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Uncertainty Evaluation of the Measurement of Theanine
Content in Tea by HPLC
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(1.National Tea Product Quality Inspection and Testing Center, Sichuan Ya’an 625000, China;
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Abstract: According to the provisions of GB/T 23193-2017, theanine content of Mengding Ganlu tea were measured by high performance liquid
chromatography in the current study, and a mathematical model had been established to analyze and evaluate the uncertainty evaluation of theanine
content. To improve the future measurement work , by analyzing the source of the uncertainty of the sample and deducing the calculation method and
steps, the evaluation method of the measurement was established, and the main component of the uncertainty was found. The evaluation results found
that the uncertainty caused by the analytical instrument was the largest, followed by the standard curve fitting and the recovery rate of standard addi-
tion, which indicates that these main factors should be controlled during the measurement.
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1.2 KEHE

FE SRR 1 454% GB/T 23193—2017 1 6.1.4 1
FUE PRI g (MERTZE 0.01 g) BERFIRFE T 200 mLgS
FRHR Bk 2518 K 100 mL, 76 100 “CIEIE/K G 12
$230 min, 1, R 2 100 mL AR, 205,
FAKERZZIB WA . F0.45 wm (7K AB T
FLUE RS I U8 ) B SRR T, 2R ) HEAT WA 3
3T BT AT LA TR -k BE AR BT, 2 il A v il
SR ANl 0= 5 A A FHAS 2 A% [l 05 e i ok ) e A
v P9 U TR RELSR R AR T (VR o AR T R R T
{18 W) 7 {257 17 SRS 2 1 4 P Y TR =2 A
1.3 @ifgy

5 . DIKMA A F] C (A% 4 5 um, 4.6 mmx
250 mm; B : 100% 217K (A),100% 25 (B) BBEEBE
Biio Vi : 1.0 mL/min; BRI 40 °C iR 10 wlL; 5]
WK 2210 nmo FREGIRIE A IR 25 °C IR 65%.
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X=(CxVx1 000)/(mxwx1 000),

K

X——FE S AR &R & 2 (g/kg) 5

C—FF b W B2, R 00 75 Py e i B DA 4 i
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V—iR S (mL) , AN 5 4 100 mLL;

m—— ARl (g) 5

w—FER I TR A (%) .
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3.1 BHIARAAE &R T I NAYARAT R A JE urel(S1)
FRICL-Z5 &2 0.05 ¢ CR5 A1 %1 0.000 1 ) , K

B IE R E AR 2 50 mL A wo i b B840 o bR
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AW 1 mL5A 1 mg RS E AR

1) b v ot £ 4 58 TG — AR v A B R AR R
BE FEE R 0.5%, AR K=v/3 , 3FRiEs T A
(A XA VAN 22 B urel (b,)=0.5%/y/3=2.9x10,

2) LT R (0.1 mg) K a2 UEAT 1, 2 FR 5 7E 0~
50 g B, 2% 22 0.0 mg, EEE M 0.1 mg, /n{H 1% 2%
0.0 mg, 1] 75 u=v/0.1°=0.1 mg, A7t K=v/3 , 1§ K
SPGB LA BRI AR X AR VS G BE urel (b,)= 0.1/4/3/
0.05/100 0=1.15x10"?,,

3)EZAH 1 50 mL 2 5, 32 A SRR
KR AR A B

50 mL A 45 iR oK 222 +0.05 mL, A
K=v/3 AR ARG T | A AR B 1,=0.05 mL/
J/3=0.028 9 mL.

TC bR A 28 VR , 206 2 3 U 25 °C, i 9
5°C, KRB K R 50k 2.08x107 C, AU K=
V3 AR KRR A A B A BRI FR AN S B u,=5%
2.08x107*x50/y/3=0.030 mL.

St LA 25 5 | 62 B AH XA HEAS B 5 B2 urel () =

ul® + 122/50=4/0.0289" + 0.030> /50=8.33x10™,

ZRE 3. L1 TR BB A 2™ A AR AR

AHEE urel(S1)= [ urel(b,)* + urel(b,)* + urel(b, )’
=/(29 x 107 +(1.15 x 107 )* + (8.33 x 10* )=
3.23x107%,

3.1.2 B AR R AR R 51N 69 A8 2T R A TR
urel(S2)

% H0.0 mL, 0.1 mL,0.2 mL, 0.5 mL, 1.0 mL,
1.5 mL, 2.0 mLARERE R, 43 5 IN/K E 45 %8 10 mL,
FEAT il bR UE TAERR

Jic ol B oA T ARV v R b, 2] 1 mL B R
B A KM 10 mL A8 A 2%, Hg H B9 AR A
B e FE AR B 5 3. 1.1 (3) A ] .

1)1 mLEEHRAE A A2 H+0.008 mL, AL
WE KV RO A AL I 5 LA R BRAEAS B 22 430 0
0.004 62,0.000 615 REmS ) , & AHRTFRIEATE
[Zurel(n,)=/ 0.004 62> + 0.000 67/1=4.66x107,

2) 10 mL 45 5 i A P8R K 25 7+0.02 mL, 14
FRREHE AU W B2 AR AR BT 5 | A B T AN 5 B
J1240.011 5,0.006 0TS FREE ) , A BUHXARIEA
W52 B urel(n,)=4 0.011 5% + 0.006 0>/10=1.30x107",
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N N
(4.66 x 107 )* + (1.30 x 107°)* =4.84x10°,

3.1.3 ARl &I AF NG ARAT R # R urel(D)
FH HPLC I 5 Jir i 1] 79 s 9 AR 395 YA 1 06 T

TR RN BE I 2 3 Y, 3 S Al 28, 6 e i, 3t

WAE 18 IR o MR fe /N —3fe ik AP e T AR 545

10 97 BN - y=53.483x+0.071, H & R B R2 =

0.999 8(F% 1),

urel (S2) =/ urel(nl)* + urel(n2)*=

R1 IR EHE

L gl

e . JwE PR e
/(mfn):L'l) ”j(l’iigﬁ P JFEJ; PR
0.01 0.606 0.528 0.559 60.84x107
0.01 0.606 0.580 6.76x10™*
0.01 0.606 0.569 13.69x10™
0.02 1.141 1.095 1.123 21.16x10™
0.02 1.141 1.156 2.25x107™
0.02 1.141 1.117 5.76x10™*
0.05 2.745 2.740 2.785 0.25x10™
0.05 2.745 2.823 60.84x107*
0.05 2.745 2.791 21.16x107*
0.10 5.419 5.408 5.451 1.21x107
0.10 5.419 5.507 77.44%x107
0.10 5.419 5.437 3.24x107™
0.15 8.093 8.117 8.152 5.76x107
0.15 8.093 8.224 171.61x10™*
0.15 8.093 8.115 4.84x107
0.20 10.768 10728  10.702 16x107*
0.20 10.768 10.905 187.69x10™
0.20 10.768 10.473 870.25x107*

iﬁ?:ﬁ%%ﬁjﬂ[y—(bx+a)]zo
T M 2 7 £ 130,088 .,
STy, — (b, + )] =1531x10" SR

i=1

5| R PR AR AN 2 B urel (D) o

urel(D)—_ /1 i
P n x

(x' —x)2

=8.30x107,

2[ (bx; +a}2

n—-2

=9.78x107;

S. = >, - x)=8.61x107,

n s BRUEE T I B, n=6x3=18;

p BRI EL, p=10;

o FRIE VR VA E (17 {8, v=0.088 mg/mL;

X REANRE B :2'=0.06912mg/mL(FK 2)

b: TAEMZ RER ,5=53.483;

Jo AR, R W a8
32 HRAERNEFRSIANNECAIHEE
3.2.1 HSZEARBRIING AT R HZE urel (P)

FE b 2 HT AL RS B ETE T 100 mL A A 9075
FHHEITE 2, H10.45 om 9 ZACRE T0FL 8 B 2ot 11 3]
F Bt RER D, SRS SRR 4

FEZF 100 mL 25 5 AL & IR BRI M /K VS W it
BEAR AR 2 S AN B B A Ok R . T AR R B [
3.1.1. 100 mL %5 8 A 9 i K /o 25 7 +0.10 mlL,
DG AR T A R T B 728 A 5 ) A R s o AN T
FEJE 45 0.057 7,0.060 5T FEmE ) , BIF L, B
sty A B 3o R A A AR A A AN 6 5 JE arel (P) =

0.057 7> + 0.060%/100=8.32x10"*,

322 H&AREFI NG AR A T urel (F)

TR 3.1 1, A FREEE A 1.0933 g(322),
D) S S o 118 A X5 s T S ) 28 T urel (F) = 0.1/
/3/1.093 3/100 0= 5.28x10°°,,
323 AT A MM E T NG AR urel(G)

LIS 1 S5t 2R TR, SR RS A
10K, A2 & e A T 25 R (g/kg) W3R 2,

®2 MR

iblﬂ; e W 7 7%%‘?@2 T FREEE CPIEIRREER O RERE ¥ﬁﬂ£$ﬂ] A B i 1

WHL (mg-mL™")  (&)(mg-mL™") /% /g /g /(g-kg ') /(g kg™) Z)y
1 3.679 0.068 0 0.069 12 94,564  1.094 3 1.093 3 6.5712 6.679 5 1.17x107
2 3.756 0.069 5 6.716 2 1.35%107
3 3.756 0.069 5 6.716 2 1.35x107
4 3.799 0.070 3 6.793 5 1.3x107
5 3.787 0.070 0 6.764 5 7.23%x107*
6 3.738 0.069 1 1.092 3 6.677 5 3.88x107°
7 3.688 0.068 2 6.590 6 7.91x107
8 3.711 0.068 6 6.629 2 2.53%107
9 3.729 0.069 0 6.667 9 1.35x107
10 3.732 0.069 0 6.667 9 1.35x107
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FEARAR IR S EAMEIRZEARE AZR DL ZR AN

[ -, [0.045348 _
Sxi_«/n—l (x1 x)—/ 9 =
1072, 52 52 P e A bR vEAN B 52 TN -

S.,
u- =S =—2=7.1x107//10=2.24x1072,

n

7.1%

S5
% urel(G)= —=2.24x107/6.6795=3.36x10",

33 MmTYRESEMNESINWEXNAHE E
urel(N)

5 B i W Jo i A M T ) AR S A
urel (e ) FI T 97 AR 15 | A AR AS 72 JiE urel (£)
(7] i, 15 i o ] R

x3 THUREEHE

PR e FE T R LA Tk
Jiite/g Jiiie/g i LB /g /%
35.2390 2.1022 37.226 7 94.553
36.3912 2.246 9 38.5162 94.575

331 BT R E AN E 5N AT R A
JZ urel(e)

A% GB 5009.3-2016 A ELR , B b 4 J i 57
D 2 0, DU o o A P )l e s v i 2

SeZ/ni i - =

(94.553 — 94.564)* + (94.575 — 94.564)*/1=

0.015 556 % , T & 1 (1 A B 2 1 u (r) = St/v/2=
0.015 556 %/y/2=0.011 %,

RE S T4 -4 755 94.564 % , W) 8 2 MY
FHXTANHE B urel(r)=0.011 %/94.564 %=1.16x10"*,
332 THRMARB NN R A ZE urel (1)

FRAFEFR = A AR AN S P T T A] 3.1.1,
T RAEAEE R 1(a)=0. 1 mgh/ 3/1000=5.77x10" g,

R4 GB 5009.3-2016 (14 ZL3K , ff FR 2 L& T
101~105°C T4 th N 1 h J5 , B TR es N B 4
0.5 h, Frit , IFEE TR 2Tt 22 A 2 mg,
RIAE T SRR, B AR R SRR 2E(EN 2 mg,
i BRI (3550) A v A 1H T i IR A oA 1
SEFE u(2)=2 mg /100 0/4/3=1.15%10" g.

Ty I A 3 IRBR BT B, 43 i TR
ik e UL R B, R SR PR T, TR R AR R LS

R E TR AR
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DT 4 w5 R & L fE BT & W & T K OF
FEE FE &, i u(ae )= Ju(a) + u(z)’
=/(5.77 x 107 ) +(1.15 x 107 )*=1.151x107 g,

PR L2 i oM 35.815 1 g, urel(q,)=1.151x
107 ¢/35.815 1 g=3.21x107°,

2) A FR A S R AT G il (a) = u
(a)=5.77x10" g,

FE b T W) BV B RRAE B R 2.174 55 ¢, 15 K
PRt 1) RH X A T AN 5 5E T2 urel (a,) =5.77x107 g/
2.174 55 g=2.65%x107,

3) TG PR LS R A E T A, 6155 T KRR
wEAE R, 15 u(ay)=ula,)=1.151x10" g,

TR I PR TS R P24 5T O 37.871 47,
urel(a;)=1.151x10" ¢/37.871 47g =3.04x10°°,

T4 K B A R SR EAS B 22 S arel (1) =

urel(al)® + urel(a2)* + urel(a3)*=

(321 X 107°)* +(2.65 x 107 ) +(3.04 x 107 )?
=5.15%107%,
LA 3310 M 3.3.2 irad B b T4 o B I
5| 3B () A AT AN B 52 JE urel (N) =/ urel(e)? + urel (1)?
=J(1.16 x 107)* +(5.15 x 107)*=1.27x10™,
3.4 MAREIENE S| NI AT E B urel (R)
XPRE A FEAT 6 By IARAEF-A7 00 5 , 3153000 7 25
MDA 2R WK 4,
T4 MARE R FITIE

B (mfi | R qﬂg/’;;”&
1 6.395 0.1186 99.0 100.5
2 6.448 0.1196 101.0
3 6.379 0.1183 98.4
4 6.448 0.1196 101.0
5 6.502 0.1206 103.0
6 6.432 0.1193 100.4

ISR BRI R 22 AR P A 28 D1 ZE /R AU
1 . =\ [2.684
Sxi=/H2(xl -x) —/5 =1.638%,

T [T )t A bR AN B B

S
u(;)zs(;)zfr‘ﬂ.638%/@:0.6687%,

n

|1 -] |1-100.5%]|_

Wl e 25 0 H) W . o= 0.6687%

(x)
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0.747 7<1(0.05,5)=2.571,
2 UG RS SRR A R, WA

S
urel(R)= —2=(0.668 7%)/(100.5%)=6.65%10"",

3.5 SHUERBIEX A E E urel (K)

A0S A R s b S Bty E B E A MR IR2E

Urel=3%, k=2, 1% urel (K)=3 %//3=1.73x10"2,
4 ENHEMNAHEE
MY 5, & BT A E E

x5 THEEDR

P e P11 ) AL el
FRUES A
RS arel(S1) TR BT (1951) 4M 1 a3 3.23x10°
AR
B
R TR urel($2) AR BRKEIE ($950) 40 a3 4.84%10°
H B AR
bR &5 urel(D) BIA ML AZEDFEIRA A V’ ! 1 Diwi—x)? 8.30x107
-
AR AR
FELE A AR urel (P) B AR BRI (1957) 401 a3 8.32x10°
e AR
FE R urel (F) RV BAETE (4] 434l alJ3 5.28x107°
B T P urel(G) i AKIUIE/RA R | LS -y 336x10°
A AR ARk LS - 3y
RS T W B urel (V) vn-l 1.27x107
P =i BAHEIE (350 73 A alJ'3
anes arel(R) It AL SR AR oS- wy 6.65x107
A n -
Fax XNE urel (K) BT EL B IE& R al2 1.73x1072

B AR AN 2 FE TR AT

urel=,/urel(S1)* + urel(S2)* + urel(D)* + urel(P)* + urel (F)* + urel(G)* + urel(N)* + urel(R)* + urel (K )?

=2.14x107,

5 AT RBAHEE

BUE (SR p=95% , LI R [H - k=2, W AH X
P RASHEE FE N Urel=2.14x107x2=4.28x1072,

6 it

AT GBIT 23193—2017 4% M- 45 2 1R 1
TGRS T PRGN AN IR R A B AT T
A, & BEICAR €20 385 70 BT A 2R Y R B AN e e K
T v 1 £ 450 RN A Tl C R 2 v e B ) i ok

AN S FEIR 2, X BE R X 5 I rh 2R 2R 5 i 1)

SRR S A1 1@ 4 U I RIS = SR o P S A

SRS S s, T DU ORI Y C18 AR

TR IE D BT, B O AT R0 RT3 5 s R T o B 1

TR AR, BE RS B S P A R AR L, X

X B A 45 SR ) HER P E A BN S % R L
AU Tl (A8 2R & B2 )5 6.68 glkg,

AHXTH JEANH 5E B Urel=4.28%107,k=2,p=95%.

S 230k

[0 S 26t e LR A 0 B R e B Pz (). il
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