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Research progress on analysis and detection methods of
chitosan oligosaccharide
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ABSTRACT: Chitosan oligosaccharide is a kind of macromolecular compound with biological activity, which is
hydrolyzed by chitosan. It has biological effects such as oxidation resistance, immunity enhancement, bacteriostasis
and hypoglycemia, and is widely used in food, medicine, agriculture, cosmetics and other fields.In recent years, with
the deepening of application and research of chitosan oligosaccharides, the detection technology and methods of
chitosan oligosaccharides have been constantly updated and developed. At present, the detection methods of chitosan
oligosaccharides include colorimetry, chromatography, mass spectrometry and electrophoresis. This paper briefly
introduced the classification of chitosanoligosaccharide, and reviewed the research progress on analysis and detection

methods of chitosan oligosaccharide in recent years, in order to provide reference for the further development of
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chitosan oligosaccharide detection method.
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Table 1 Classification of chitooligosaccharides

Eqi Do G FE 4 f#t/Da
FEEEWE(EL hh2R) R IR 340~1610
AT R HEYRE 340~2500
HFE LR A= WRCR 340~6000
TEHNR (R SR 340~2500

21 BRAEFEERE

ERLIZET 2014 4E0AA R0 CHresdhgm2k ) Folae
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B P EF AR 2~10 NRE W EREILHE 4
RTCERE, PR m TR A B TIE A, Has
K.

CH,0H
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Fig.l Structural formula of food grade chitosan oligosaccharide

H B i PR 5 S 2R DL ) it 8 s m
SRR FLHA . PRAd e DL A i b b B
RO R RSN, X T 7e ZE0E A 0] B2t e A T 22 T
AR 5T S B P AT S B0 P R
22 RULFERE

AN G 5T SR BRI REAT R[] 43 A H 7o SE BB
RIS R O,

R SRR T AR W A AT ARk s R
THA A R R, 3 TR,
FUFACRELA A0 G4 R, ALV S HOBDRG . i
Mot 1, TR IR A SO 5 IR ELG 35 T A58
—HAEAIRC. AR T 7 KKk DRI g
SRR T s S
AR LR F RS S L O
HEMFESENE T 1 B e B AN Y 32 R PR 5
PR AR, TGRS R S AL Ll R
SRR, TR AL L TR 4
WS R A, IRy TR ek, BURUCEH
P, RS,

BORSER 1R 0 — RO S e 2, R f i
25, SR BB TA WL, TR [ 5
G L, MO T RSB LR, AT
BT, BRI, EESEHIR 5L O
PR KR AT IR B 5 W O, AR,
I SIS LRI E RSy, AN %
4, T, FEA AT R,

23 ANREEH

FESEH T Ry RO R A2 00 2
ATLLFR S R SR St )
T A T SUBERF B1 A 20146

3 REESTNESE

3.1 Ltb&sk

HEIC T e SEME w8 i Z2 R FH L ek, Ld
B2 25 BRIR], X438 Elson-Morgan ¥ ZRE} - ER LA
3, 5-filFLKAA AR (3, S-dinitrosalicylic acid, DNS)¥E 3 Fifr,

SREAiE i DNS ik E T e F RS
J3E KO-SR4 B o 2 T A O e SR X b, R B
Elson-Morgan AN Al T2 SE05 & e 09 2 s 2R - B AR
e rp R E I A 200~3000 pg TE RS G A TR
M R, E R B - e Y % 2 S 1 0 {4 S B
B DNS I E e S 5 bR E I, SRR
96.1%, H. DNS i#RfEf 5 P, SFIIELF, nEEM T
LIRS R R AE .

B 25 VR FH 43 5600 B v 0 o BE R B R
W5 L 2 BE RS S (S S UE, R MERA b H I 52 SRR 1Y)
FHRA T . Sabina PR KA B =B R BN H B
£ 500 8 5T SRS W AR, X RO R R R AT R
P A, (LR BT I AS: A o 1 2 A T I 2 A i 78 3R
TR T 0 B 2 1 T o

Riccardo 253 F| ] Cibacron 7541 3B-A 1E R4 a4,
K EICRE B I, 16 557 nm &40 F, XA ARTFEER



%5 23 4]

FoEak, % SEEEMEOPTRIN ik iR s Uk 7889

R MOARMETA TR AN Cibacron 5541 3B-A RGO Ja VA
AT, 7E7C R B R 2~50 pg/mL WITEREIN, 528
B B 5 LR O 2 4% G & < Elson F Morgan T° 1933
A ST I 5 Tk P s R S e ) R O D S P
I, TG TIE ST B & i, BT B K AR O
WHAR G AE -

BRI ARG R, Wi &ERANE, MAKIRK,
(B FIAER AR S, R S ZEIT & — R 4 o] e
FE TR BT
32 @ik

(1) W2 EEs

)2 AL RTEARE AT IR AR B R R R,
SRR, T EAURGE, FiES T, BN, AR
AR 1 n] [ AT 2 AR A A B T AR o S T
TRAEER 2~10 WMtEMMEIZZE Lk, 5N
B K K =60:30:4(V: V- V) [ JEFF R R ohr, 25 5E SRR AT LA
MEVRIF A8, SRR B EZEFHE, RN
Ko XTI R AR OB G L S e SRR R
IR, R R A PG . sk, T,
AT LAAE A 28 PR A3 e SRR A Sl B2 14 7 vk

o T T 45 OO 1o ST Ny T2 (0T 40 M e SRR Y
Scft, FETEREI R @IS HIE AR BT R R L TE:
ZWE KR IK=5:5:4:03(V:V:V:V), ¥Ehh EATREE N 8 cm,
KRB R A 2B, BRI, EIELT.

R Z T BARTT LU T oo S0, A (R, (Hi )y
ARG, ResdbriiE A=, ke s, "TRATR
LTI BRAR G B . (AR, B ML X 5C SEWE A 8
I HTIR T BT LR B AR

(2) =R Sk

ERORA G (high performance liquid chromatography,
HPLC)/& 7 it 43 BT AR M 25 R LAt Bl 28 e v PR i, L
O, P, BRI, A IR
RRESR S A, 12 IR LA B i AE S BT, H A4y
B I e S0 B B I ik 22—

S S DS v KR € 3 1 A 5 S R v
FIRFH, 255388 HPLC 3l puskl | (= 0 I R e SERRAE
A 2~6 N IRA BE SRR S B o X SCHR S5 e SRR 4
W ER TR i A IR R 2 A AW, LA S RO 0 1 ik
R R S B R 0 ST SRR Y B i, R IR R A
B A BEAE 1.0~8.0 mg/mL i Fil P 5 €0 g i T
RIFMZLMCR, FHIXRECH 0.9989, ikt BRN 0.8%;
I 25 R B AR O BR D 228 1.5%(n=6), fINHR [ Sy
97.4%~99.2%, Ui W] = BORRH (L E B ERR, S5 T
Sy sl

AR S O ST T IRORE € R 1 R S S A

A PSSR S i, A S 0 R A v Ol 2 A
0.15%, RSy 94.52%~98.52%, TESEAER 0.0913~0.913 pg
PR LR YE, 1=0.99868, F5& SCHEEsR

RO TE AR T B R, A TS
HRZIN o (HAE BRI AR, U S A FIRR T S AR 2% & O,
Xof - — PR 2 B0 SR U, B 7 S S o8 D R AR A
T

(3) Bk

BT R R P sc R, s IR £
G e e e S e N | i 45 0 e M 1 R
AL T — R B L . RS R AT SR g Mo G
M, SO ERE D, WIS Puk, JTw i, Ak
FERREIT . A BRI T S I . Bt L IR
1R S BH B T A 4 e AR A Bk o e BRI IR X 5 Rh A SERE
CRAFE DP=2~6)bRUERE S T4 8, e Sl O 7 A 7
PRI FE SR R A

BT VE A 0 OO i G — T 4 R R Tl
HAR FA T IUAER T 8, B F 5 2R 7 (S
FIRAY RBIE RS, KMNEHERE, hTesehl
SRR I A AT A B E 220, R I S € G ) B
IS T S A, T A S AR BB I R B 2 | B AT 4%
ZRETIEER,

(4) BEIBIE O

Wk 5% {63 1 (gel permeation chromatography, GPC)
S A FFTIE S0 AF -5 4 ] FL AR 9313 P [T AT 2 e A T 65 925 I 44
Oy FARFUR /NS B B ik, O R | A LT
VBR3P 3 8 0 2 1 SR B AR X 3 T B
A4 F Wit 4 A, [l s AR A T FH 8 S BEORLAS [, 7T 43 8
FVE T FK VP I8, o B AR X o IR e A B L B
F) 100 PUF . BB GG BE HESF KN 1L A9,
AAXF 40 F BT AR 225 7E 10% LA E A BEIS 34> 550, T
TR BER M E

e L P A5 O Y e B 3 37 T 1 M S AR TR o
(5% S, A% A 8 TSK G3000SWXL, Wi 3 4
0.1 mol/L FEERENFIBLER, Al A =P ey, &%
T A IE 5 A fie s v 0 58 SR i 1 T
HABE LA A ] GPC 0 AN R gt e 18] 7 4 431 B 2
i, T LAFE S 2 7= S B b 30 3k s ) A g ) 42 7 45 R 40
Fat T TEME T b, T (R AR IS TR i A
&L, (R B I RE B B8 E & B2 v A R SR d . X1
FAT AL 1o VR 9B 3 (03 R BRI A T 3 AL AT e
AR o g el R v 5 SR ) 43 B B Lo A1 R
33 Rk

T S A I 5 SR M R B I A T s, AT LA
JHBHAE] K AT B 5% (time-off-flight mass spectrometer, TOF-MS)



7890

B dn 2 4 R R I A 4R

F10 &

B E S R > T, [RINHE S SRR A N-2,
P 3, AT LA S A Bl o i O H AT R] R
Hroc 2EH

TRATH[R] B R AT S S SRR R A L 4 Fal
T HA A A 7 1 ROAERA B RG ET) {BJE TOF-MS {84
50, B T iZE AR A

SRESCAETSER A 3-2-MhRE T HIE) N IR N-FRILBEH]
IV i ot 7 SEAR L AT AT 2R Ak, Xt P M E AT 43 B A Atk
R T H BN SCEERAT AR, RAAIMNEE . G
YRS IS X AT AL A PP SR AT RAE . AT AR
WS, SR H IS 25 R B T R X AT IR A B
SER R SENERE S F BT S SEIORE . S R
72 TR
34 EICK

H A B IKE S e M HRiEA 2, R
PMET SRR oy s lidl, EAUCHIRATIRME T —
ST A SE B o 49110 T S OV - b SR R A - SR N S TR
EEIRE LUK 7 R A BRI S ZE M A B, REASTRTER . PR . A
SIS G e S

4 B E

TEPS D G T AR 3R A R AR AR 77 v AR 25 R R
BT, STEEMEEARO AR 4 0 32 31 [ 9 Ah2 2 14
JTEZRE, R RIS A I EOR (A JE, TSR b
FRRR PR 23 R 3z, T TS TR £ A R E 2T
R R T SEME S TSI AR il 14 1SR M) R 3 )
R 2 — 2 Mo, (AR I 7 b de i i H AR 2
SNSRI, QT ik — 25 4 i e SR AT A M P A
FRABPEAS ARSI AT Z —

P S

[1] DangY, Li S, Wang W, et al. The effects of chitosan oligosaccharide on
the activation of murine spleen CDIlc(+) dendritic cells via toll-like
receptor4 [J]. Carbohydr Polym, 2011, 83 (3): 1075-1081.

[2] Yen MT, Yang J, Mau J. Antioxidant properties of chitosan from crab
shells [J]. Carbohydr Polym, 2008, 74: 840—844.

[3] Ma Y, Huang Q, Lv MY, et al.Chitosan-Zn chelate increases antioxidant
enzyme actitivity and improves immune function in weaned piglets [J].
Biol Trace Elem Res, 2014, 158(1): 45-50.

[4] Mei YX, Chen HX, Zhang J, et al. Protective effect of chitooligosaccharides
against cyclophosphamide-induced immune-suppression in mice [J]. Int J
Biol Mccromol, 2013, (62): 330-335.

[S] Xu W, Jiang C, Kong X, et al. Chito-oligosaccharides and N-acetyl-D-
glucosamine stimulate peripheral blood mononuclear cell-mediated
antitumor immune responses [J]. Mol Med Rep, 2012, 6(2): 385-390.

[6] Wu SJ, Pan SK, Wang HB, et al. Preparation of chitooligosaccharides
from cicada slough and their antibacterial activity [J]. Int J Biol Macromol,

2013, (62): 348-351.

(7

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Ngo DN, Qian ZJ, Je JY, et al. Aminoethyl chitooligosaccharides inhibit
the activity of angiotensin converting enzyme [J]. Proc Biochem, 2008, 43
(1): 111-123.

Huang R, Mendis E, Kim SK. Improvement of ACE inhibitory activity of
chitooligosaccharides(COS) by carboxyl modification [J]. Bioorgan Med
Chem, 2005, 13(11): 3649-3655.

Yang J, Cai J, Wu K, et al. Preparation, characterization and anticoagulant
activity in vitro of heparin-like 6-carboxylchitin derivative [J]. Int J Biol
Macromol, 2012, 50: 1158—1164.

Ribeiro MP, Espiga A, Silva D, et al. Development of a new chitosan
hydrogel for wound dressing [J]. Wound Repair Regen, 2009, (17):
817-824.

Chitin and chitosan: Functional biopolymers from marine crustaceans [Z].
2006.

Ratanavaraporn J, Kanokpanont S, Tabata Y, et al. Growth and osteogenic
differentiation of adipose-derived and bone marrow-derived stem cells on
chitosan and chitooligosaccharides films [J]. Carbohyd Polym, 2009, 78
(4): 873-878.

BUCAE, #hAT, XTI, 4. SESEM 205 B BB A R U
BrEAEFIRIRISE]. PRS2, 2007, 37(3): 443-448.

Wei CZ, Han BQ, Liu WS, et al. Effect of chitooligosaccharide on bone
quality in postmenopausal osteoporosis rats [J]. Period Ocean Univ China,
2007, 37 (3): 443-448.

Dai X, Chang P, Zhu Q, et al. Chitosan oligosaccharides protect rat
primary hippocampal neurons from oligomeric B-amyloid 1-4,2-induced
neurotoxicity [J]. Neurosci Lett, 2013, (554): 64—69.

Tharanathan RN, Kittur FS. Chitin-the undisputed biomolecule of great
potential [J]. Crit Rev Food Sci Nutr, 2003, 43(1): 61-69.

Merzendorfer H, Zimoch L. Chitin metabo-lism in insects: Structure,
function and regulation of chitin synthases and chitinase [J]. J Exp Biol,
2003, 206 (24): 4393-4412.

ARENEE, CTEPAE, MOEHT. BET A3 [ Se SER R R SR AR K
JRAFIHI]. B ERAFHE B4R, 2017, (6): 7-15.

She JC, He SY, Lin KM. Analysis on the technology development of
china’s shell oligosaccharide planting area based on patent [J]. J Agric Sci
Technol China, 2017, (6): 7-15.

e4n. ME DA EZRMET TS o A fsoR]. hE e
i, 2014, (5): 37.

Anonymity. The national health and family planning commission
approved six new food materials, including chitosan oligosaccharide [J]. J
Chin Inst Food Sci Technol, 2014, (5): 37.

T/CAT E AL HER A2 bl AR R e s Rl
[S].

T/CAI China agriculture international cooperation promotion association
group standard-Bioestrogen-Chitosan oligosaccharide [S].

kb, BREENS, AR, 45, LSRN A A K a R )], AR
£l FHE, 2018, (6): 63.

Zhang HS, Chen DQ, Ren SW, et al. Effects of aminooligosaccharide on
tomato growth [J]. Mod Agric Technol, 2018, (6): 63.

BHEE, ECE, Az, S AR BT R ). T E A
Biia 4R, 2019, 35(3): 487-496.

Xie SQ, Wang WX, Zhang FY, ef al. Advances in plant biostimulants [J].
Chin J Biol Control, 2019, 35(3): 487-496.



%5 23 4]

R, S SETERI TR Iy ik ik et

7891

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31] X

[32]

[33]

[34]

[35]

[36]

[37]

Zhang H, Wang W, Yin H, et al. Oligochitosan induces programmed cell
death in tobacco suspension cells [J]. Carbohydr Poly, 2012, 87(3):
2270-2278.

Jia X, Meng Q, Zeng H, et al. Chitosan oligosaccharide induces resistance
to tobacco mosaic virus in Arabidopsis via the salicylic acid-mediated
signalling pathway [J]. Sci Rep, 2016, (6): 26144.

Yin H, Du Y, Dong Z. Chitin oligosaccharide and chitosan
oligosaccharide: Two similar but different plant elicitors [J]. Front Plant
Sci, 2016, (7): 522.

s, BRI A A 2 A
71-72.

TR D]. EHACKRST), 2018, (13):
Anonymity. A new biopesticide: Amino oligosaccharide [J]. Market (Agric
Market), 2018, (13): 71-72.

Liu P, Piao XS, Kim SW, et al. Effects of chito -oligosaccharide
supplementation on the growth performance,nutrient digestibility,
intestinal morphology, and fecal shedding of Escherichia coli and
Lactobacillus in weaning pigs [J]. J Anim Sci, 2008, 86(10): 2609-2618.
Wu GJ, Wu CH, Tsai GJ. Chitooligosaccharides from the shrimp chitosan
hydrolysate induces differentiation of murine RAW264. 7 macrophages
into dendritic-like cells [J]. J Funct Food, 2015, (12): 70-79.

HEMG. SEEEMEIBISUE IR, ThE AR 2 A%, 2003, 24(4): 210.
Hu ZP. Research progress of chitooligosaccharides [J]. Chin J Biochem
Drugs, 2003, 24(4): 210.

SRR R LRI TP S IR SR 0 - S AE X 43 5
2001, (6): 293-295.

Wu JM. Determination

HJ]. feoAtt s,

of mean relative molecular mass of
chitosanoligosaccharide by photometric analysis [J]. Chem World, 2001,
(6): 293-295.

By, MR, Mok, 5. 555

#7, 2011, (8): 1530-1532.

S R E s LA (). 25953

Li KC, Li PC, Xing RE, et al. Comparison of methods indetermination of

chitosanoligosaccharide [J]. Chin J Pharm Anal, 2011, (8): 1530-1532.
XUk, R 5, 4. S EEL I E ST SERE T R A B A FSE D).

ﬁnnﬂ&*, 2010, 35(9): 318-321.

Liu L, Zhang J, Li P, et al. Research of the spectrophotometry for the

average polymerization rate of chito-oligosaccharide [J]. Food Sci Technol,

2010, 35(9): 318-321.

Sabina P, Kjell M, Vaerum, ef al. Quantitative determination of chitosans

by ninhydrin [J]. Carbohyd Polym, 1999, (38): 115-122.

Riccardo A, Muzzarelli A. Colorimetric determination of chitosan [J].

Anal Biochem, 1998, (260): 257-259.

vzt EWIBRM]. dbat: AR Tk Rk, 2000.

Ling PX. Hyaluronan [M]. Beijing: China Light Industry Press, 2000.

WY, BRI, BEAE, S5 TSRS R R A 2 (g

SAHTIN. HEEE A, 2013, 43(2): 23-27

Yang GN, Chen LH, Zeng YW, et al. TLC analysis of hydrolysis

characteristics of chitooligosaccharides and chitosan enzymes [J]. J Ocean

Univ China, 2013, 43(2): 23-27.

TR, BREAE, IAUIR, AF. R G TSR]

2R 2002, 32(4): 641-644.

Meng XL, Chen GH, Sun MK, et al. TLC

chitooligosaccharides [J]. J Qingdao Ocean Univ, 2002, 32(4): 641-644.

AL, BAEE 6-8 St s ORISR [D]. i ARATE T

T IIFER

analysis  of

[38]

[39]

[41]

[42]

[43]

[44]

[45]

[46]

K2, 2014,

Dong HZ. Study on key technologies for the preparation of chitosan
oligosaccharides with polymerization degree 6—8 [D]. Shanghai: China
University of Science and Technology, 2014.
G, AE, SR, SF. RSO R E 5
HIEIN, 2016, 5(4): 232-236.

SRR S =[0]. REERL

Jiang H, Li H, Zhang L, ef al. Determination of chitosan oligosaccharide
by high performance liquid chromatography [J]. Ferment Sci Technol
Commun, 2016, 45(4): 232-236.

XUSCHN, UELEL, AR, S R RORR G R E Tk
{1k M, 2018, 27(6): 87-90.
Liu WL, Yan YY, Yang HR,

I

BEEY & ).

i

et al. Determination of chitosan
oligosaccharide by high performance liquid chromatography [J]. Chem
Anal Meter, 2018, 27(6): 87-90.

WAL, (2R3N, BEROR. MR M-S SERE A IR th ST SRR Y 7 i s
1L B, 2017, (21): 90-95.

Hu ZY, Reng SK, Lu YC. Determination of the content of chitosan
oligosaccharide in moringa leaves chitosan tea [J]. Mod Food, 2017, (21):
90-95.

R, Bz, GA k. BT GGG TSR ], 2T
Jki, 2017, 37(11): 1973-1977.

Shao B, Chen ML, Jin YZ. Rapid detection chirosanoligochitosan by ion
chromatography [J]. Chin J Pharm Anal, 2017, 37(11): 1973-1977.
MRigs, AR, TR, AF. BT AR B AR R T EE AT
RITTERBITEI]. 25950 HT 2%, 2017, 37(1): 43-50.

Chen ML, Lin ZW, Lu HIJ, et al. Application of ion chromatography
separation and retention factor calculation in the qualitative analysis of
chitosan oligosaccha of low degree of polymerization [J]. Chin J Pharm
Anal, 2017, 37(1): 43-50.

FoF. R GIEAE 2585 AR R
2010.

I | A e e WY 4 Y
Wang P. Application of high performance liquid chromatography in the
study of traditional chinese medicine [M]. Beijing: Metallurgical Industry
Press, 2010.
RRLAEL, AR, RBERS B G E Fe R R T ] PR
RLRAE2EAR, 1994, 25(4): 242-244.
Sheng YY, Zhong HH. Determination of molecular weight of chitosan by
high performance gel permeation chromatography [J]. J China Pharm Univ,
1994, 25(4): 242-244.
HIH. BEARTL A T4 i AR A A e S LB 5E (D). ik
B RDOE TR, 2012,
Hu R. Study on enzymatic preparation of specific weight-average
molecular weight and narrow distribution chitosan oligosaccharides [D].
‘Wuhan: Wuhan University of Technology, 2012.

RA, ¥, #Hx05, %M GPC B re BB AL R b i 4y
?;&ﬁ-ﬁﬂﬁ 1. hREmi o> T4, 2014, 12(17): 671-674.
Liu YJ, Jiang Y, Feng YF, et al. Study on molecular weight and
distribution of chitosan in the process of oxidative degradation by GPC [J].
J Funct Pol, 2014, 12(17): 671-674.
PRI, SRAHE, AN, 4 REEY 6-8 sl )] Bl
2, 2008, 10(2): 14-16.
Chen M, Zhu XQ, Li ZM, et al. Preparation of chitooligosaccharides with
the degree of polymerization in 6—8 [J]. Food Drugs, 2008, 10(2): 14—-16.



7892 B dn 2 4 R R I A 4R 5510 4

[48] HHISC, PR, T, 45 JHE A HRROH T I A SRR 03 £ 1E&
BE[]. AR2EIERE, 2017, (10): 600-603
Zhang JW, Chen HY, Zhang JM, et al. Measurement of polymerization degree

BN

o

ITFRG%, FEMRAFEACVERE
W
E-mail: 1292928721 @qq.com

of chitosan oligosacharide by high performance liquid chromatgraphy-mass
spectrometry [J]. Chem World, 2017, (10): 600-603.

[49] E5E, REZE, XUHE, 5. SDS-IRPVIHIEREEI B UK 3 HroesE i), A
HBEE A Be2E3iR, 2008, 3(4): 263-265

Wang L, Wu CY, Liu H, e al Electrophoretic analysis of
chitooligosaccharide by SDS-PAGE [J]. J Chengdu Med Coll, 2008, 3(4):
263-265.

FitE, SRAIEN, TEZMRFTEA
REERSEAREA.

L . E-mail: 18669517839@163.com
(GriE% . k)




