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Development of Certified Reference Material of Stachyose

MA Yu-cui', WANG Chun', WANG Wei’, WU Cui', DU Ning”, LI Hui', CHAO Zhi-mao'"
(1. Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China;
2. Beijing Center for Physical and Chemical Analysis, Beijing 100094, China)

[ Abstract | Objective: To develop a certified reference material ( CRM ) of stachyose according to
Directives for the Work of CRM (3) Reference Materials: General and Statistical Principle for Certification ( GB/T
15000. 3-2008 ). Method: Stachyose was prepared by extraction, fermentation, separation and purification with
the dried rhizome of Stachys floridana as the raw materials. The structure of stachyose was confirmed by element
analysis, UV, IR, HR-MS, NMR and X-single crystal diffraction. The samples of stachyose were divided into 400
bottles with 10 mg/bottle. Then the homogeneity test, stability test and quantitative analysis were carried out by
high performance liquid chromatography-evaporative light-scattering detector. Result: The samples showed good
homogeneity at 95% confidence interval and good stability within 24 months; the certified purity value was 99. 62%
with an expanded uncertainty of 0.13% . The samples were checked and accepted by Standardization
Administration of China, and were consistent with the technical requirement of a series of GB/T 15000. 3 guides
about CRM. Conclusion: The national CRM of stachyose was developed for the first time, and this CRM was
intended for use in the content determination, method validation as well as testing and quality control of stachyose.
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K TRME I RAIRAFAE R — TP U, 1 1 2> 1 o
HIWEL L ST B 2 A F o P RLBH AL B
TETE T IRIERHR 4% Stachys floridana MR 227, %
Z: Bl #iL & Rehmannia glutinosa E]/\]ijﬂ‘ﬁq:‘m o K IR HE
BEIM ) N 45 17 9 Caco-2 4 i i 3% 7", W1 2 40 41
HepG-2 11 SGC-7901 fifJed 41 i . 1 55 B4 5 1ok g f) 410
SRRk S B B Ak BRI S P 7 R A Rk
SR, 57 0 1A, 38 A O AT T 9 T N
W oot D B 7 0k AL X R Ak A Al 1
SERL, HLBE TR H I ™ o K 95 B 2 — Al 3 R
B R 5l Ak R i, DRI R R R R TR R Y
— R AR R T AR G ST B b R R
L g — P D EJSURE T o LK 35 B R 1 3 1 T fiE
PEAR SR, J2 B N Ah & il Bk o 5 TR T 5 40 s Y
BT, BOE g 21 et i Tk e =, ) 2 M
T Ah E 2 Al R R ORI AR
O [ Br b F K I E A5 SERE R OT 5T H 45 iz, LU
KA g IR HE AT T 25 B 2 & 51 AR
HUW

K TRBE [ A X R T 3 Bl R 76% ~
80% , HLA k& & 5t , I N R 202 [ Ah o0 e 7= it o BRI
A AT R B E A S, e A R R B A B Y 5K
i, IR A 2 B8 X s HERE S (25K, To ik
PRAEAS I 25 2R 1) o A P T RG] i s o S [
PRH ARG A4 b B8 98 TT e AL HE L 23 BT PFAR AR
7 i B S8 EE AT (BB ) B RS AR 4 kv
By Sy TS AT R A B DR FT A I b )
FR it 0 38 ) S 9K 7 W s A R L T 3 1 28 W RS T [
FhR AL A PR 2 5Y s b 1 K TR 1R G b A i 1)
WHAE S5 o RIS, O 55 W07 0 1k b T 1) A VR AR
E R Bk SR T AT L mst gl .

XoF R AR 7 W) AT B AR AT Al A BIF AR, SR 4%
18 GB/T 15000. 3 5 EA: fh 22 4 TAE S W 64T , 645
Oy BEUEE EME ST 5 R B T AR B AR E
PR FAE (T AR R AR R R I
T5 i Wi E YR — A B2 A IEE R, IR F
R PR ARERE BT A S R g R R
B J8E A T 3R AT G B b K T 4 0 e { 2Z T) 9 23
PE, 240 B N, 2 - I G R DA G R — 1
SR, T B B K K g 280 E R
I L b B b o SR W T 4R AE 99% LA B K I
Tl S TR o, D K 5 B B AR O IE ST SR AR T
A

1w

X-6 U 58 S A5 I 5 A (MR B T AR AL IE) | Vario
EL cube #!5C & 43 #7 AL (1 [{ Elementar 23 w] ),
FTIR-8400S AU 7 2L AR EIEAL ( H A B A A ,
Xevo G2 Qtof 7 &5 43 B J5i 18 AL ( 3% [E] Waters A #] ),
Avance I 400M 7Y 4% 5 RN (2 F Bruker 22 ], LA
TMS “J N #R) , Xcalibur-Eos-Gemini CCD Y 8 5 fi7 5
10 (ZFE Agilent A 1]) , RE-201D % jig 55 3% % 48 (I,
ST AL R TR A H]) ,LD5-10 AU E.0#L (b
BB HLA FRAS ), CP225D FHL T K OF (3%
Z R R AR AL s IR A A .

FLIR T H A i 85 (Bl Bk A= 9 1 ol 4 98
I L), SephadexG-10 R H &E 1K , 35 T 48 ( -
IR A Y BB R A | ), SN S 3 2 (1E =
Merck 24 ] ), 5525 & P A 0335 9% (b 5 Ak 23
FIA R K EZE K, FHA T R 43 Hr 4,

SCBS BT R R b BB B AE ¥ 8 4% Stachys
Sforidana W& T 25 MR TARLI =,

2 FHik

2.1 FERBIHIA  BUB SRR S T 25 A S ff i
POKIZHE 1 b, SRR G g S Bk, U H A& S
LR P A TR TR R N L AT R I 0 B, 2o
Je 45 BN 4 BT 80% Y AH A, K H SephadexG-10 4 %
Y BRE J 37 BT I 3E 47 4l 4k, 48 HPLC-ELSD 43 41, H
T T 45 i, Y VR T R A 30 1R R A K R R R L .
BT 2 mL AF BRI, B 10 mg, 3t 400 Jffi .
2.2 ¥ Som R o (EA), E4M kI
(UV) LA I (IR ) |, 5 43 B B il (HR-MS) |, #% 1
4R (NMR) |, X-F 5 A7 56 (XRD ) X R i i 47 45 1) %
B, 55 SCHRBE X IR

2.2.1 EA KHBER S TAN CLH,L0, L0 R
AT, BRI A C R 43.22% ,H 2l 6.35% ; 2 {H C
S 42.98% , H 3 6.74% , M & {5 #3543 A

—%.,

2.2.2 UV JKIHEICLE IR,

2.2.3 IR ARSI E R, 2 2T A6 IR By 45
RFEIL,

F1 KFBEHLIEEIE
Table 1 IR date table of stachyose

W Y g/ em ! Jrah KA WA 38R B i
3421 OH i 47 % 5 vs OH
2930 C-H {45 9% 2 W - CH,
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2.2.4 HR-MS HR ESI-MS( -): [M-H] m/z
665.215 3 (S {E K 665.214 0),503.106 9 [ M -
H-162] ,341.107 3 [M -H -162 - 162] ~, 5k
MR 5T CLH,, 0, fF & o

2.2.5 NMR DI D,0 R, & 7 'H-NMR Fl
“C-NMR, Jfxf H 47 709 )& ' H-NMR (D,0, 400
MHz) §: 5.34 (1H,d,J =3.6 Hz, Gle-1),4.90
(2H, m, Gal-1), "C-NMR (D,0, 100 MHz) §:
103.8 (C-5),98.4 (C-13),98.0 (C-18), 92.1 (C-
7),81.4 (C-3),76.4 (C-4),74.0 (C-2),72.7 (C-
9),71.3 (C-8),71.0 (C-11),70.9 (€C-23),69.5
(€20),69.5 (C21), 69.4 (C-14),69.4 (C-10),
69.2 (C-17) ,68.8 (C-15),68.4 (C-16),68.3 (C-
22),66.5 (C-18),65.9 (C-12),62.5 (C-6), 61.5
(C-24),61.2 (C-1), k2= B 5 3CHk [ 14-15 1 i
TR — 2

2.2.6 XRD HIEE-PIER-/K (1:1:2)25 CHikfs
0.50 mm x 0. 50 mm x 0. 25 mm JG @R A, £ X-
B RTINS TR R R L S R
P2,2.2, S8k a=23.876 0(3), b =12.710 28
(12), ¢=10.812 79(11)A, V=3 281.36(6) A*,
Z=4,D,=1.511 g-cm ', Mr =666.59, F(000) =
1576, = 1.230 mm ', | AWM EH T H R =
0.066 6, wR =0.179 1,/ 2 5+ F a-D-2FFLHH,1 4
T a-D-HEEF 1 57 F B-D-F i L Gal (al —6)-
Gal(al—6)-Gle(al —28)-Fru J7 2% 4 41 i, i 13

S HE B = 4R JZ AR G5 A, QAT 1 R o M K IR
BRI I 2 s .

Bl kyiEm X BRITHEN

Fig. 1 X-ray crystal structure of stachyose

2.3 %%  Prevail carbonhydrate ES % £

(4.6 mm x 250 mm, 5 um),‘iﬁﬁ]?l‘ﬁlﬂ%-ﬂ(

(65:35) , %3 1.0 mL-min ", # 6 30 °C ,ELSD ¥
<70 -

B2 kpEHEHN
Fig. 2 Structure of stachyose

W E% ALY I 95 C LA 2.5 mLemin T,
PR S5 pl,
2.4 FERVEWIEIE R EBERBUK IR M1 mg,
M2 NE R, IS E 10 mL i, 550, 45 um g
FLUERE 7350 0. 1 g+ L™ AYRE SR
2.5 WSERER R MEARERE R TAES W 7
TSI HEAE T G EOR HEAT o 2 M4 %E S 11 400 i
FES PR 15 0, 4% 3 FhRE T 40 0 A A O P AR B
1.0 mg ¥¢ 5 3 0, By AR SN K& R, IEE B/ &
5 mLigjffih, #847 HPLC 2387, 28 1 WHAE 1,3,5,
7,9,11,13,15,2,4,6,8,10,12,14 S ;56 2 K Hh
B 15,14,13,12,11,10,9,8,7,6,5,4,3,2,1 Ei;
%3 kA 2,4,6,8,10,12,14,1,3,5,7,9,11,13,
15 Sffi o 42 IR 2.3 TR (0 3% 2% {1 X B S AR 5 R
e 3 W, W T BUE — bk B gl B R 5 kAT
ZHr. diRNE 2,3,

MNERIFTLUFES, U v, (HE) =14 K& v, (H
W) =307 F F{E%,15 F,,s(14,30) =2.037, i1
T F=MS,,/MS, =1.518 < F, (14,30) , it L) A& B¢
RS .

Iy 22 R S5

MS, - MS
= —M "M~ 0,000 329

TR AR ARG 22wy, =5, :

sy, = /0.000 329 =0.02
2.6 FRUEVERRLS AR AEAE SN IO RRUE PR R ORI iR
o VA it ) AR L B T ) 1 28 A o IS s M A i 85
AT B 170 ~8 CRLKMTIE24 AN
e, 2T 0,1,2,3,6,9,12,18,24 4~ H Bt
W3 ARG H IR 203 T0UR €83 A5 40 5 04 T AR U
— AR, AR LK 4,
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R2 KFENEERAENHANKRE

Table 2 Homogeneity test of CRM of stachyose %
iR 51 %52 %53 FEE AT HE
1 99. 74 99. 82 99. 80 99.79
2 99.79 99. 83 99.77 99. 80
3 99.70 99.85 99.74 99.76
4 99.73 99. 81 99. 81 99.78
5 99. 85 99. 86 99. 81 99. 84
6 99. 80 99. 84 99.77 99. 80
7 99. 85 99. 81 99. 74 99. 80
8 99. 81 99.73 99.78 99.77 99.77
9 99. 80 99.74 99. 82 99.79
10 99.75 99.72 99. 86 99.78
11 99.77 99.74 99. 80 99.77
12 99.79 99.73 99.71 99. 74
13 99. 74 99.71 99.72 99.72
14 99. 74 99.72 99. 74 99.73
15 99.73 99.71 99.77 99. 74

R3 KABEERBEHUEREHFTESN
Table 3 Variance analysis of homogeneity test of CRM of stachyose

AR 2R SS f MS

R 1] 0.040 51 14 0. 002 894
A 0.057 20 30 0. 001 907
S A 0.097 71 44

x4 KFEERAEREERE

Table 4 Stability test of CRM of stachyose %
WA/ A KL Kb 2 i 3 SFME hRiEN 2
0 99.71 99.73 99. 74 99.73 0.02
1 99. 70 99. 66 99.73 99.70 0.04
2 99. 67 99.72 99.73 99.71 0.03
3 99.71 99.79 99. 68 99.73 0. 06
6 99.76 99. 67 99.73 99.72 0.05
9 99. 67 99.70 99. 69 99. 69 0.02
12 99. 69 99. 68 99.76 99.71 0.04
18 99.72 99. 68 99.75 99.72 0.04
24 99.72 99.73 99.75 99.73 0.02

T MR O T Btk 2

M 4 R, A U AT 1 1 34 {57 0 E 1)
TF1) PAY 3L A I IRF 1) ) 72 Al T B S A P e s R, AR B
BRUERE A TR S AR 2 DL B R R A
ZUG AR SR ¢ AR RN F RS 56 X R M A 0 R A
(B E AT 37

¢ R
PINCAED SIC AR
B b, = g -
Y (Xi-X)?
0.173 2
= = 0. 1
550 0. 000 315

X, RERA /A7, Y, Sk gk B/ %
Sy g YR RGE 000 B (1) A3/ ] I AR I 2 5, Ay i 4l 4
RO, P Y = 99.72% | X = 8.33,

el N A

by = Y - b,X = 99.45

HE LS n bR 25 AT BT 2G5
o Y= by X))’ _ 0.002017

n-2 7

B AR s =0.017 029% , 5 &} 3840 5C 19 A

o B R A

s(b) =

= 0.000 29

- 0.017029 =0.000 726 1

/Y & -x /D

AR -2 P=0.95(95% B{5KF) Mt
HWF % F 237, | F | b, | = 0.000 315 <
logsna Xs(by) = 0.017 , BURFRZEA 21, A U
FIANFE

F R 58 < 7K I35 B R T AR M R 90 8 (0 ~
24 ) MG R EIER S YL,
£5 AFBEEEQREMEENTEM

Table 5 Variance analysis of linear regression

25 R SS f MS F P
EUERAYR 0. 000 055 1 0.000 055 0.243 6 0.637
k2% 0.001 568 7 0. 000 22
Mt 0.001 623 8

XA [ PR AT T 22 0 A, N3RS B din A
E ISR A (24 A 1) T2 (019 07 e 09 10045 B B s o
ZHLMIHR T 220 Mg 8] F =0.243 9 /T 5 2
SIATI SR Fo o (1,7) =5.590 FT DT DL E 1% b
HEREARTE O ~8 CHYZMET 7624 D HNERER

Rt R A 36 AN 0 R EE TR
L=s(b,) x1=0.000 726 1% x24 =0.017%

T VRS R W], KGR BETE O ~ 8 C R T IR
7 2 AR RRE o
2.7 GEEAHT e TRAR AR AL TR S B
KR Z ALK 2 R E (H, B AR5 B Sl
FIAAT B A BT i) 8 KLy s g AT B BEALAh
IO16 HRE i , B SE IR S 0K 2 1, IR 2.3 T
TEACE BRI A E 3 U, N e T AR — Ak
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Frogfit, Wk 6. LA R IR = M B 5, x4
S Y RN 4 BN W HE A1, SR AR B A
(Grubb’s ) A6 56 1 A7 K 36, R e B S L, U0 4%
REIEAI A o LA L X A 56 Ko B 25 ¢, BT A AR
PEAF S ARMERE B TAE S G Bk R
e 38 95 G 30 45 8 59 0 8 e 9 TE S, AT A

F6 SHRILWEKRFBAEEEHE
Table 6 Eight Laboratories certification data

SRR o AR5 P RS 7 A i ( Grubb’s ) 3 X 43 5 55
B 2 S S AT A 6, R A B — D (E BE AT
S W AEAS 0, 2 SR TC S (L, D R 25 LR =
P Ve T Am A T, 1158 8 ZME 45 3R 1 7 B E K
Prififin 22 . EEERGEI R IR 6, %% 6 1Y
Wl dE AT T 2200 Hr AR AR T o

%

S i T 1w 2| 3 W 4w ERR/ 56 4 {E T 1 A 22 RSD
1 98.33 98. 30 98.34 98. 0031 98. 36 98.52 98. 36 0. 05 0. 06
2 98. 35 98. 44 98.53 98. 40 98.58 98. 46 98. 46 0.08 0.09
3 98. 66 98.53 98. 65 98.32 98. 41 98.50 98.51 0.13 0.14
4 98. 46 98.58 98. 62 98.59 98.58 98. 41 98. 54 0.08 0.09
5 98.53 98. 46 98. 48 98. 54 98. 39 98. 46 98. 48 0. 05 0. 06
6 98.23 98.24 98.29 98. 28 99.33 99. 37 98.29 0.05 0.05
7 98.54 98. 60 98. 49 98.56 98. 49 98. 36 98.51 0.08 0.08
8 98.19 98. 15 98. 14 98. 18 98.19 98.17 98.17 0.02 0.02
KT KHBEAEEEHEFEAESW TR I BB AE R S B 2R R 99. 62% L, P R RN Tl
Table 7 Analysis of i f tification dat N
abple nalysis of variance or certirication data EEj\j 0' 13% R
AR 2R SS f MS 4 iE
A 07 01031 AR e B M Bt T 00 B0 BRI
4 M £ JURYNEIN B S T 5
s omry 3 00058 PEAT T HAIER RE R  RE AT, 960 T
S 0.949 6 46

2.8 NWEEIWE AR TAES
FR EAA G R bR (R RN B A R A AR b v R
st o P M A ) T AN R B ey FROO A5 B A B
HEAE A8 BE w (%) , Y9 5] PEAG 30 19 S 8 0 JEE w,,
FAR 8 A 50 0 R B 0 wy AR AR AR 4 R
SEEL L TH M A E 1 S K J5O0E AR HERE S (E
SEEL RMOERIE R & =99. 62% , 48T 29 (8 18 A5 1 R
Zs(x) N 0.18% , LW = N TEE b i 2 s, K
0.10% , 52 5% % W] PR R PEAR MEAW 22 s, R 0. 17% , J&
SEEIE A AT E B u(x) =u,, N 0.06% ,
3 &g

PREEEEE RS AN R EE ulx) =
0.06% . MilEI¥ )M 51 0 bR HE AT 2 BN u,, =
0.02% . Fa & M & 5% W4 A B o B otk
u,. =0.017% |

WA & R k=2, WZ AR MEAE A R B 3
AN JE

= 2 2
Uy = K /u(x)” + " +ouy,

2

=2 /(0.06)% + (0.02) + (0.017)% = 0.13%
.72 .

SE LS5 LR R R W 5 1 45 0 99. 62% 1 0. 13%

(4 TRl R A i, il i Tk AR B £ gk,

0~8 CTHARINN 24 A~ H o ZbsfERE 5 By 21 B2
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