamin E in comparison samples
GB 5009.82 4 HPLC/(mg/100 g) AOAC2012.10/ISO 20633: 2015 1E 1] HPLC/(mg/100 g)
FEdh oS - - - -
HE HZ2 WyfH HIZ HE2 By
1 21.7 21.6 21.7 19.6 19.6 19.6
2 12.3 12.2 12.3 11.1 11.0 11.1
3 20.4 20.4 20.4 18.2 18.2 18.2
4 18.2 18.1 18.2 16.7 16.8 16.8
5 27.1 27.0 27.1 244 244 244
6 14.8 14.8 14.8 14.3 15.3 14.8
7 10.6 10.5 10.6 9.68 9.52 9.60
8 7.70 7.67 7.69 7.14 7.88 7.51
9 13.3 13.4 13.4 12.4 12.2 12.3
10 11.8 11.6 11.7 10.6 10.5 10.6




9090 B A TR R ) EERE
5% 8
GB 5009.82 24 HPLC/(mg/100 g) AOAC2012.10/1SO 20633: 2015 1FJi] HPLC/(mg/100 g)
FE i

HE 1 BwE 2 ¥ HE 1 R 2 ¥ifE
11 12.8 12.8 12.8 11.7 11.5 11.6
12 20.3 20.1 20.2 19.5 19.7 19.6
13 12.8 12.8 12.8 11.7 11.5 11.6
14 11.5 114 11.5 11.3 11.6 11.5
15 14.5 14.4 14.5 13.0 12.9 13.0
16 9.60 9.50 9.55 8.72 8.61 8.67
17 5.08 5.04 5.06 5.36 532 5.34
18 15.2 15.0 15.1 13.8 13.6 13.7
19 10.7 10.6 10.7 10.3 10.5 10.4
20 21.7 213 21.5 19.8 19.2 19.5
21 15.3 15.1 15.2 13.9 14.3 14.1

HFIFH Qstat # A4 ) “Reference vs Alternative #51k HjfE
SBT3, % GB 5009.82 FIEWE NS HEE, ¥
AOAC2012.10/ISO 20633: 2015 YE BT, I THES,
Toa e FE S M BTE L M HE OB E AR UE [(maxier—
MiNeg)/Mmax,=0.813>0.2], FxtH 2 kR BIES H 245
SCEAAIR, BRI W 2 Fhos ik 22 18] A4 22 4t i 22 0 L A5
i, EARSHEERILE 3, £9. K4, £ 10,

Bl 3 2442 B Ky ik R G w2200, X RS
ZHENERSGRE, ¥ RABRITE-SE LD
Ho NEHRTLIE H, 2 Frik 2R BHEZ HfifE =0 &
ZLMTM, SmE AOAC/ISO J7 ¥k Myl & 45 B AL T
GB Jiik. Bt g 9 Wi, a2 i 50
—1.150, {2 (B 90 FEL7E 95% I B X ] N AN & T 0, F
PL2 P i R G 2

0.5

0
0.5
& -1.0
K15
2.0 e
2.5
-3.0

Bk

=Yiw:3

0 5 10 15 20 25 30
2Tk

K3 iR E MRy ik 2E - R gl 22

Fig.3 Analytical differences of vitamin E-Systematic bias

P 4 S22 R B Ry vk Bl i 22 500, 2k 3 AR L
GB ki EL R X, L AOAC/ISO Jr¥kly Y {E AT
A 2R ¥=0.594+0.885X, P47 T4k 3 1 2 Zx4k 435K
FXIHMMELN 95% B XL, £ 1 ARERE=2
Al EHRATLIEH, & 1 WA SEEERITILE 95%E
{5 DX 10 5 BB P, 3 BH AR 2R 5 B ) 3K 5 51 19 1] 0 ot £k
Y=0.594+0.885X SFpaEE 2 FOTEEE R —SS ik
Y=X TG EA 8. HARERN LRI, BEE X (EHY
K, 83 54 | FREZRSIER, BXKF ISH, L1088
ANRETEAELR 2 JUBI N, $RMEE RS P44 R E STt
1R, 2 PO IR I S SR 25 S s AL BUE A BT R an %
10 B/, R MR AR P 0.885, H95% 15 X [H]
8 FEE 0.842~0.929, ALE 1; #EEA{E}-0.594, H 95%
BAFIX AL F H—0.077~1.265, 155 0, S 4 FrRssR—
2, 2 B AR HO G 2%

VL 255 3R M, 2 P ik A A B 21 A4 LEC T A
By i, BT AE R R G 25, WAL iR 22, 2
s B4 AR G2 (95% & 5 X 8])_E ) E AR —2L

4 iHEREY

1o RIOHRAH 8 1575 S H T Bl h 4l AR R e
HARFBL, HH NP-HPLC J5f RF-HPLC F 530 FF
HeEE A AR E AR, AWF5T3EE RF-HPLC J5ik
Bt GB 5009.82-2016 55—k NP-HPLC J7 i HgfL3%
AOAC 2012.10/ISO 20633: 2015 3£, MIJrskEH | ARl
JRSIN . ARSI 2 BTV UEAT ELXT, SRR AR
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Table 9 Analytical differences of vitamin E-Systematic bias
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Fig.4 Analytical differences of vitamin E-Proportional bias
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Table 10 Analytical differences of vitamin E-Proportional bias
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