2026 4 8 A1 & i% Vol.44 No.8
August 2026 Chinese Journal of Chromatography 889~899

tibh ik DOI: 10.3724/SP.J.1123.2025.08024

R EBREREE SMERRIENARKRE

Ak, »HOXM, HEF
(L BT 5008 b L, TI08 BE 330100 2 ML 5 RAGY &M E S LRE,
i B B R (LS BRSO, (LT KIE 116023)

T 25 Z2 05 B BAT o ge P800 TR S5O0 S5 AR D R T 32 0GR AR AR TE 4 T R R AR AL R 2% Sk
SR 22 RE 0 ) 8, T BOH AR ) R B AR AR AL RO 2R e DA T 20 A B AR 0 R R T R 43 A L A R ke
A7 26 HL 5 T ali A 5 f b, b 38 7 v 28 2243 H A% 6 2R A0 TARLBSE D | sk 45 40 8 i A B 235 ) R A1 2 3% AU 1) F 9 A%
Lo AT LA 2 W AR SRR O BT XT R, B S N BE R SR I 2 10, R T AR AE KR AR R A W A
Bl g A 45 T 0 K LU 43 T T AN TR) 3k 0 B A AL B 7 0 3 A R R P T [R) e B 3R T A% SIS vk X SRR R G
ity 3 T S 4 25 R 0 TR O, DA T e L A ) T e ) A A 5 B T AR B R Y 2 S i B AR (R
Ji2 ok U €3 S T AR R (A SR KA T e 2 AL A B AL R ) BT R G VEIR RN R T A R R s
JRUCHL G FH 37 5 T A I it S B 43 s v B EL R IOE 5 5 I T X SRR 2 B A AT L B 3 A3 AT A B G IR Dl % A S B 25
RAEBA B T A FIE A B 0 B AME 54 B 09 R BRYE . A {5 BE G i 24 K i S0 L0 23 B 2k 5 45 R g A 40038 1
BLOEM L U RN T RS Z A% S BEARGRERM G, HAWHOCRWE B U, IRt & oF & B 2 & Kok
AL R AR WA R

KRR 2 O PR A SR S5 R FRAT A B Ak S5 -TE MG R

FE 2250658 X ERARIRAD : A

Research advances in the preparation and structural
characterization of depolymerized oligosaccharides from
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Abstract: Polysaccharides derived from traditional Chinese medicine (TCM) have attracted
widespread attention due to their excellent bioactivities, such as immunomodulatory, anti-
inflammatory, and anti-tumor effects. However, these polysaccharides exhibit inherent characteristics
including large molecular weights, complex monosaccharide compositions, and diverse branched
structures. These features result in low bioavailability and difficulties in unraveling their structure-
activity relationships (SARs), thereby imposing significant limitations on their practical applications.
In contrast, oligosaccharides possess distinct advantages: they have low molecular weights,
relatively simple structures, and are easy to purify and characterize structurally. Owing to these
properties, oligosaccharides serve as ideal models for deciphering the SARs of TCM polysaccharides.
Consequently, the preparation, separation and purification, and structural characterization of TCM

oligosaccharides have become the core research focuses in this field.This paper firstly reviews various
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degradation strategies from the perspective of degradation approaches. These strategies include
chemical hydrolysis, oxidative degradation, enzymatic hydrolysis, and assisted degradation methods.
For each method, a comparative analysis of their degradation mechanisms, product distribution
characteristics, and applicable scopes is conducted. Meanwhile, it elaborates on the modification
effects of different methods on the degree of polymerization (DP), anomeric configuration, and
branched structure of oligosaccharides, as well as their potential regulatory roles in the bioactivities
of oligosaccharides. Subsequently, this paper carries out a systematic review on the chromatographic
techniques commonly used for the separation and purification of degraded oligosaccharides, in-
cluding gel filtration chromatography (GFC), ion-exchange chromatography (IEC), hydrophilic
interaction chromatography (HILIC), and porous graphitized carbon chromatography (PGC). For
each chromatographic technique, this paper provides a detailed account of its separation principle,
applicable scenarios, and specific applications in the separation of degraded oligosaccharides.
Finally, regarding the oligosaccharide structural characterization techniques-such as monosaccharide
composition analysis, methylation analysis, and nuclear magnetic resonance (NMR) spectroscopy-
the paper clarifies the complementarity between different techniques and their respective limitations.
In summary, this paper focuses on the application of combined strategies-such as chemical hy-
drolysis, enzymatic hydrolysis, and physicochemical hybrid methods—in the preparation of degraded
oligosaccharides derived from TCM, as well as the roles and key points of separation techniques
and characterization techniques in structural elucidation. Looking ahead, the preparation, separation
and purification, and structural analysis of TCM oligosaccharides require the further establishment
of standardized protocols. Additionally, the integrated application of artificial intelligence and multi-
omics technologies should be actively promoted in this research field. It is believed that with the
continuous in-depth exploration of degraded oligosaccharides, their SARs will become increasingly
explicit. It is anticipated that progress in the purification and structural elucidation of TCM-degraded
oligosaccharides, together with the convergence of artificial intelligence and multi-omics approaches,
will bring clarity to their structure-activity relationships. This will, in turn, enable their more precise
and impactful application in functional food design and pharmaceutical development.

Keywords: traditional Chinese medicine polysaccharides; degradated oligosaccharide; struc-

tural characterization; separation and purification; structure-activity relationship
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Jo8 I PR KR R AR . Kraus ZF/"EH T g(1—3) 1k B
(1—6) 7 %5 B8 % 42 19 3255 19 AR50 SRR & H 4k
T P 0 M ) 6 B ZE A R AR . Zhu ZE0X) R
¥ & M (galacto-oligosaccharides, GOS) Fil 5 5 B
(fructo-oligosaccharides, FOS) # 2 A [a] (1) 3k 714
Ak M S5 UE AT DI RE X EE , & B AE A W] &4 GOS
R FOS WOR AP AEH o Cui % HEW] T
ELAT = 88 S R G5 40 1 B RN 28 B 1S Pk T
WO EH U ET UL W RS A 45 A X A 3 v R
HoEErER .

AR 5 S A I S 32 T Bk I B AR
D7 1], W5 2200 % filk Sy S0 2 — A 28000 45 1 e P oK
W&, BE WS PR L L BRA PR S A IS v . SEREE R 2~
20 /> BUBE B ALY /NG FREEE S LA T AR
ZIN L5 A6 AF X TR B 3E A P AR ZE 0 30 P E 5 A 6F
%o FEMGSERENTTk 2 R E WL ik £
A4 TR 1 Ak 7K A R A A B A 25T BB RS AT RUR AR
B R A WIS R SR R B, IR AR TR 2 £
W ) A W i M BRI T B A

155 %0 W M 4, 7% (high performance liquid chro-

matography, HPLC) . # % 3L J& (nuclear magnetic
resonance, NMR) F1 Jfi i (mass spectrometry,
MS) %5 LA S £ A, il BF 5% N 51 BE 8 X [ A S0
(0 45 K R AT R 4 f AT X SRR 1B AN
P AN ) 2 2 ) (9 45 40 2 S R I T T AR L
Jy g b 2 Z MR RS H o T A Z
KRBT THA (AR R A S 45 H D
20 RN H A ) T e 2 A TR L e Bl B R R i B
BE A= W 6 M ML B TR OAIE ST, KRR 22 i UE 4 R
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AL, 3R G A0 5 B fif S M PO AR 20OC &R 1 i HE 3l v
2l Z2 0 AR AR R 1 By

ZE LRIk, v 2 220 0 E v RO AR AR e
it L B Ry B 5 A T A 2% ) S R P X R AR T
PR SEME G o 7 A 25 R AR R B
200 1 2 1 BRI I R Y AR BT DR K 22 0
il R S0 B, I SR Y 3 T L TR A B 220 R
IR MR 2 — o AL T AE 4 1 0] % i 55
BE 8 ) £ 7 3 o3 5 ali Ak K 245 44 i B £ R (%) Bk 5 3t
& UL Rk M R IR S HF B Tk a R
FECHE SCHE  JF X LA ek AT TR E

1 EWERERAE

1.1 LK igE
1.1.1 B K f# %

iR 7K fiff 1 2 — Bl AR e B 32 1) 22 0 B
AR, Az O AL B T 5T - X S AR T
ER I A S EOB T R % N R
7 5, AR I, 7 R R Ak B b AT HL AT S A
{H o 7ESCBR I H B XA 6] 45 48 1) 22 0 F o b H
(1), e VAR LB 5 1 1) o 28 5 K M 4% 1

B PR 2 00 ) T HLSR IR, A 7 — SR
FERY Y Z2 WK A R TE R T R 1R Sk A
(1 Z2 BB 00 A5 A o 90 Az ik S50 - R (—
it K AR B IR 28 ) ] 0.1 mol/L B R T 60 TR /K
fi# 22 B4 J# (degree of polymerization, DP)2~20,
K 192 1o 51 Ao 1 28 K 90 e B T 22 0 R B R P
W A AT DR 5, &5 SR 3 I B 22 W A B e b 1 B
Fcfie T2 F BRI FE 10% IR JE 100 C A 2 h,
AR BB S R T IK 36.17%. W ER I B i S AN
AN e V5 OO S ME LA 25 B 38 R R R Ak EE
Sl ARBEITIERE 7, TR S 6 5
Mr B glifb it 72 .
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J2 BT AT A5 ) B A SR OM 45 SE M AL 4y o R TR K iR £
W25 5 7= B T AR BA ) 8, T R TR (0
T A3 BT R A U, A RS ) B R AR R 52
M) S M 5 1 TR

= % 4 & (trifluoroacetic acid, TFA) & 52 I
=5 R T A S R 00 05 R AR . TFA A% 0
PAE T AR T 2R 5 ¥ R BN s T 3 A e i 75
R UR T LB A SGE R T T ALER B g
A WK AT S S 24k i R IR0 D T 3 -
ST T, B RGEAE AL TFA AR I R
], A 7 — 5 R B 45 o KA O i 1 R A R R
GIEEAER R B A EHF%S KM 1.5 mol/L
TFA T 80 TR FEffdb b 2 28 4 h, 3815 DP 4~11
1 7 S5 0 5 A T R S AR AL A& 4R (1.0 mol/L
TFA, 80 C, 1 h) 8§ 5 2 0% rh 45 2 H AT 5 55 3% 1
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HA AT R pH R E R AN R
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HMF 55 2% 03, 3- i 40 7 76 4 I I 2% 52 o) e 40 Fk s
PECURIBT 835 MLV | 5-HMF 23 T 4050 S8 A 35 1k A
GBE N HE AR L T DA I S R PR ) AN R AR B B 5
AT S AT e o7 W A R R R W ek R e
ST R LR R P ) I M R AE

W Ab  J5TF 6 A B 1 B ML o AR T e T K
fiff 3o A 3 LIRS 0 45 ), 25 5 8 A [R) DP SE R &2
ZIRA W), X B 5 0 S T B N TS 224 B Atk
5250 A B A e E . PR L, 3l o R S Ak (AN e 52
PRI R R T3 ) SR AT G 22 B A R T R R
71, LA T H A% DP i [ S 0 A5 23 91 B AR R R R
AT 2 R 7K A 0F 9 1) S B R
1.1.2 & 1b %

B T A% GE R K | A R A T A Sy — Tl ik
T 1 A4 ol T R0 A %) SR s, DR R 2 N 2% 2 R
TR BRI A2 B0 ) SR T
O ML 2 R SR AR TR0 7= 2 1 R 3 Can - OHD) 1k 7
H ) A S R A OB O AT e R A e R M
i, DTS2 B 22 R ) T 2

o AL S (HL0, ) B fiff 1 DR AR AR B 5 Ak 4 75
B (A3 i 7= R K ) € 12 SR BE 5 T R e )
LR Z — . flhn, B EE g R A Ak S -B
Wil 2 (H,0,-Ve ) 14 5 K i & K AL Z 0, i) 3145
T TR 9N 129 .46 Fil 15 kDa (1) 3 Fh4 4y,
I IR A I 22 B8 0 L R T T . R
(O3) R fif T 2 — P T LAy St H R, R T A
Bt Te FCAE KBS WD 4 0 7 A 0 8 ik ) Hy SR 38 T T
dr WG o 2T PRAEDO B AU R A R R
AT W A, a0 o o PR 2R A 06 15 3 95 1 I 1 2k 1 4
SR SN B E] 1 h BRI 6 g/h OB L 1%
(g/mL) VA M 2 N iR FE 55 C, HIR A r= ik A &
Az B 0 Rk AT AR Ak U B B AR AR AL AR BRI B
(14 [ B, B 5 i b % B8 22 W 110 D6 4 45 4 B 2, 3kt
TR AV B TR R A kg
RS TR I T AR AR R L 2 B Y C-C i, AR

B, AT S OB A 14 T 28 FURE B A U0, X b R
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PR R RN X 5 R ) 22 B I i Ry 5
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AT W 50K e R R SRk S A O B, UOT &
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P T + ST N TR 26 vk 8 V6 9 19 b 2 W 4R Ak
LR IE TR I K B PUBE I 7 T R X 4
TR AU BRAR 1 i ) T B, 9
T 6 i 22 Wl 4 4 B3 BT I B A R T AL .
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A g T gt 3 R R D 1) R S AR AR T R
ZHELLIRAS BAR S R B S R . S ke R
it T M L R LA SRR R R LR
/5 S A BE 8 e A IR R MR W B 00 45 4
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PR,

R AV FH AL (4 N [, 22 0 % foe g 2 243
P U0 W I RSO0 B T R OR 2SN DR i
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) B A AT A 22 4 o S AL i 7 1 AT o] 007 B, DA
11 5 K e 22 B 0 50 BR [W) DP B B2 88 A B, J2 il 4%
AT DP SEWHR G WA £ 5 T 2L i 1 Sh YR 4
it ) DA, 2 B 194 1 3 DA i MR UK U0 B R R 1~
2 AN BB R

AHHL T4k 4 B A 1 1 5502 DP 43 A B L =9
T — P X T AR A 2 0 5 0 O R T
(OE=S ) e Qi g S RSN VA R N R
fiff S R AL W (. Wang S BRI, A
Z R 2K FUR S R B 1I(RG-D) (9 K 5 5P A AL TR
M 2 BT L BT R AR U . AT R -1,
5-ce- BT 7 A SRR Ml S 0 2 RN B IS L A B R
(b 3 T Pk U 56 4 42 2 E BH 22 I i 235 ) 2 & 4%
NS RG0S s 45 0 . X 4R 40 DL 2
HER, SRR KR e TR AR K, FER
FH o A T B - 20 BR TR K ) ST R A R
£ P9 DIl A 390 24T D T A e X R Ty i S 5 5
B ; Zhang %' 3@ 5k Bacillus sp. MSJ-5 43 W HY
U1 -B-H 5 b B 8 2R MK S i DP 2~6 B9 H 88
IR . X SR AF 5T 2 B, P9 UDRE A I B 0% 0 i vk B
A A R T R S B X 22 W B0 ORG o DD 2R AR 45
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F4 W14 A DP 43 A0 S A5 I S0 ) .
1.3 BNEMRE

oty By R e 1ok L 2 T A R AR 22 M I ik T BB
2 3 AR BT R 2 — o I EORE ) BT B (0
PO O HLAE T A ) 5 Ak 2 B A AL R i AR 45
G, 38 3 P [ 2508 I Ak 52 B A% DT 4 e B i A
TR EREE SR BARHFR D,
{I% #4755 % (deep eutectic solvent, DES) i# i i
B AR BT Z O B O M S AR T 2 28 R A K
R, G fig e R AR AL IR - £ B e DES i
Aob FECH R (R R R A 4k R AR IR T 1.58 1%
Chen %5 I T & W B M P4 %, IF R A
DES ¥4 2F 4t 2 5 I T W PEIR R A e 2= b . 2
DES 1A Z 51 A M9 57 25 5k 5 J5 b 31 0 B- 39 m 1 1
2R B R G A AL R W ) Al S Py Re
A% B0 A AR AR HL0, Bk K i 5 A
B K it %R, 6 PR HLRL 22 R A Ak B 28 0 B
T AT T 5 BEE L U AR T 4 8 L A SRR H

*1
Table 1

SRR . Zhou S5 DL R M AR B Wl 58 7
g5 AT R K AR, DL i R RO R R R R SR (xy-
looligosaccharides, XOS) iy /= & . B KM &5, 9
A7 B VR 8 o 2 AR U R AR, Oy 2208 B A
SEWE W)Y P i G5 A R AR DL TE 1 AR I Tk
TR A TR R 5 5 AT . Bk 4 F
F2 T B S A PR X FVE B R 1 TR .

2 BEEREMSBESEN

b T W ARS8 RO 22 B 68 3 B R AR A 4y
BB A ] 3 26 B R 32 S R] g3 Oy 5 i Aot g 6
T A A3 R AKAE T 3 R 2 AL A A b B
55 T SO AR IR 25 SRR R Bk o
2.1 EEEEEE

HE I 3 UE {4 3% (gel permeation chromatogra-
phy, GPC) , 1 % Fr i R ~F HE BH 2 1% (size exclu-
sion chromatography, SEC) & & 3 4 F 7& 7K #H 5§
A HUAR W 1 A T A R AR (BORAT ) 22 S i AT

IS HEE BRI

Comparison of major degradation methods for polysaccharides from traditional Chinese medicine

Comparison of

degradation Acid hydrolysis Oxidative degradation Enzymatic hydrolysis Assisted degradation
methods
Core electrophilic attack of H* non-specific attack by ROS  highly specific recogni- enhancement of mass trans-
mechanism on the glycosidic oxygen (e.g., *OH) on glycosidic tion and cleavage of tar- fer and reaction efficiency via
atom bonds and sugar rings get glycosidic bonds physical fields or novel sol-
vents
Specificity non-specific cleavage of all non-specific highly specific to certain  inherits the specificity of the

Condition mild-

ness strong acid required equipment for ozone
Product mixture with a broad DP preliminary control of degra-
controllability — range, low controllability dation extent

Main by- 5-HMF, furfural, monosac- uronic acid loss; sugar ring
products/ charides, monosaccharide opening; aldehyde/carboxyl
effects degradation group introduction

Structural de-

acid-labile bonds

high temperature and

dehydration; configuration

relatively mild; special

hydroxyl oxidation; C-C

structiveness change due to harsh condi- bond cleavage

tions
Environmental strong acid usage; waste H>0, decomposes to H.O;
friendliness acid streams expensive periodate
Typical appli-  initial depolymerization, producing antioxidant oligo-
cation large-scale pretreatment, saccharides, structural se-

sample prep for analysis

quencing, material modifi-
cation

linkage types and sugar
units

typically under mild con-
ditions

can directionally produce
oligosaccharides of spe-
cific DP

few side reactions, pure
products

perfectly preserves sugar
ring structures and con-
figurations

green process, mild con-
ditions, no hazardous
waste

directed preparation of
well-defined oligosaccha-
rides for detailed SAR
studies

primary degradation method

can lower the required tem-
perature or time of the core
reaction

significantly improves the
controllability of the core
method

generally reduced; milder
conditions reduce secondary

degradation

aims to mitigate the destruc-
tiveness of the core method

improved efficiency leads to
greener processes

enhanced efficiency of tradi-
tional methods

ROS: reactive oxygen species; DP: degree of polymerization; HMF: hydroxymethylfurfural; SAR:

DES: deep eutectic solvent.

structure-activity relationship;
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O3 B0 — ol OC B B R, AR O L3 Ry RUST HE BH A%
IVE < B K - R TG ok 0 A T S R R L R i SRR
V) B PR A Ao R B VR B 5 AN oy T
HEAFLBE IS A R A B R R BT S
A 5 7 RSE R BN 40 80 o 53X — 40 88 Rk
i JHL o B B F 5T o e R R A B R AT A i £
BT HH T 24 1 K W AT 028 4y
A, F BRI R R R B Koy T 2 2R
INGY T 2RI, T 3 T R0 A3 T A 1 R A A 22 1
i 2R, X6 S WH AL 40 19 26 W40 1 5 43 A E AT 00 46 O
fili o SR, GPC 11 i FH A A7 76 B S 1) Jmy B o
B PR IR T HOR A FLAR A3 A, X T4 F R A
k2 3T 0 A 4y B TR — 4 B N S (R 45 48 1Y S AL
X o e A BRS

I, GPC AT % R IR A AN A
HLT LS 2 AR I A% (LR 23 E Rl 4% RILZ A
JE 306 6 RS MALLS) 78 28 5 0 4 3, 5280 43
T 0T S 0 AR X /4 xR, O il B ) W S AE AN [
DP [X [H] (9 53 47 5 {7 53 85 45 5 5 52 K5 N W B R il B
fift K A B A TR 2K B2, DR I R R 1 ) R b
2R P Y 6 TIE v A R A T EE MR R AR AR AR

i 3 K B TS O A 25 R oRLBE 4 23, 9F T Sepha-

dexG-50 #E i #E 2 AT 4 85 i Ak, 15 B K % T 4 3%
LW, Tsai 2519758 3 Smith W15 5 R 2 28,
Xof H pE A7 B /K A, 1 1 Biogel-P10 BE G HE XS R 2 £
W R 1 Ay AT A B Al A3 B R 2 AL . X
S 17 58 AR IR T % 7 AR N 2 AL R v e R
R A A P W B T T A S R AN A

22 BFxHkait

B T 22 # 4 §% (ion-exchange chromatogra-

phy, IEC)E N e R i R 2 — , B4 2
O3 B AL R T A% R BOME S AE AR R Ay I
F B Hor B S mb R T B AR 5 5 A Z 8 A]
W0 A AR R A TR T B M S
T 1 3h 25 1 52 30 40 0 AR R [ A S A
T4 N B T A8 e (a3 AN BH 2 T35 e i . IEC
XiF A7 A HL A A SR (AN 5 A R 3 T R 3 4 1 fr
ol 1F H A 9 S A ) 2% B LR Y 43 B AR O, nT AR B
FLfnf 2 B HRCIC 3 B4 22 R A R
IEC 4 1 FISE A AL BR T [ B i o0 1 B
AR5 I B 1 A8 4 {0 3% (HPAEC) 1 — 101 8 K 58 i
2T HOR F = pH A (958 6 B (i NaOH) | fif
ok S 2> 7 b B R 3 (COH) & A IR LS T, A

B B I A S (-O7) , AN R85 55 1] AR & A=
YEM 03X — BLEE I b b ok 2 - 28 40 1 7 9 e &2
e S S T R Ry 3 0 AT b e T i A ] 43
S R B AL 7 . Kazlowski 453l i Car-
boPac (TM)PA100 75 2 [ B 1~ 58 4 {4 1% #E 73 B 4l
6T B S . 25 55 A5Vl FH NaOH bk v Y itk
Pk, il 17 CarboPac PA10 /= R4 BH B 3¢ ek 45 & fk
M A FE A Ay B T 7 PR SRR Sy . TEC 7R
) 7 LB PR 7 20 AT A IR S O T LA AR A
B HAD 4 8 5 RAE T BB M, LAARAS B AT
MEEME R . WEEEN S, BT E pH #H &%
IR 2 55 S B0 o B 2R A B s e, S PR
WA T A S 2 Rl R AR J7 ok i UE 45 R 0y AT
M
23 FEKIERBIE

£ K AE ] 4% (hydrophilic interaction liquid
chromatography, HILIC) i i #% 4 [ & AH A1 =5 L
A LA L 1l i) ok 45 A B 58 52 9 43, LR B2 AL ol
5T o 7 [ AH 26 T K )2 5 0 3 A 2Z Rl 4
Jic S HE 2K M 25 55, 33— R P 0 G B Ay 0 e A
fEA W, o H e R R SERE I FRAR .
S 6, 3% (reverse phase liquid chromatography,
RPLC) H.4h , HILIC B9 4% 0o P54 A T I X 2 40 1k
itz ME PR . BT A % DP 43 E
SEBE AR X A i B 5 S i A (a/B) FIT B O
] (1 1] 43 S p e i — I B fili HL 5 5 i B0k P g
M SORS A2 A AT R SR ) T 2R AR AR
7 FH 235 K 0335 - v 2800 AR €8 35 - 2% R O RIS A
(HILIC-HPLC-ELSD) ¥ £ T % ¥ 1€ £ W il fift = )
RO . Sk R S K AR €635/ e a0
HH 5 3% - 15 43 9% 3 i (HILIC/UHPLC-HRMS ) 2 # 37
G ST S FLIR PR i 22 W 43 1R K ifk YRR I SE OB 1A
W&o SR HILIC 43 2514 Be 1) P Ak 2 — T Pk ik, FE X%
A PUA L) AR IR R SR pH (E L ZE vh R S
B Ry R TN B AR AR AT i B0 B A R] R R
PR 5 2 O, s e R e R R R O R S
DAL 55 7™ 4 1 R DRAIE .
24 ZAAENKEL

R Z B AR, 2 LA 5 ik 6% (po-
rous graphitized carbon, PGC) £ {5 H 45 (1) £ £L
A7 s A B ] 5 A 0 2K (] 53 S AL A 1 43 5 D THI e
U 3T S JC AT LG LA e o R . LA B AL )
AT B RAE T A A3 T D R TR B A K AR
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FH B A AR Cor-ar T m-ar) LA K 55 Al oz BELSKORE
AT R 556t DX 0 o S Sk i A8 2R (B W B 02 42
A7 A5, 3 SO IO R 22 5 T 3 B0 /D 2 ) 45 4
AR A, il G BA BT ORGSR I

PGC L 3 AE T ol B 5 44 4K 43 B BE T,
Robinson %5 i+ PGC-MS B¢ RAE /N & X rp
43 & DP 2~20 B ZEME . Li 451X g B a4k 2 it
o B aifl, AR ¥ A o Ja , 6 H b A7 R /K i
& H ] PGC-MS B HIH A X K i 5= Wy 2t 47 50 #r
B %5 RGNS (6] 43 o o 0 SE 0 A B

SR, PGC 1Y 5 K BE 7 o A Bifi & 10 4 1) kA
Horh B {45 T8 R A R U I, R — T B2 4% 7T fg
FE 15 1 e f B A~ 0 3358 R IR T SRR A L o
B AL Y S K AR BT 2 B T AR Y, % T £
SEMERIR AW, 1 A S A R A S 1 E s s 2L
B T s A R R AR A A OR TR R Pk
0%, 3% — 1% B0 T AR AR AR T AR AR
Hh PG [ 2 AH X B 2 55+ B AT B 3 09 8 78 BE T,
SR Ty B I e B R O D0 AR B R I AR F (A AL
A EC A R R ), D ke G M R A I T LA
AN TR A A3 8 Ak R PG e AT R s PR Nk 2
FFR o

3 EHRAE
T 4 A AT 2 B SE R PR B0 25 0 A AT B B

SR8 e 0 THN il 5 3 NI B s T R R 3
PR AR 4 Fh B AN I R0 E S5 . X 4 B EER
() 43 B3 L PR S5 R R an 3% 3 Frn BT 3k [ A
BT — > 5 3 1) 45 K i A7 SERE IR R o
3.1 BEARSH

T SE R I Z2 W 245 K ff BT 160 A2 s Y B, P 4 B
3 BT 2k X S M 28 TR K ik B A S G B e M
el N I N R e S T ) T D S PR R AR |
TR UL AR R B oy B 5 K I R AT AR (n 12K 3
-3 PP 3 -5 -tk s b 497 A4 Ak ik ) 3 3 58 ARG T 2 A5
FE R E TR E A I R AR T RS e
T - Jik w42 15 A6 I (HPAEC-PAD ) 8§, H Al 46 1 28 (40
TN ZEYT A DU # LA g5 A D B ) B T U B B
PEAT o B 5 T AT A K i R L
(1% 5 i T 25 4 5 2, DA B it 6 0 T 1k A A Ak (2R
DINER RN N O < g
3.2 RIEHEA

JoT 3 7 L0 S5 0 g b b AR o T R S A
R EEEE B R MR s T T
Gy A, LA R E R X, R A 1) AT B Y o A 0%
P s AR 3R F B HE R 43 [543 S 4 4 O 465 4
TESF AN SR AR M TE A o AR b e A 1 B/
Y R R BT, HOR T L (m/z2) AT RE A A AH BT B 2
SEAIE . BN, a( 1—4) 3% 52 0 75 % B A g(2—1)
T 45 1 SR A OB A B 4 O AU R R AR TR

K2 FEASBAUEARNERELSE

Table 2 Summary of the applicability of different separation and purification techniques

Chromatography

R Stationary phase Main advantages Typical application scenarios Application cases Ref.
technique
GPC/SEC porous particles enables separation by fractionation by degree of po- isolation and purification of [72]
molecular size/hydrody- lymerization; desalting; re- oligosaccharides produced
namic volume; mild con- moval of large/small molecules by hydrolysis of oat 8-glucan
ditions
IEC charged func- high capacity for separation of acidic/charged separation of hydrolyzed oli- [73]
tional groups charged molecules; oligosaccharides; often serves gosaccharides from Plantago
(e.g., DEAE, achieves separation by as the first purification step magor L.
CM) charge density/properties
HILIC polar groups exhibits superior perfor- separation of neutral/ polar oli- separation of native cello- [74]
mance for polar com- gosaccharides and isomers; of- oligosaccharides and oxi-
pounds; high resolution ten coupled with MS dized cello-oligosaccharides
for isomers produced by cellulose hydro-
lysis
PGC porous graphi-  exceptional resolution separation of challenging iso- separation and analysis of [75]
tized carbon for isomers; maintains meric oligosaccharides for de-  oligosaccharides from mul-
stability under wide pH tailed structural analysis tiple sources
range
GPC: gel permeation chromatography; SEC: size exclusion chromatography; IEC: ion-exchange chromatography; HILIC: hydro-

philic interaction liquid chromatography; PGC: porous graphitized carbon.
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Table 3 Comparison of four key technologies for oligosaccharide structural analysis
Technique Primary analytical scope Core advantages Major limitations
Monosaccharide qualitative/quantitative analysis of  high sensitivity; provides funda- prone to monosaccharide degradation dur-
composition monosaccharide types and molar mental primary information for ing acid hydrolysis; no glycosidic linkage/
analysis ratios structural elucidation sequence information
MS molecular weight determination; extremely high sensitivity, mini- limited distinction of isomeric monosaccha-
molecular formula inference; se- mal sample consumption; de- rides; difficult linkage differentiation via
quence/partial linkage elucidation  tailed fragment ion information; isobaric fragments; no a/8 anomeric con-
compatibility with LC/GC for ana- figuration information; quantitative accu-
lyzingcomplex mixtures racy dependent on ionization efficiency
Methylation glycosidic linkage position/branch- recognized as authoritative for di- complex; lengthy; multi-step derivatiza-
analysis ing point identification; hydroxyl rect linkage determination; clear tion; ineffective for acidic/sulfate-
group involvement in linkages branching architecture revela- containing oligosaccharides; destructive to
tion; intuitive results compa- analytes; no sequence/anomeric configura-
rable with standard libraries tion information
NMR spectros- complete molecular structure eluci- provides complete solution- requires high-purity, milligram-scale
copy dation; o/ anomeric configura- phase stereochemical and confor- samples; complex spectrum interpretation

tion; sugar ring conformation;

mational information

due to severe signal overlap

linkage sequence; branch point lo-
cation

ASERE R IO O R TC T R I A TR A . HL R
Wy SERE R R LAY OOE L0 A A Y L FLBE R T RR
Wi Ho 7 B ¥ Sk 180 Da 1 ICARE 4 ) Rz A B A1
A WE 4> F 5 348 150 Da. X 26 6] 4 5 44 1K 78
MS/MS i # Fr B2 ey BE AR, O B2 32280k
A A T R RN R TR R b DR AT T AR At T
AL, X HINGE A . Guitteny 250 2R #  R
S AR ik b A Z2 B, O (8 FH 58 5l B JBO'G A T L S
K AT B [A] % /X (matrix-assisted laser desorption
ionization-time of flight mass spectrometry,
MALDI-MS ) 6 7 A= 4 SE 8 23 A5 e iF, 460 0 21 12
it 7 5 T B0 B b Y Ak D s BCIE O T e AR R
A N1 a7/ 0 NS e 4o~ o C AN - 1R 2
B A —E NEE, X HE B — L g B
B3 A R AT . il SERE TR R R K £, S i
AR HE S Aok R R A VR R R . A AR X R R
e Ml A S HE AT BT R 23 BT I LEE 2, DP8~16 1Y 5%
W v S5 A AR () R 32 % 00 I R IR %
3.3 RAEWASH

FH Ak 23 BT 2 4 s T W OB B O U
RS Tz — o H FH Y S 4R AR R X BB AT 58
AL [l B R AT AL L R &
KA R 2R A AT B AL AT AR ), R
SRy B 4y B HE Ak () [ BE B 20 2 R (partially methyl-
ated alditol acetates, PMAAs)., PMAAs [¥J H &4k
A7 53 5 P BR 0B e ) e s e SO 80 - BT
SRR S R <l W TN T R L S Tveedt )

R R VA N I Sl A N (= < NP L & s
BT Tt B8 (RO 17 6 372 122 067 0509 BB UE R L SR T, X T
TRV EPE M R, B R AR E
() RE b, 3% 07 1R AR A e DL S 3 78 4y B 3 Ak, AT 52
U ) VA Tl R TR O W) U B~ A 0 o T W7
PEHE 5 Sk ik B A8 U B (-1 G- H2) , W5 11 5 1 57
A U X FL A 3 1 A DG L H SR A i R s
IR 5 3K Bk i Tk vt AR 0 PMAAS i AR ) TC i
R RV S R S S P S LB S s o T W7
P HEREEE 09 51 45 8 B AR 4 A TT A4t A A
L Nl A R R N ENES R LI 37 N o i)
GY BTN RO T R LA A A U SR . Rt
B G R s 3 SO [ L R 0 R T R DA AR A
JGE S HE 51 B 1, A JC VA B A8 o S AR A
HORTER IR A
3.4 BELHRER

NMR & i8R Z HiE X R S8
oG T B ) — 4835 K ('H."C) 5 4 i A
(n 5% #% 5 4 1 A5 T 1% (heteronuclear single quan-
tum coherence, HSQC) . F #% £ ## #1 5% % (hetero-
nuclear multiple bond correlation, HMBC) . 4 #H
73 (total correlation spectroscopy, TOCSY) %)
AT LLE LR I 0 E /B R Sl AT W B 0 45
5 05 NG O, T A6 FE 2L 18 00 T 45 0B S 60 1 A X
S S S A= S S R S S
LAl A i FD R B AR A R B BLRE L TE D,0 SF
VoS ) T B S A SR A L 2 5 Ak 2 60 B R G R A
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HEE R S TR I SRR L AL AE NMR B 4% fiff Ay 58 B 45
FATE SR T e LR A, ™ A9 5 5 B 5 B2 9 AL
SRS oA R EEMERR . SRR T (THD AL £
¥ E B — AR W A X ] (6 3.0~4.4) , FF
BRI R H-2 & H-6 i+, HAL 2= 55 5 )
AL, S BUE 5™ BB L B A 4R
AT LA G fife X — [R) R, {EL G 25 Bl 5% DP O3S0 A 3 S0
Z (RS EE s RIERGUNR™ .

Li LIR , SERE 9 S5 A AT R — TR A R G
TR BRAE M T A DP IR SEME LA, AR 4
ARAR ME RE 95 £ A H 58 R v A B0 SL AR e o S5 S
B B 4 FEOR & BRI S (Bl AF 1 TR
5 v IR B [ A R R BT 2 (A B T R 5 ERIE

4 ZRE5RE

rh 2 AR AL O 98 B 7015 B AR T B, W
w2 2 45 7 R B SR b R AE R AL . b 2 2
YER—F B 20w TG Y, RO R IFA W
T, T e 24 e R SRR AE Dy S 4 5 R 2 W Y 4R
B, HA o 7R S R 5 T alifb S i AT S
FE SRR ER 2 205 A YT AL A B AR

Hh 2l % fige S 00 T 9 2o R AL K R A L4 LAl
URSE R E S NiR =S N 3 AV RS
HXFH B 20 6 5 W A5 A DR A« R K A R A 1T SR, AR
i, {8 5 7= A= @ 7= W), DP 4346 B 12 IF 0] g B IR i
S5 K8 5 A AR IR ORI T X E AR R B
] P R RS 0 K E 2 DR R S R P 28 1 B
il 5 40 B~ 2 B FH 9k an e el B K A L B - T i
G T A - R VR RN b R K DA B 4 D B B R D T T A
FE B 15 K A 20 5 ) 77 ) AR B TR B
W1 B R T R R R . R S R/ AE T
Ifi , GPC.IEC HILIC ,PGC %/} & T Bt 5 5 H oy
Br BT H AR A3 BT ONMR 25 25 by 6 AF T B i
T RN B - - -SSR AT IR R
FROE R AP STAR A T AT SE S L SR TE MR TR
TE AT AF A6 B P | G B G M A X LA A, X £
A S AL A B AT EL PR R L AR RN L AT
ANTE 2 e L2 A0 | e 8 45 38 I B A 5 0 BT R
W, BN (AR R A TR 1) ] 8

P AR, T A AR FE A T H R 5 2 2Rk g S

B TR EW . BN 1) RN T RE (AD) R 45 B R
P SR oy B 5 RAL AR . oy B 2L 36,
A T HILAR o > Bk, 2 T g s 80 R ([
FH2EBY 3 3l AH B EE VR BEBR E L bR S MR B
(] ) ¥ S TN ASE Y, 1 0 0 A X o S 45 4 Sl (A
MRk SR | rb Pk SR [R] 20 S K A4 ) 1) 2 5 A5 A, Lok
e Gl 1k 7 I M B O R 5 A S5 M R AR IR IR
o7 o BB R] KRR A 2 0 B A o Bl A X R R A
JE SERE ) NMR 55 8 % [0 85, AT n] i i 1 25 g
R, A SRR AR TR S X T2
G (MS/MS) B 7 A BT, AT BE PR VT FC % 7 B
55 TR 5 R R P T A AR Y e 4 Ty X
5 g FE A T, ORWR A N g AT R . 2) R 2
B A (9 T Rl T Ji SRR A M RO R AT, T 2%
WA EYE R SO A »E R E S TP
SEVE RS A R AR (AN SR 5 B8 W SR 2R A Bk 1B
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36 P78 38 e R A 73 B -5 S5 W O U PR B E O B 4
AR ATV i U L B Sk R v R TTE UR (354
e

UTAE K, 24 SRR A D BE 1R R A AT B T
JO7 T, AR B 24 BF A 450 5l B E T I 1 8L T R
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