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Uncertainty evaluation for the determination of 1,2-propanediol in pastry by

gas chromatography

GAO Jia-Min, LI Hong-Xia, CAO Jin", DING Hong"

(National Institutes for Food and Drug Control, Beijing 100050, China)

ABSTRACT: Objective To evaluate the uncertainty of measurement in the determination of 1,2-propanediol in

pastry by gas chromatography (GC). Methods The uncertainty caused by various factors in the whole process of

determination was analyzed, including weighing, standard solution preparation, calibration fitting, extraction and

determination. Results The combined uncertainty in the determination of 1,2-propanediol in pastry was 3.1 mg/kg

and the expanded uncertainty was 6.2 mg/kg. The content of 1,2-propanediol in pastry was (50.1+6.2) mg/kg (k=2,

confidence interval p=95%). Conclusion The uncertainty of this method is mainly caused by standard solution and

calibration fitting.
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GB 5009.251-2016 { &M Z LB KR BRT 1,2-
P EE R ) TR I E B 1,2-T8 R A R SR
K br e, AR e E M (3% 125 (gas chromatography,
GOYMERERS . LB S . Ui, T, Sl 95k,
AR, TR RIARTL . AP OR, FLR .
B . DR L2-N SRR, RO - R
e, AL E Sy . TR, Sl . R L AR TER b 1,2-
T EE . SR Jr ik A F A R A SE 3%, i FAX

PR N BRI R, 25— A E R,

ARICS BR JIF 1135-2005( A2 40 i A s B v )1
JIF 1059.1-2012 € ) & A 5 i e 5 #on ) M
CNAS-CLO6 k.24 43 H v A 5 BE (0 A i g ) 2D
CNAS-CLO7 { I £ K #f 5 B g 225k ) B LU GB/T
5009.251-2016 M @KL S &S 1,2-T9 ZBES w BT E &
A 1,2-T8 RS I N B, DARA R S0 = i
PR A e, I A SR 1,2-8 R R
AT E EEE RS %

2 MHERE

21 #Eh RS NEE

7890A IS 1AL A A AL U 45 (flame
ionization detector, FID, 32 ZHE{E/\F]); DB-WAX %l
BRI ATER (30 mx0.25 mm, 0.25 um, FELEEEA
ri)); SGHK-500 75078 kA 4 (AU AR T kG R A BHE A B
7> Hl); Vortex-Genie2 B Jiig it% 1R 57 #% (32 E  Scientific
Industries A Fl); AL204 BIH TR (Ft Mettler Toledo
7y F]); KQ3200DE U B4 8 75 I il e 4 (B LU 7 e 7 1Y
A BRA Do

K Z (it aE, 56E TEDIA 2Aw]); 1,2-8 " Eks
HE S (4EJE 99.9%, Sigma A H]).

FERACIR: T IS B3 Sl R B
22 ZWHE
221 AAEEL&H

PERECIIRE: 230 °C; FEiR: RILAFEIR 80 C, f#4F 1
min, LA 20 C/min #EFHRZE 160 C, {4 2 min, FFLL
15 “C/min HHETHRZE 220 C, 144 10 min; KIESHEE
240 C; HA KA, HHA, WA 1.0 mL/min, &<
FiE 40 mL/min, 23S i 350 mL/min, BWS(N,)FE
40 mL/min, ZMAFE 10:1, FEREATUA 1 L.
222 ISR Y B

HERRARIL 1,2-T9 b 1.0141 g(4li% 99.9%) &
F 10.0 mL FEHH, FAIKZBEEIFERZLE, %
2], BCRCBT R BE N 101.3 mg/mL FRifEfl 0. THERA IR
1.0 mL & 100 mL A=), FAIKOFEEREZE, #5,
33 FE O o 1.013 mg/mL AFRIE TR

2.2.3 AR £k B A

A3 S0V B W B 1,2- T I bR UE LA U W (1,013
mg/mL)100, 250, 500, 1000, 2500 uL 43 %1% T 50.0 mL
HEMH, MATKCERBEREZE, 75, 53 REk
FEAM3 R 2,026, 5.065. 10.13. 20.26. 50.65 pg/mL AY%R
HERINEW
224 HEmETAE

IRE R BB B, R FRIBUR 51 5 gORS  2)
0.01 g)% 100 mL HEEHETEHH, A 50.0 mL Jo/K LB,
WHER ) 2 min JEARHIZI 40 min, #F#E 1 hJ5H 0.45 pm
A HUAHUEBE S ug, FRdl.
225 H&tnhit A

FrRUERIZR 2 GC 40Hr, L 1,2-TN RSy T AR 1,2-
PN T R R bR v R . R 5 TRV A TR A A
Jo, AR SR U T R A BRUE R R, ST A 20 R R
Bl BJGTHEAENT 1L2-R R R RO . RS
AN

X=CXm><11/000 % (1)

K XOREE R 1,2-8 ZFERY & & (g/ke); CNIRFRIA
1,2-TF 0 R (ng/mL); V oRiREEE BAARFA(mL); m
SRR R (2); 1000 M8 R

3 HERE5SH

31 THREEHIKIES

R4 0 22 1ok AR FVBCF B, Ay Ik R AN B R
SRR LA JLA T

(1) B iR B 5| ARARTEE u(C), EZ R
WEV BT AL . PREY AR L . PRUEAR SR R RIS B .
HERFE B AR Ef LGS @ MEER
PEBIARIARHE FEwX); (3) FICERFIAMARHEE wR);
(4) FESFREBIAMIATERE u(m); (5) HWBEIEI AR
WEE u(V),
32 THEEWSFITE
3.2.1 MR FRE(C)FI N T T

C AN E B B AR 1 22 91 VR G T C il 27 A= 1)
AN A B R p B o R R L ) B SR AR C S R IR
- e N O v b S A L oK R < e R N
it 3 VR R T LA I o o T 2 VS W A L 3 2
3211 AFEAE SR BB AR A G0 R TR u(C-1)

WERAFREL 1.0141 g 1,2-T5 AR e Sh (LB EE 99.9%), F
TK BRI ERZE 10 mL, BRI FRREWKE S 101.3
mg/mL MIFRIERE AT

PR Sb 20 B 5 A AN 8 B AR AR HE SRR TS, 1,2-
N BRI AR 220 0.2%, RIS, |
S BET | A B FIAR X AN 8 B 53008 u(p)=0.2%/
V3=0.115%, u,oi(p)=1(p)/p=0.115%/99.9%= 0.00115,
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FRUESARE S A B E B AR S I, 5256
R R ARVF IR ZEN£0.5 mg, F MBS0 MHE, BR
BRI S S AR ASH R B FIA XS A0 E B 38 u(my)=
0.5/7/3=0.289 mg, t,e(my)=u(m,)/m;=0.289/1014.1=0.000285,

FRUESE 2 R BB A AT ERE: 1IG 196-2006
CH B E ) U9E, 20 CHY 10 mL A A 7 i
f22EHR£0.020 mL, R AXFRAAG, HAbRHER € E R
”(VV)z% = 0.00816 mL. SZH 3 MR H(20£5) C, Tk
AT R BN 1.1x107 °C', R IR Sh 21 5)
O3, k=V3, # 10 mL 75 B i iR 5 R AR BUR o
ﬁmmkﬁﬂ§%39=oom8m¢émimeﬁﬁm%
KRG AT ERNSHEEN: w=
YOO0SIEH0031E _ ) 03728,

10
F 588 28 VRIS T A B AR v A o

D (1) + 1 2) + (V) =
1/0.001152 + 0.0002852 + 0.003282 = 0.00349.

3.2.1.2  AREARERARAEILAR A G A E u(C-2)

F 1 mL BAPRZ Mt R B A 1 mL T 100 mL 2%
WA 20T, FAJOKCEEERZEZIE, w5, 153k
B0 1.013 mg/mL PIARIE TAERR W H IR 513 A kb B, B
B HL R BV S5 | AR B LR 1.

D] F i 5 TR R e R P A AR AR N 2 BE A

Uy ol(C-2)== J Uy (V1,jT:7J<ZN%) X 2+ uly Voo kz.me) =
4/0.005142 x 2 + 0.003232 = 0.00795

3.2.1.3 AR & PR B A 1A 5 A 0 R R u(C-3)

A3 9 o e R B 1,2- TR B R DM U MR (1.013
mg/mL)100., 250, 500, 1000, 2500 puL % 50.0 mL %)
i, 530 R e BE A BN 2.026., 5.065 ., 10.13 ., 20.26, 50.65
pg/mL PIFRIAE R

TR A iR 2 B2 11G 646-2006( B IR 2546 & #LAR )
USIRBESR, $ MR8 51 3 A Ab B, DY B FL SR E 9 3h 51 A
AN 2 B L3R 2.

®1 ERMERERIEDPSIINNAIHEE

Tablel Uncertainty resulting from standard stock solution dilution

TiUH (50 R TeoK L) I mL BABRZE I A 100 mL 25
R AR E/mL 0.007 0.1
20 i 2 AR 0.00773 0.1~3
AHIERE w(Vy)/mL 0.00404 0.0577
IR 2E/C 5 5
— j‘mkl@%ﬁifﬂﬂ%ﬁ-lﬁ%ﬁﬂ kel C 1.1x107 1.1x10°
AT BoikewX 5% 1/v/3 B rkzmX 5% 100//3
REERE u(Vr)/C 0.00318 0.318
ARXT B A E L (V) 0.00514 0.00323
F2 MERTIBREHEESINNTREE
Table2 Uncertainty resulting from standard solution preparation
1iH 100 pL BB 1000 uL B4 1000 uL S i#E 1000 uL B574% 5000 puL F5ias
BIUARYmL 0.1 0.25 0.5 1 2.5
2 A% £2.0 £2.0 £1.0 £1.0 +0.5
R AR 0.1x0.02~/3 0.25x0.02~/3 0.5%0.01~/3 1x0.014/3 2.5%0.005/3
AHHEE w(Vin)/mL 0.00115 0.00289 0.00289 0.00577 0.00722
B Y% 1.0 1.0 0.5 0.5 0.2
Giv-1c AR 0.1x0.01~/3 0.25x0.01~/3 0.5%0.005/3 1x0.005/3 2.5%0.002/3
REEE u(Vin) 0.000577 0.00144 0.00144 0.00289 0.00289
IR/ C £5 £5 £5 £5 +5
T"Tf‘ )ukli%‘ifﬁﬂ/ﬂéiﬁ%i& 1.1x10° 1.1x10° 1.1x10° 1.1x10° 1.1x10°
3 AR B rrenx 5% 0.1/V3  foukenx 5% 025/V3 frkewx 5% 0.5/V3  fxenX 5% 1/V3 faxenx 5% 2.5/v/3
R w(Vr)/C 0.000318 0.000794 0.00159 0.00318 0.00794
AT A AR EE we(V) 0.0265 0.0333 0.0180 0.0240 0.0278
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B 24 iR AR I 2 4l

%8 &

D) i o 7 2R 270 3 YR T ) Ao R 7 A ) A X R S i
Ry
urel(C'3):

o (CG—C) ’ =1555; & A 2> =) W AT 3 A
L) 00153, MR u(C)=

u(C-4)=0.0761, 1, C-4)=——
0

\/ufel(vloo) + Ul (Vas0) + e (Vsoo) Hule; (Vinoo) +ttle; (Vzsoo)

= 10.02652 + 0.03332 + 0.01802 + 0.0240% + 0.02782 =
0.0590

3.2.1.4 AFBEMEINE T AR u(C-4)

5 PR R E 4> B 2,026, 5.065,10.13,20.26, 50.65
pg/mL [ 1,2-N ZFEbR e RGN, EEWE 2 &, it
Excel B HIATS SN R AR A=aC + b, Hip, a
SRR, b ONEIE, W B SO RN 3 PR . By
1,2-P9 ZRERARE SR, XEREIAL S s ik B C, AT 3
WEE MR, HEERLE 4, WhirELIE AR RAR
WA

(Co—C1) ’

SR (GG

2

u(C-4)="2 ji +24
S Sy ABRYE T BV 2 OB ME 22, HEHT
Sy (BB, S, A Hh 5 R

FETRLINE 2 3, n=5x2=10; p WAS Cy MEVHL, p=3; €,
— 5 ¢
B M 0 Y R R v L G =T = 1763

\/urz"el(c — D +ufe (€ —2) +ufe (€ =3) +uf(C—4) 7]
TR BRI C 5 IARIAHIERE, HCREIE 5.
322 MEZTLHSAEGTHATE ulX)

TEZS PHRRE N 1,2-8 AR RIS 2 & 1,2-0
T 50.65 mg/kg WIRE, SEATINE 10 K. K EENE M
X E X, bR E R 2 S(X) 45 R AT A 2 SR
u(X)=SXYNTOH wpe(X)=0(X)/X, THEALFE MRS A
AN B FOAH RS AN AE BE, A% 6 s
323 WE AW RHE L u(R)

B A 206 v i 0 i [RTCR S5 8 T35 6, Ty
EICRR . BRIER 2 S(RYAEHRA AL u(R)=S(R)NTO
M w(Ry=u(RYR, THEAFE] ENSCR G A WA E BE AN AT
AN E S
3.2.4  FSuARE F A RHEE u(m)

FRELS g B iR, ROPRMEIEAS UL f R feiF iR 2
7 £0.0005 g, F& B ¥y A4y A 3F B, HOK B & B
u(m)=0.0005/+/3=0.00029 g, AHXFAHHAEE wtyei(m)=uu(m)/m=
0.00029/5=0.000058.,

®3 12-AERERZRIE
Table3 Resultsof 1,2-propanediol standard curve

EERlllk Aty PRUEVE BT R C/(png/mL) UETATFR 1 IETAIFR 2 (EVEpEES AACFREL -
2.026 1.41309 1.44647
5.065 3.41861 3.42075
1,2-N 10.13 6.83446 6.89077 A=0.6719C+0.0714 1
20.26 13.78617 13.79369
50.65 34.11894 34.01585
R4 PEMHE RN E IR
Table 4 Deter mination results of positive samples
Rl i) Frpeiit/g U R Bt C/(ug/mL) S BTEHSE C/(ng/mL) V-3 7 B X/(mg/kg)
4.9607 3.40750 4.965
1,2-79 4.9682 3.40407 4.960 4.967 50.06
4.9524 3.41412 4.975
x5 WHNHMRERE CIINNIHEETERXEE
Table5 Calculation of uncertainty resulting from analyte concentration
FEAL S Sk a C/(ng/mL) Uye(C-1) Uye(C-2) ,e(C-3) Uye(C-4) (e
1,2-15 % 0.0698 0.6719 4.967 0.00349 0.00795 0.0590 0.0153 0.062
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AR, S AR RS S 1,2-T8 Bt AN B PR E 2411

325 WHWRBREBEAEGTHTE u(V)

i ORI 7= A 0 AN 2 B 32 3 o i AV TR AL
A BERE AR o 2
3.2.5.1 EEANER AT HEE u(V)

FESERATA 50.0 mL Jo/K Z B 25 B f2 25 M+0.05
mL, % W ¥ 5 4 ik 5, BN EE
#)=0.05/4/3=0.0289 mL; i B A5 Ak 77 A 1 Jo K SRR
A F BRI ST AT, AN E B u(V) 0)=50%5 "Cxp
w3 =0.159 mL.

FE RN TCIK SR 5 | AR ANT) 22 R X AN 52

(V)= Juz (V, ) +u2 (V, 3y )=/0.02897 + 0.159* =0.162 mL.

(V)= u(V1)/50=0.00324.,
3.2.5.2 ALBHAIRIRE A6 T T u(Vs)
A TS U P A8 Ao 2 AR 2 110 25 R A o) s 1
22 0£1%, FHE0A, WHM RHHEE wu(V2)=1%/3
=0.00577,
AR A B BSIAPAX R#0E N ua(V)=

\/ufel(VJ + uZ, (Vy)= V0.00324% + 0.00577> =0.0066.
3.3 HMHEMIRERNHEENA R

GC R RE 2 B 1 1,2-4 W XY AR B 1
L 7.

£6 Hoh12-AZENESER
Table6 Determination resultsof 1,2-propanediol in pastry

b= FREEEE (2) g C(ug/mL) £ X(mg/kg) [EICE R(%)
1 4.9884 5.038 50.49 99.69
2 5.0008 4,982 49.81 98.34
3 4.9949 4.950 49.56 97.84
4 5.0002 5.003 50.03 98.78
5 4.9769 5.014 50.37 99.45
6 4.9772 5.016 50.39 99.48
7 49898 4.961 49.71 98.15
8 5.0005 5.048 50.47 99.65
9 5.0016 5.018 50.16 99.04
10 4.9842 4.991 50.07 98.86
- E 4.9915 5.002 50.11 98.93
P 2 0.00966 0.0315 0.330 0.654
AN E 0.00306 0.00995 0.105 0.207
AR AN 5 JiE 0.00061 0.0020 0.0021 0.0021
T AHXS AN E BE T AL
R7T L2AZENENTHEESTE
Table7 List of relative uncertainty components for 1,2-propanediol
AR A T i AN FE SR A AT AN 2 BE 43
fith 5 R 0.00349
At 25 TR 0.00795
Ui C) 0.062
T 1 22 9 Vs W 0.0590
PR 2Bl 0.0153
tre(X) 0.0021 W 0.0021
urel(R) 0.0021 )£ [ IR 0.0021
Urei(m) 0.000058 FE T FR 0.000058
EREFIMA 0.00324
Urel(V) 0.0066
ISGE HEREAR TR 0.00577
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H N 2y Uerel( X)= Standards press of China, 2013.

Jufe,(C) 2, (R)+1i2, (R)+ul, (m) + ul, (V) 3 55 7 1%
1,2-TH 2 A0 4 BORE X b o R B B, A A W
u(X)=uee(X)* X, GRIN T 8,
34 RAMEERERERR
HR 4 JIF 1059.1-2012 I i A8 B e 5 320w, Tl

95%HY B, AT k=2, W) 1,2-8 —EE SRy R
A E B U=u(X)x2, HILRE] GC LD ERE S B S 1,2-
B\i s gt R, IR 8. F GC LM ERE S fh P 1,2-

TELE A R X =(50.126.2) mgkg (k=2, EH1Z X Al
p:95%)o

#8 12-A_BIHELTEER
Table8 Uncertainty evaluation for the deter mination of
1,2-propanediol

TiH £
A BMIRS ATE E terer(X) 0.062
B IR E L u (X)(mg/kg) 3.1
SR (mg/kg) 50.1
P IEAH i U(mg/kg) 62

K2 e (k=2)(mg/ke) 30.126.2

4 R

JaE N R S A T N R A BT vk, BRE IR A
5 S P 2, A S ARG I 5 A ) o E A P AN T e 1
WZ . AR T GC EMERE s T 1,2-IW B
fifi e BV ik, DA i
s il oy I T

SR AR, R, $REC. GC IS AR a5 A
ANHRERE o AWRAHE BE RIS F 20T T e . AR, &
TWECH . B, EAEWE . FICRER RN ARHEE, 45
TR S 7R YT 194 TR o R0 o o 2 400 AN A BE 1Y) Dk
Tk, HUCORARBUR IR . R I T A [T |
AW E BE A it . DRI, AR SEBRER Al A b, a3 5 1
JbR i 2R NI B, S0 ATRE S, B
YEN BB ERAE R BE, U/ NI AN R B, AR I AG I 25 A
MR T

SE B

R 7 4 W S 1
Jkt, 2013.
Yang YH. Food additives technique [M]. Beijing: China Quality Press,

1R PR R AR 4

W PR M. Ab: i B BAG H RkE L r E bofe

RN,

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Wk, 259y Rbn s R M. Jbat b EEE 2GR H AR, 2011,

Yao J. Application directory of pharmaceutical excipients [M]. Beijing:
Medicine Science and Technology Press of China, 2011.

2T, TRIRKR, B, SF. EELFUEME P INPT RO B #
Je i FABIFSE[T). TR, 2013, 175(6):147-148.

Lan ZY, Zhang JS, Peng Z, et al. The impact and application of propylene
glycol added to cellulose acetate cigarette filter [J]. Light Ind Sci Technol,
2013, 175(6):147-148.

SRR, ISR SR A M. deat: JEat TR ik, 2004,
Liu C. Practical of food additives [M]. Beijing: Beijing University of
Technology press, 2004.

VRSCRE. S ASIGIFMIMI. 5T Ak Tolk AR, 2003,

Ling GT. Handbook of food additives [M]. Beijing: Chemical Industry
Press, 2003.

GB 2760-2014 X ih & EFARME 12 SR8 FARIELS]

GB 2760-2014 National food safety standard-Standard for uses of food
additives [S].

GB 5009.251-2016 A2 [E bR £rah 1,2- il E[S].
GB/T 5009. 251-2016 National food safety standard-Determination of
1,2-propanediol in foods [S].

VFRRAE. SN R 00 2 D R R A L 2
A LA FURAEAR, 2017, 8(3): 1013-1017.

Xu RR. Uncertainty evaluation in determination of inositol from

AN BEPRAE [J]

functional beverage by gas chromatography [J]. J Food Saf Qual, 2017,
8(3): 1013-1017.

i, R, SRast, A T WRIE I E S R
PERET]. B b A4, 2016, 7(3): 1011-1017.
Dong Z, Li MY, Zhang HL,

AN 2

et al. Uncertainty evaluation for
determination of lead in pickled vegetables by atomic absorption
spectrometry [J]. J Food Saf Qual, 2016, 7(3): 1011-1017.

JJF 1135-2005 A2 43 Ml st AN BT RE [ S].

JJF 1135-2005 Evaluation of uncertainty in chemical analysis
measurement [S].

JJF 1059. 1-2012 A E BT E 53R[S]

JJF 1059. 1-2012 Evaluation and expression of uncertainty in
measurement [S].

CNAS-CL06 k274387 Hh N B2 i iPAl F8 ra S .

CNAS-GL06 Guidance on evaluating the uncertainty in chemical analysis
[S].

CNAS-CLO7 A RE JE 25K S]

CNAS-CL07 Requirements for measurement uncertainty [S].

JIG 196-2006 “if FHZEHEHEAR(S].

JJIG 196-2006 Working glass container [S].

JIG 646-2006 B #4[S]

JJG 646-2006 Locomotive pipette [S].

JETG . Excel £ELRME MIATEIN B & BE V€ R TI[T]. BALAG 3
(fk2z40 ), 2005, 41(9): 678—680.

Fan QC. Use of excel for evaluation of uncertainty of the results calculated

from linearity regression [J]. PTCA (Part B: Chem Anal), 2005, 41(9):



5574 AR, S AR RS S 1,2-T8 Bt AN B PR E 2413

678-680.

g i, Bt fiRA, TERARA
EARREEEN.

E-mail: caojin@nifdc.org.cn

(TR 452 A 3m)

ERY, Mt, TEHP, TEMAR T &, EEHW, EEWRAE
FRARBRE®RN. AERREERN.
E-mail: gaojiamin@nifdc.org.cn E-mail: dinghong@nifdc.org.cn

HRY AR RY Y Ry Y AR ARY HRY Y Y Y HRY ARY HRY HRY RY Y Y oY AR HRY ARY Y Y oY) ARy AR ARY AP RY Y Y oY ARY HRY Y Y oY oY Y AR ARY HRY Y Y oY) Y ARY ARY RY Y Y Y oY HRY Y RY R Y

(RaiBBERMPEEE) EHBER

REERNR, REE N ERZ S RBOFIEE TR TIRTE, ERECARNE 7XE s 2 eming i, H
“BAZTLATFR, —HEMEEMVEMEURBIER ., B, hiESFFRAIEHEEAR AN, Snies
WO, S35k, BV R AR KA RIBEN, S0t A Mg RN A i it ™ R

ST, AT T BERBRE|EYHhEEE LU, it ERREER BB A b K R
REEE 4, TEEFESOERRAY . A%, BRA% . BRA¥SaMA¥ T EERRBHhES
RN, (QEHRENTER MBI E PR, QEYBRENII K., ERBREHE Q'YH
FIFE A BRI AR A A A SR B X ER I 116, THRI7E 2017 4 10 A i,

BT RAER IR T | I RETE 2 P I ZE 2RI R, A TIRRSIE EON AL BURE R, 25k pHe 3.
SRR AT, DU — D3 X & B AR TR FIE R ) o 5 7E 2017 48 9 A 30 H i i) /2 5, E-mail %
Fir o FRATTHF PR b BRI 22 ¥ R B8 S LY R 3R

iwA:

W% : www.chinafoodj.com

E-mail: jfoodsq@126.com
(RS2 AN FIRY) 4483



