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Uncertainty evaluation for the determination of silybin in silybin tablets of
health food by high performance liquid chromatography

LI Xiao-Lan", PAN Shi-Chao, ZHENG Hai-Rong, CHEN Cui
(By-Health Co., Ltd., Zhuhai 519040, China)

ABSTRACT: Objective To evaluate the uncertainty of the determination of silybin content in silybin tablets of
health food by high performance liquid chromatography (HPLC). Methods According to the Pharmacopoeia of the
people's Republic of China Part 1 2015 Edition and JJF 1059.1-2012 Measurement uncertainty and results indication,
each component affecting the test result in the determination process was assessed. Through analyzing the uncertainty
introduced from 5 aspects, including the repeatability of determination, the preparation of standard solution, the
preparation of sample solution, high performance liquid chromatograph and the measurement deviation of standard
curve fitting, each uncertainty component was determined and the expanded uncertainty was calculated. Results
The content of silyin in silybin tablets was (2.440+0.093) g/100 g, P=95%(k=2). Conclusion The preparation of
standard solution and method repeatability have the most significant influence on the uncertainty of measurement,
which need attention in the experiment.
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K K E (Silybum marianum)f2 3R} K G JE —4E AR BR
TAEAE A . KRR R B ) TR H K CET R
PR 2 AR5, e —2R D A W R 5 R R 2540
ARG TR A C-9 BUR I E il AR i K2Rk &
P2, KRB TEE 4 RS SR AR A R e, AR
T A — P, KRR B R 2 T B e I AR T
B HAT AR . FOIFRIIRAYShAL, AT 67 PR
WA R . EEAEEOR. DR K CE = HA BT
Ak, BUE . Do, PUIDABFIRE I NG S5 2 BTS2, IR H
T X ESE LR A REESFAR O U K AF
FEE i AR, KRBT O TR
Fh T VAR R L R T2 B DAL 43K TR Y X T A
SR = S O R A L L

AW S S A 25 R A RIS 5, RAES HH
T e 00k g A3 L), R R ke 11
AYFRAE, XA B R AT A W B SE ) ik o DU AN
FETFE X B el LER, & AR TEMEZERAR
Y

ARBFFEHEI 2015 AFRR (R EZGL) (—3)M IRk
] K B P I, AR E R AR JIF
1059.1-2012 ¢ W0 42 K 8 2 B W e 5 ® o ) P&
CNAS-GLO006: 2019 { Ak 47 AN 2 1 i PRAG 1 R ) 6!
FER A E T AR Y, @ AR, S
AAHE R i, TP SRR EYE . W] AR e,
06 0 32 M) o 355 A Y 0 K T R K TR
gERW FREREEK, VIR H S S-SR 15 R R I 25 R R
BfE B

2 MREREE

2.1 X5

Agilent 1260 &R AR, SIS . Cis 2
ML FE (4.6 mmx250 mm, 5 pm) (35 E LR A F);
EMS-50 # 18K s 5 ( R TRBRH A R A Al); XP205
LT R (5 0.01 mg, %it- METTLER TOLDEO 23 H]);
EQ-500 8 7 i 1 e e (B 1L Tl P SRR A R )

HIEE  PKZ R (il ali, 75 CNW B2 wl); 7K K
X R (BHEE 96.3%, I 24 AR E PSR BE ) KR
Jr (7 BRI A BR A ), 23 K —Z0K .
22 KWHE
221 RBEMH

WA S F: g M Cg M @S, (4.6 mmx
250 mm, 5 um); H:iE: 40 °C; FEhAH: HEE KK R

=48:52:1(V:V:V); ¥ii#: 1.0 mL/min; iz77HJE]: 20 min,
222 AFfwh&REH

KEOFRIBUK CBT BN B8 5 10 mg FH R AR, T
50 mL BRI, SIS MW, B, HF
FER B ZIE, $5), WREZh 0.2 mg/mL,

KRBT B, #ER2 2 10 mL A8, EHk
R FE Hy: 0.02, 0.04, 0.06, 0.10, 0.20 mg/mL, 1A
B AR GRS, % 2.2.1 RIS, DLk B
C(mg/mL) A A AR, W F(A) PR, FERE S uL, 22
iR HE TR
223 R4

Fa B FRIL 0.15 g WRES A1 AE BT HEEHE S,
KA 50 mL 75%(V/V) KA, FRe B, iniE
Wi 30 min, AH, FFRE, F 75%H BT RN L D8R
W\, $5, 40.45 pm PREFLIERGEE, BI R S VA
WS L EERE, HelB 2.2.1 BISMEA TR . At
T 7 2 B ) R £ 0 (R PR ST (VDR ) ) £ e R o
224 AR

TRARE FOK R ) B e A

X_CXVXK

m

Ao X— ke KRB Z SR, g/100 g V—ilhE
TR ARR, mL; C—IRRE I I /K QB2 1 ¥R B, mg/mL;
m—iVEERY T, g K—BANE G R 8, K=0.1,

3 HREHR

3.1 THEEXRIE
R 4555388 2 5 TR R 3 2 ) R K B A R A S
SRR, N ERIR A 1 FTR
32 FHRAEESETE
3.2.1  E A MRE | AT A9 A AR TR L Uper(X))
ux)EFE: NG, B (UEREE SRR RN
W, FRIEYI, ROV EE ARSI 5, A
DAy (PR NRIGAIEZGL) 2015 4ERR—FBHER, @t
Xof [l — SRR A T2 00 2 N L X S5, AR B, LR 1.
Fe DUFEIR A FTH 3 R S bm v D 220

Zn:(xi -x)?
i1

S, =
! n—1

=0.0419 .

TESZBRIGE TR R AR o, 00 B P K KB
i 2 APATRERS, RSSO, 2 IREE LR T A
AR 2 BE u( X )=S1///n=0.02962 g/100 g,

T 5 5 A P X R R B Uyt (1)=U( X )/
X =0.02962/2.44=0.0121.
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Fig.1 Sources of uncertainty in the determination of silybin content
F1 HRPKIERESEESNELER (1009
Table 1 Results of repeated determination of silybin in samples(g/100 g)
S 2 3 4 5 6 7 8 9 10 11 12 I
i 2.353 2416 2.400 2.449 2.506 2.505 2.419 2.434 2.433 2453 2454 2447 2.44

322 ARBEMR I RGFESHTESE Ua(X)

u’=a/k=0.05/+/3=0.0288 mg, u’,=a/k=0.02/+/3=0.0115 mg.

()FRUE T 2 5 | A E B U(P)

R 7K A o A T E A SR A B DL R R
En S TR A A B 25 SR, R A Al RE TS AR AR X R AN
W BE: K RH] TR AR 2l R(96.3£1.0)%, $#% B ZEATH
EEWEES A4, 85K NV,
Urel(P)=1.0%/96.3%/1/3=0.005994,

ORHER R FR S5 A R AT E R ua(m)

FAHL RO BEAT FR e, K WOH B A e ) R R
m=9.01 mg; FrFHRAEE N 0.01 mg HHER A0 HEUE
By ISR, 2 0<sm=<0.01 g i, REIRZE a N
0.05 mg, i REEMHEIRZE N 0.02 mg, KM, B8
WF RV3, #i B KA E B PEE, beiflE A e

B AR AN E

u(my)= /u‘f +u'5=v/0.02882 + 0.01152=0.0310 mg.

LR 7 o+ < G 7T O N 1 =
Urer(My)=u(m,;)/m;=0.0310/9.01=0.00344.,

(3) b VAV VL TAC T 3 7 3 2 LA M L AT AN
Urel(Va)

FRUEIR I B 25l 1S R B AR B S B 28 50, 10 mL
HPRER A ), 5. 3. 2. 1 mL BARR A, Xyl
b e RS e e R R N NATESE- A ] IS 3¢ ey T 20
2. MR VR, IS nfikiE, GEHF K
V3, TR BE . bR I I B R R A ST A
PIARHRE B, 3R 2.

®2 ERBRREHFEIEEAREIANTHER

Table 2 Uncertainties introduced by glass gauge calibration in standard solution

fil BB AR L IR FeVFIR 22 /mL R S AHXT AR HEAE 2 i fd VAL
50 mL HpRgs R +0.05 0.0288 0.000577 1
10 mL FRFRZS R +0.02 0.0115 0.00115 4
| mL AR IR E +0.007 0.000404 0.000404 1
2 mL BB IR +0.010 0.00577 0.00289 1
3 mL BARREIRE +0.015 0.00866 0.00289 1
5 mL FERREIRE +0.015 0.00866 0.00173 1
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RS A HORCME BN B9 bR ME N B OE E o &/

urel(va):\]ur‘ﬂ(VSO)2 + uI'EI(Vlo)Z + urel(Vl)Z

= . 4 5
Fre) (V2)? + tre1 (V3)? + tre1 (V5)? 0.00645

(4)TR AR AR 5 1A 10 B 55 25 ELAH XA v AN 1 2 B 43t
Urel(Via)

SEIG IR A T (2045) °C, ZIEMIIE K RECH
1.24x107°/°C, MK ARVFRE, BB, K
T K=v3, R AR HE A E B u(V)=Vx1.24x
107°x5//3.

RIS AR A E E Uret(Vi)=U(Vy)/V=1.24x107x54/3
=0.00357;

S0 5 I AR A5 LA 11 B B e AR X s o S

S U (Vi) = 79 X Upel (Vi) 2= /9(0.00124 X %) 2-0.0107,

bR E 9 BT 51 A B A X AR HE S B2 Ua(X)=
Vitre1 (P)? + ttrey (M1)? + Upe1 (Va)? + ttrey (Vea) ?=0.0116.,
323 KRB ZAH T A AR TR L Ure(Xs)

(DB SRS DR AR EE ua(m,)

FH PR TR, K BRI EE m=0.15 g,
B 150 mg M4 FP- MR EE T3 45 HE I BE 4501, 24 0.01
gsms<1 g B}, ;RMEIRER 0.05 mg, I RKELIHEIREN
0.02 mg. RJARMEME, W& HEF RV3, $% B BARHEE
WEE, ARUEATE R u’3=0.05/4/3=0.0288 mg, u’,=0.02/+/3=
0.0115 mg;

& OB W R W E B umy)= 4/u‘§+u‘i =
1/0.02882 + 0.01152=0.0310 mg;

FE S BRI B A A X AR HEAS IR B uga(Mo)=U(my)/my=
0.0310/150=0.000206..,

(2)FF i i B o 2 9 3 2% LR UE ST AR 1
Urel(V)

FE ST BRI B AR P A T 25 mL b, LA
R R AT A, AT R BOK €= 5 5 E W
IR 2 o AR I K A IR 25 24 +0.03 mL, #e395) /A b, fu
FHF K V3, TSRS o BF b T B 3 3 8 LA v
SIAMATERE R 0.0173, WG PSR RS A A
T2 A Urel(Vi) = trel (Vi25)2=0.000692 .

G)FE S B A2 PR B AR Ab 5 | A B 35 28 HL AR X BR
WEAHHE L Urg(Vip)

S R A LA T (20+5) °C, HIEE 4k R B
1.24x107/°C, KM RECR 2.07x107%°C, AR KR
VRRZE, R, ST K=V3, WL M
ANHHE BE u(V)=Vx1.24x107%5/4/3,

FXS AR E B Uret(Vi)=U(V)V=1.24x107x5/1/3=
0.00357;

B B B 2 TR AR AR 5 | I B3 1 LA e AR o R

EEE Ua(Vi)=y Ure (V)2 =0.00357;

T 7 0 S5 T o v 3 R o 51 B AT A B T A
Uret(Xa)=y et (M2)? + ey (V)2 + Uy (Vi) 2=0.00364
3.24  RABEFALT| AL 8 TRAEE Una(Xy)

AR B UEAS, SRR AH IS E R EE N 1%,
BE T K V3, 3510 A5 AL B, FR oo (i
ASCI 5 A 22 5 A IS 2 BE A Upen(Xa)=1%/V/3=0.00577
32,5 ARBEEEES TN AL Ue(Xs)

Fie B (A N RALFNE 25 L ) 2015 4 p—F, ARt R
G5 KRBTSR A, SEIREEE LK 3,

®3 tERGBUER

Table 3 Data sheet of standard curve

FRfET5 Wi /(mg/mL) ESTEA
STDI1 0.01735 239.22328
STD2 0.0347 471.68036
STD3 0.05205 692.56793
STD4 0.08675 1193.18506
STD5 0.1735 2294.63892

Ry Y=13245.98441X+10.85352

MK FRE() 0.99978

WRE RSN P 3 AN AL, B3 AT, IS
AT AR, AT bR I 2 28 15 25 U DA v K TR 52
W 4 oK.

F4 HEMNRERKERSE
Table 4 The silybin content of sample testing tubes

KR HIEE VR /(mg/mL) S5 B /(mg/mL)
1 0.137672  0.136478  0.136894
2 0.146587 0.147214  0.147446 0.14857
3 0.16109 0.162214  0.161561

PR T 2 5 R P ) g 3 32 x 8 22 AR ) AN 2 T
VR 23015

L=

5

Uxs)=sr |1, 1
n
P > (% -T)
i1
Ao P-RE TR B n-Ar VRO B ARG X, 55 1 IR
T 52 B A M VR B0 Mk BF, me/mL; T - b fE VR 9 1 24 vk BE
mg/mL; x-Sl AS i -S40 &, mg/mL; Sp- TAE M Zebrifizs
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A b- AR AR, a- TR ZRERIE; A-SE 1| I G IAR
HEVR W TR

n
IA - (a+bx)P

SKAF Sp=1| izl =14.0184;
n-2
us=Sr [1, 1, (x=©)” =0,000876 mg/mL.

n n —\2

(% -0)

i=1

b o il 2R LA 51 B AT BR HE AR BB U(Xs)=
U(Xs)/%=0.00590,
33 ARATAHERE

g5 b, RS I 45 R A A TR K S A AR S
WERE D 5 AR,

RS THEESER
Table 5 The heft of uncertainty

AEK OREEEDRI ROH BRI

Uret(X1) W5 AP A 0.0121
Uret(X2) bR o A&B 0.0116
Urer(X3) B A 0.00358
Urei(Xe) TRAR R 0.00577
Urei(Xs) LRIy A 0.00590

Hi %5 BdE & BB B9 MO bR E R B 2

a0 10 (60) + 1030 02) + (1) + 18 () + 28 ()
=0.0190,
34 HRFHWEE U

e G A T S AR, AT 950, f1 %
T ko2, BRI PRI 2.44 /100 g B, BT a2
JE U=,y () k< X=0.0190x2x2.44 /100 g=0.093 /100 g.
3.5 THRAEERE

Y R B KT 2 R 2 R K
iR (2.440+0.093) /100 g

4 RS

AHIFFERT OO g I R PR A K R KT
B O R E BT T PR, 45RO BRI A A
KRS T R NI E TE N R R, SRR Y T A AL
PEFIBR IS WA BC ], 2B RE S L RO GRS
PRUERTZ LA BT AR AR E E . X — S RAT G A SR

R AR, RS EN S SRR, BT BT
i, TR AR T G AT A B S e S i R R,
SRARMEVS WL, R mbRED AR i, BB AR
HEBIN S B, BTEXS 387 AT N 5L R AR A
B A TUAL A IR, AR S A I R
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