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[ Abstract | Objective; To develop a method for determination of monosaccharide compositions of
Dendrobium by high performance anion-exchange chromatography with pulsed amperometric detection ( HPAEC-
PAD), and conduct principal component clustering analysis. Method; The hydrolysis conditions of polysaccharide
were screened by single factor experiment, and then DIONEX-ICS-5000 * ion chromatography was used for detection
and gradient elution. Finally, 20 species of dendrobium were analyzed by principal component clustering analysis.
Result: The 7 kinds of monosaccharide ( mannose, rhamnose, arabinose, glucose, xylose, fructose, and lactose)
could be separated within 15 min with HPACE-PAD method, and the precision, stability, repeatability and
accuracy of the established method were well-validated, RSD <5.0% . The recovery rate of each component was
141.95% with RSD of 3.4% . The results of monosaccharide components analysis showed that the difference of

monosaccharide components was significant; the maximum difference was 961 times, and the minimum difference
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was 38. 5 times. All of 20 species of dendrobium contained mannose, rhamnose, arabinose, glucose and xylose,
but fructose and lactose were not detected in D. thyrsiflorum, Flickingeria albopurpurea and D. heterocarpum;
fructose was not detected in D. longicornu and D. brymerianum; and lactose was not detected in D. exile,
officinale ,

crepidatum, D. brymerianum, D. longicornu,

D. jenkinsii and D. crepidatum. By the method of principal component clustering analysis, D.
D. chrysotoxum, D. nobile, D. aurantiacum, D. jenkinsii, D.
D. heterocarpum , D. pulchellum, F. albopurpurea, and D. exile were clustered into one class, as the content of
the monosaccharide components was low in these species, and relatively high in the other dendrobium species.
Conclusion; The established HPAEC-PAD method has high sensitivity, good reproducibility, easy processing of
samples, accurate analysis and convenient use of instrument, so it can be used for component determination in

Dendrobium monosaccharide or other plant monosaccharide, providing reference for the quality control of

polysaccharides in dendrobiums. Through the component analysis, it also provides key points in the selection and

breeding of high-polysaccharide germplasm.
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o SR ZE 4 (0 BF ST T o
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DIONEX-ICS-5000 * % & F {71 j{ ( Thermo Fisher
Scientific v A ) , Be £ K W &%, Au TA/EHL 4%, Ph-Ag/
AgCl &2 i, Chromeleon 7 {4 T /L, AS-
AP [ 3 i #E £%, CarboPac™ PA100 BioLC™ Guard
(4 mm x 50 mm ), CarboPac™ PA100 Analytical
(4 mm x 250 mm) ; UPH-III-10T % 8 4 /K L ( pu 1|
DL 2l B H A FR 2> 7)) 3 KQ-400KDE 7Y 5 Ty 5 4y
PR P PG v A (R LT B A AL AR A IR A R 5 1X-0
RUJT g s A R AL (£00% TR AR R ) 50.45 pum
AT BLUE S S — UV i 5 A (LR ) Rt a2 A= )
B HRA ) ; Allegra X-30R Centrifuge 5 55 .05 #L
[ D0 v & P2 IR 4 s B2 (R [ A7 PR W) ] 5 CP224S H
TRV (TEETE 2 H WA 7)) ; DHGO1012A A A AR
PER B AT 2% ( i = R BB ABR A A o

TJoK & BE R AL Al T 8RB (Man ), B 25 M
(Rha) , BUHLAHBE (Ara) , 3 458 (Glu) , ABE (Xyl),
FHE(Fru) , FUBE (Lac) SR B (2708 HPLC ¢,
#t =5 4 B & MFCD00064122, MFCD00011591,
MFCD00135867, MFCD00063774, MFCD00064360 ,
MFCD00148910, MFCD00150747 ) Wy F b i I M A=
WA R A 7] 50% NaOH 3% W 1 T Sigma-
Aldrich 22wl 5 UK M LB AR =18. 19 MQ - em () 4§
KRR AHER BERR ERR UK Z R SUEK = LR
(TFA) ¥R o3 Hrall (PE B AL TAT R AR o

R N 2 B U )1 45 b I AR 1 20 B £ ARt 4l
Y, a0 AR R 2 i B3 4 E A A
oM oA it
(D. chrysotoxum) ,fi 77 W4 8l (D. salaccense) , B R
LD, crepidatum) ,BIW\ S f8H(D. lituiflorum) , ¥
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M Mk (D. signatum) K J5 A L (D. longicornu) , K
A BH(D. brymerianum) WFHEL BH(D. pulchellum) ,
BEE A 8 (D. parishii) , 125 15 51 (D. moniliforme) ,
2 Wi 4 B (D. transparens ), ¥R £ 1 fi)l
(D. thyrsiflorum) , 53t (D, exile) , /N85 46 A7 fifh
(D. jenkinsii) , 741 8t (D. harveyanum) , 8k Fz 41 fih
(D. officinale) ,28 " £ 5t (D. aurantiacum) , R J] &
L1 f8H(D.  heterocarpum) , & 5UA f8H(D. nobile) ,

2 AESER

2.1 R R A 35 -k b 22 5 35 (HPAEC-
PAD)

2,11 MRUEMRBCH]  WRUEW A SR ;R R
I 50% NaOH %4 26.2 mL, it A 2K 2= 1 L, i
il BE A 0.5 mol - L™ A9k BE W B

2.1.2 (%0 MR ORI bR B2 ) 30 °C, HE AR
TRFR 25 L, 4 8k TAF A, ik v 22 15 K50, IntAMP
12, AgCl Z: LML, pH 12. 48, Gold Carbo Quad &
W B VR A W2 1,

x1 HREBERR

Table 1 Gradient condition

I 8] T A B Fit ) i A B
/min - /mLemin~' /% /% || /min  /mL-min"' /% /%
0 0. 800 90 10 14 0. 600 80 20
3 0. 800 90 10 18 0. 600 85 15
5 0. 800 85 15 20 0. 800 85 15
7 0. 400 85 15 24 0. 800 90 10
9 0.300 80 20 30 - - -
12 0. 400 80 20

2.1.3 A3 AEERE FRMR 2. 1.2 TR @k Ak Rk
T %0 it %, & B CarboPac™ PA100Analytical
(4 mm x 250 mm) [t CarboPac™ PA10 Analytical
(4 mm x250 mm ) HA7 5300 43 B8R DL 1 I
I EHE PA100 {8345, CarboPac™ PA100 BioLC™ {4
A (4 mm x50 mm) 1E 2k 5256 48 €8 15 4

2.2 BRG]

2.2.1  XPRAGRESMACH] 4 DR B PR ICH B LB
M BT RACE R AR RS ROME UM IR S TR
i BT R R R 1 g L X R A R RS
Wi BT A% BB VR B 35 10 mg - LTUIR A il
W53 0.45 pm FLARERE 75 2. 1 WUA A T E A7 F H
3T IC TSR T Rl OB IR S O R 2 B A0 1R
VLI 2, 25 B TE 15 min UL N BB S04 B H &0,
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E1 AfMBREIERE PAI0(A) 5 PAL00(B) HBEHE

Fig.1 Chromatogram of 7 carbohydrates on different columns

SR B AR, AT 2 W, AR, SRR, L, 20 S
JE ERE MR R 38 B 2 B 2R
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t/min
E2 BAXERR HPAEC BT &L

Fig. 2 Ion chromatogram of standard mixed solution of

7 monosaccharides

2.2.2 FRUERRZCH R ORS B CBCRLRE T BRI i
) RSO R O A VA R, i 2. 1 TR AT AR AT
DA 2 e B2 O i A s (X0) 0335 0 i B A O A A
(V) BEATERAE [T U3 53 #7353 4% 5 0% [0 09 07 72 70 AH

R2 THEBEDEARE EEEE

Table 2 Linear regression date of 7 carbohydrates

LR fi] 5 7 7 R LMY R/ mg - L
Man Y=6.6023X+0.259 6 0.999 2 0.05~6.00
Rha Y=5.3954X+0.180 4 0.999 7 0.01 ~4.00
Ara Y=13.687X +0.202 8 0.999 2 0.01 ~2.00
Glu Y=17.700X -0.611 7 0.999 7 0.01 ~20.00
Xyl Y=1.323 6X +0.2257 0.999 3 0.01 ~10.00
Fru Y=20.164X +0.579 3 0.999 9 0.01 ~2.00
Lac Y=2.3191X +2.473 7 0.999 0 0.01 ~4.00
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2.3 HEAbEE

2.3.1 ZHEIRIC A I K B A R 2 i
2 71k SR R 75 il Bl £ TR B e B OO D I AR
A 50 R FH 8 75 A I K R B UL R 3R AT A R 2
(R IO 5 o BB 1 AR A 0 MR B 2R R, T 105 C
HEFFE T 257 30 min, 50 °C ML Z{H 8, R LR
W5k 40 B, B ik K2 0.3 g, K% FRaE , N
A M4k 30 mL, i PE % 0.06 g, T 400 W,50 °Ci#
FHEHCT b, §E R T 8 mL, A TE K
32 mL, %2 h J5 4 CE.L> (3000 remin ' )30 min,
DUVENN 20 mL FRIK %5 i 15 22 W5 45 BORE .

2.3.2 ZHEKMRWHS  Ed RIS Rk
I, TEA KRR T30 R B R A5 2 VK & TR LB
W2 R K 25 K A iR 0 (W 235 0 6 mol - L") | Hifih
IR 25 A R BE 100 °C B[] 12 h, A i AR B - K i
FUARFL(1:1)3 AR B F oAt HR b3

2.3.3 FEMHIA ORI 20 A4 fRHEE B 2 0 4
BUA W1 mL K% M A TFA 1 mL, % 4], & F 100 C
K AR 12 b T30, A 5 mL $OK 5 i, i
0.45 pwm JEME B A GEFER, #% 2. 1 U EAEAG
2.4 kR

2.4.1 R BT FhOORER A 0 WO Sk
HERE 6 R, [E]F% 6 h, 5 3 Wk, M Z F 4% 2. 1 R
PAT, 10 ok 0k i T AR, T S OKS % OBE RSD 7R
0.9% ~3.4% , < 5.0% , 45 % 3 B, DIONEX-ICS-
5000 " A B A58 40 AR B R4S

2.4.2 RREMERR WU fRHRE L 42 2.3 T0 R
FRE SR, IR A 2.1 TR PuAT, b 6,12,
24,36,48,72 h PR HERE, 90 5% 0355 1B 0 1 AR, T A
RSD 7 1.2% ~3.4% , <5.0% , 45 % 32 W% J7 1= b
PRFE SRR 250 72 h AR E .

2.4.3 RoEtERE BCA SRS 4% 2.3 TR fil &
RE SR, AR S 3 2.1 T R 44T, A 6 K, i+
i [ W T B, G RSD E 1.2% ~ 4.4% , <
5.0% A5 R FWZIT L EE R

2.4.4  JmEEFECREE  BCE A BB A o A
iR B R, 3 50% ,100% ,150% 7K VR N 4% B
X BE S PR T OINRE DR 5 4% 2.3, 3 TR BE 5K
i Ab 38 e 2.1 TR AT I, 9 SR A i Pl 0 T AR,
THE 2% BOBE B4 AR 1T e 3 DA K i35 RSD, -3 in
FERIC R Hy 141.95% ,RSD 3.4% , [ iZ ik B A
— i 1Al FEE

2.5 FESLEUBEZHSRINGE K 20 Fhofr SRR AL A
Fie 2.1 W76 BRERG I, 9 o 535 1B (R 43 A ek

WG LI 3) A 3 Yl O 5, 45
W3 A PMEL AN 25, Ui & i
X SR E  ARNEFH 820 & B, RORE  FLBEK
2, BTRLAR B A A R S R D LR
FRMREEEERKE RREFEAR, k& &
T (CELARD SRR S R (S A ) A22 961 4%
/N2 S R FUBE  fes i (WU £ ) AR IR 2
(LN A L) AE 25 385 i 7 b OB LA R
I i) A Ik (k£ M) A 22 43.76 . 1
FoftJ 22 5,20 ANl 47 Mk SRS D0 A T 8RR L B2
B T A W 3 R AR 5 BRI R
IRV A fiph 3 Foft 243 A A 00 11 SR8 R LM 5 R A
KTRAT A SRl 5 5t At /D B i B
AT ARAG I L

0 5 10 15 2
0 5 10 15 2

L

0 25 30

0 25 30

15 20 25 30

| N S
0 5 10 15 20 25 30
0 5 10
t/min
A BEWELTE B SR W A R C BB A DL & BUA MR B BitR
A1 fit

B3 MoAREREEASETFEIE

Fig.3 Part of sample monosaccharide IC

2.6 EWAERE

2.6.1  FERLSTATHT AR 20 Fhoar £k BOE 4 oy 5

FORBLT FhEREA Sy R 2 R 22 5 B U S

A SPSS 20. 0 # 47 F 54340 A1, 45 B 3 43 B A8

FVE Ry B R B (3R 4,5) 184S B0 HT 2 > E R

43 (PC1 1 PC2) BAUJy 2% STk (94. 89% ) , X fiff B¢
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Table 3 Measurement results of monosaccharide composition of 20 Dendrobius sample %

FE R Rl 2 [ETRIEE i A N v FL vk S

TEL 4 A fit 0. 026 0.012 0. 005 0. 001 0. 059 0 0 0.103
SR A iR 0.153 0.034 0. 025 0.014 0.243 0. 008 0.077 0.554
LA A fh 0. 039 0.026 0. 022 0. 006 0. 161 0. 007 0. 043 0.304
Fe B A v 0.071 0.021 0. 006 0. 003 0.108 0. 003 0 0.212
W A i 0. 674 0. 052 0. 059 0.178 0. 847 0. 039 0.308 2. 157
iy 0. 087 0.112 0. 054 0. 004 0.229 0. 009 0. 026 0.521
[N EREp 0. 030 0.016 0. 007 0. 003 0. 109 0 0. 021 0.186
K 351 i 0. 056 0.019 0. 007 0. 004 0. 082 0 0. 052 0.220
15 0E A iRk 0.296 0.032 0. 042 0. 063 0. 440 0.017 0. 142 1.032
B A 0.209 0. 082 0. 063 0. 032 0.379 0.017 0. 107 0. 889
4 =25 fin 0. 459 0.048 0.055 0.138 0.726 0.03 0.266 1.722
5 005 17 fih 0. 641 0.072 0. 057 0. 192 0.961 0.036 0.273 2.232
BRAE A i 0. 027 0.013 0. 006 0. 002 0.021 0 0 0. 069
Sk i 0. 022 0. 009 0. 006 0. 002 0.011 0. 001 0 0. 051
JINEE A AT 0. 060 0. 004 0. 001 0. 002 0. 001 0.030 0 0.098
IR A i 0.316 0. 347 0.125 0. 087 0. 602 0. 031 0. 120 1. 628
BBz A R 0.153 0. 030 0. 030 0. 034 0.263 0.016 0.013 0.539
2 1 s 0. 059 0. 052 0. 037 0.010 0.218 0. 008 0. 008 0.392
P 1R A iRk 0. 029 0. 020 0. 008 0. 003 0. 085 0 0 0. 145
45U fit 0. 005 0. 031 0. 006 0. 001 0. 080 0. 003 0.076 0.202

x4 FHHREE

RS MOREERE

Table 4 Total variance explained of principal component analysis Table 5 Rotated component matrix of principal component analysis
5 H PRMEIR2E T ETEMAE/% B TTERE/ % HpE  Ara Glu Xyl Fru Lac Man Rha
PC1 2.326 77.32 77.32 PCl -0.349 -0.410 -0.422 -0.387 -0.396 -0.414 -0.231
pC2 1.108 17.15 94. 89 PC2 -0.502 0.230 0.273  0.220 -0.750
PC3 0.478 3.26 98. 15 PC3 0.112 0.104 0.238 -0.901 0.314
PC4 0. 240 0. 82 98.97 PC4  0.552 -0.552 0.120 0.452 -0.196 -0.407
pPCs 0.235 0.79 99.76 PC5 -0.415 -0.375 0.682 -0.199 -0.407
PC6 0. 107 0.16 99.92 PC6 -0.289 -0.481 -0.102 0.818
PC7 0.076 0.08 100 PC7 0.404 0.615 -0.620 -0.172 -0.204

A BTRR RO, WA O e O B H 5 — B
PCL Zi3 1 7 FhOBEAE B, H 7 Fhipopl 354 SOk, 3%
WIX 7 o SR 2 REAQ X 20 Fif v fRHARp 5 B4 ) B
B 2H o 22 S R IR A 05 50 — FE g3 PC2 Z45 T Bl
EORER /NG R N RN o N o IR R

2N

EP o)

2.6.2 REH @A 20 B R Y R

IRy A B R A5 00 - 1 1T (] 4) KR35 25

TR Bk B A R SORE £ AR B R
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(15 minLA ), i %0 (TEAT A 1 X H Al Ak B ) 9
(R FRAE 1 %1077 ~1 x 107" mg-L™") fy 53 B9 4
SE o TEXT IR BE WY {8 ], B — fd ] NaOHL 711 4l
TR WL R I8 B R4 B BOR , 7E 0 8 0 K B
NaOH i i e i e g , S0 R 45002 g, (EL 7 kR e
B 5 HE 00 90K T8 O PR S 0 R LR S A R 2
AT I AR 5 — U T i v R Al 2 il AN 2 R 4R
1R, 0 BRI 5 DRI A BT AN () SO R Y A
7 R IX = 2 (A 4R B A PR R RS
or B LUR B A0 1 20 B RCR

P2

& s 4

B4 ARBBASERDE
Fig. 4 Main component score of dendrobius monosaccharide

component

TE X A7 figh 22 Wl K ifp 380 00 o) A AR P AR BTSSR A T
B ZR AT, X B A% A 7R 0 K S R LK i iR
J&E KA IE], e BURE il AR FR-TFA (R 101,100 C
K A% 12 h BEIA B — A R UL A K i ROR o B R
TR oK fifp 26025 D 3R 22 18] B9 A S PR F 52 45 20, DAL Ut
SR P TE A2 X 56 2 i 7 T 3 36 15 4R 5T e 10 1) K i
pE SERRYERS AN Nyl (R e DA E B VAl
HPACE-PAD i 45 I 71 fist Sk 26 50w, 20 7o A7 ik 0.
Bl AL 73 22 S RO, #2015 AF Ji (I 24 4
A FR) A R S W 5 B M X L R A B 20 g
FRFIG AR IR B AR, — 2 ol T AR UCHURE S A i A —
AR S5, s R IR B 2GR o s TR A T 1k
FEAE 25 5, 245 L SE folf T A9 2 90 AR (5 335 737 2 Ak Ak 1
AN o R D0 T Ak B R A R AN R DR 22 T
AR Y 56 At S R RGN 5 3 T A TR L v A, BB AT K
M AR N DA R 22 T RE S R I A R R R AR
Y0925 5, o8 B T Mk 22 W S A I AG T B A
=%

A1 fR b B 25 RN o 22 Rl I 2 R B A
A~ T At 57 i S 1 1 R 4 TR A Rl 5 2 [ 22
5, A BT 6 B Bt X 2015 AR R (b [ 24
S ) RURE A IR0 A1 AR B 22 3K L S At Al A
DEGR MR T HR FHERE RS TRIET
HPLC & 3 (0 5 , {H 1 8 23l o 249 2R A6z i 31, 12
Sy A S T B TR SN REAR G 1) 158 A el o 2
[ 252 S o U PR O 5 sk o G PR 2 43 B 43 BEAT 43
B, o B X 20 g ik b OB A o 22 S g BRI R
RURALE TIX 7 Fh pE 8 5 2R 28 R R EOR BR B A
IR SECRE A M L B BT R e AR AT A
AR BB B RO R A R TTE A
IR U AR LB SRR R Oy — 3 R R
U H ey U RV AR S RSl R
A SRR I3 0 A A, HC OB 2 0 B TR S A A
1o 22 b M S A R T 5 AT R (A O T Y Rl
JE R
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