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HIGH PERFORMANCE LIQUID
CHROMATOGRAPHY OF MONO-
AND OLIGOSACCHARIDES

ALBERT AVRAAM BEN-BASSATI,

AND ELI GRUSHKA?2
1 srael Fiber Institute
P.O. Bax 8001
Jerusalem 91080, Israel
2Analytical and Inorganic Department
The Hebrew University
Jerusalem, Israel

A. SUMMARY

The separation and determination of various monosaccharides and
oligosaccharides by different HPLC techniques, published in the period
from the second part of 1983 up to December 1987, are reviewed.
However, several earlier works of particular significance are also
covered. This review includes a systematic description of the
important elements in an advanced HPLC system for analysis of
saccharides: stationary phases for columns, specific mobile phases,
the use of precolumn or postcolumn derivatization and the choise of
detector for each specific analysis. The most significant

developments of the last decade are the increasing use of bonded-phase
1051
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column packings based on silica, as well as postcolumn labeling
techniques. The developments leading to advances in the HPLC of mono-
and oligosaccharides in recent years are reported and, sometimes,
discussed.

This article has been designed to summarize, in a tabular form,
the chromatographic conditions of recent HPLC research efforts for
analysis of mono- and oligosaccharides. Common and specially
developed detection systems for monitoring the HPLC separated
saccharides in the column effluent are described and classified.

The applications of HPLC analysis of meno- and oligosaccharides

are classified, in a tabular form, in four principal groups.

B. INTRODUCTION

Modern high performance 1liquid chromatography (HPLC) was
introduced as an advanced analytical technique in the late 1960’s. The
properties which make HPLC such a preferable and widespread
technique, namely versatility, simplicity, selectivity, sensitivity,
are rooted in the chromatographic theory that evolved from Martin and
Synge’s [1]. The development of high performance columns for
separation of non-volatile substances, as well as of improved and
sensitive detectors has accelerated the rapid growth of HPLC.

The parameters of importance in choosing an HPLC system for
separation of saccharides are: elution pattern, analysis time, the
resolution of complex mixtures and column efficiency, stability and

Tife time.



10:11 25 January 2011

Downl oaded At:

MONO- AND OLIGOSACCHARIDES 1053

The mono- and oligosaccharides are an important energy source.
They are involved in the structure of polysaccharides, proteins and
lipids. Generally the monosaccharides are comprised of the aldoses,
ketoses, alditols, aldonic acids, uronic acids. In addition, there
are also their modifications, such as deoxy- and deoxyamino
derivatives. 0ligosaccharides are built up of various combinations of
monosaccharides in a diverse position of attachment and of anomeric
configuration of glycesidic linkages.

Column chromatography of carbohydrates dates from 1939. when
Reich described the separation of azoyl derivatives of sugars [2].
Alumina, as stationary phase, has found minimal application in the
saccharides field, since most of these compounds are highly polar and
consequently strongly adsorbed. 1In addition, the basic character of
alumina causes sometimes epimerization.

In the 1950’s and 1960’s cellulose based partition columns [3],
and Tlow resolution charcoal columns [4,5] were used. The development
of polar bonded-phase materials based on silica gel particles (5-10
um) has exploited the full advantages of HPLC. Today, HPLC offers an
excellent alternative to gas chromatography for the qualitative and
quantitative analysis of saccharides with the advantages of high
resolution, short analysis time, direct injection of the sample
without or with little pretreatment, and easy automation [6]. The
HPLC analyses of saccharides available today are sensitive, reliable
and reproducible due to the development of new packing materials,
detection systems as well as to successive improvements in overall
instrumentation. Today, the time unit needed for the analysis is
minutes instead of hours. In the last several years HPLC has become a

powerful toel for separation of saccharide mixtures.
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Several reviews [7,8,9] attest to the importance of chromato-
graphy in carbohydrate analyses, including, particularly, HPLC
techniques. Precolumn derivatization of saccharides was reviewed by
Ross [10]. Partition chromatography of sugars on silica-based
stationary phases was reviewed by Verhaar and Kuster [11]. A recent
review on HPLC of mono- and oligosaccharides, covering articles up to
1983, was prepared by Sususmu [12]. An extensive review on the
application of various types of chromatography for analysis of mono-
and disaccharides was published by Robards and Whitelaw [13].

The present review summarizes, in a tabular form, the
experimental conditions of HPLC analyses of mono- and oligosaccharides
in the period from the second half of 1983 up to the end of 1987. Some
earlier literature is also quoted when it is of particular signi-
ficance. For each case, important chromatographic parameters as such
stationary phase, mobile phase, possible pre- or postcolumn derivati-
zation and the type of detection are reported (Tables 1 and 2).

HPLC analysis of saccharides in various natural products, as
foods, drinks, juices, dietary fibers, vegetable fibers, oils, beans,
roots, biological fluids has been performed by many researchers
(Tables 1 and 2). The great amount of works on separation and
quantitation of different saccharides by HPLC demonstrates that the
recent progress of carbohydrate chemistry has been associated with the

development of HPLC.

C. TECHNIQUES AND STATIONARY PHASES FOR HPLC SEPARATION

The analysis of saccharide mixtures by HPLC techniques is more

and more widely applied. No general HPLC conditions have been
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Table 1. Experimental HPLC conditions used for determination of monosaccharides
No. Sample Analyte Column Eluent(v/v) Pre- and post Detector Ref .
column reaction
1 [Human serum Glucose, mannose|Anion 1EX 222, 12x; |D.02M, sodium tetrabo- Amperometry
three connected rate and 0.1M boric 18
calumns acid; pH 8.98
2 |Hydrolyzates of |Aldopentoses and|Anion exchange resin|Gradient: D.15M boric |Post-column with F1.
volcanic ash aldohexoses Shimadzu [SA-07/ acid (pH 8.0) to 0.4M |monoethanclamine exJGO nm 19
soil 52504 boric acid (pH 9.0} em“s nm
3 iMixture of re- |Arabinose,ribose|l} Shodex 5C-1821 1) KO Post-column with |Amperometry
ducing mono- and|xylose,glucose, {2) Hitachi 2633 2) 0.7M borate buffer [ethylenediamine
disaccharides mannose, galacta-{3) Lichrosorb NH2 and 0.01% EDTA acid [sulphate 20
se, fructose, 3) MeCN-HZO (3:1)
rhamnose
4 |Mixtures of red.|Reducing pento- [Aminex A-27 or Borate buffer (pH 8.7) |Post-column wit Fl.
and nonreducing [ses,hexoses. Non|Shimadzu 1SA-07/ taurine-2 mot/m 21
ssaccharides reducing saccha-|52504 sod. metaperio-
rides date at 140°C
5 |Needles of heal-|Ribose, Aminex A-25 0.4M Boric acid Post-column with F1.
thy and damaged |fructose, Borate format {pH 9.35) ethanolamine- 342 nm 22
Picea trees glucose boric acid em422 nm
6 |Market milk; Glucose, MCY gel CAC 8S Stepwise: 0.2M potas- jPost-column Uy, 280 mm
milk products galactose sium borate (pH 7.8) reaction with 23
to 0.5M potassium 2-cyanoacetamide
borate {pH 8.7}
7 [Mixture of Ribose, fucose, [1) 4VP [crosstinked) MeCNfHZO (4:1) RI
mono- and xylose, 20% 0vB
disaccharides arabinese, 2) 4VP-Bu as bromi- %
fructose, de,phosphate, sul-
galactase phate, nitrate
+
8 [Molasses, Glucose, 1) Sugar PAX (Ca2 } [Solution of calcium RI
sugarcane juice |fructose 2) HPx 87t propionate or acetate 32
syrup, mud in water
- 2+ .
3 [Apple juices Glucose, Sugar PAK 1 (Ca  } |[0.1% calcium acetate RI 33
fructose in HZO
10 |Reducing mong- {Glucose, Ostien LGKSO 800 HQO Post-cotumn with UV-Vis
saccharides; fructose p-aminobenzoic 35
sugar beet acid hydrazide
leaves
11 |Human seminal Ribose, fructose, |[Aminex HPX-87H 0.0IN HZSOd RI
plasma sorbitol {nosi- 36
tol, lactic acid
12 |Cotton leaves Glucose Aminex HPX-87H 0.014N HZSUR RE, UV-Vis 37
13 ifermentatton Glucose, Aminex HPX-87H 0.028M H_s0 R1
mixtures metaba-|fructose, {pH 1.5) at 40°C 38
Vized by intes- |galactose
tinal microf lora
i
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Tabie 1. {Cont.)
Na Sample Analyte Column Eluent(v/v) Pre- and post Detectaor Ref.
column reaction
i
14 |Hydrolyzates Glucose, xylose, |1} Alltech-NH 1) MeCN-H_O R1
from fibres of [arabinose, 2) Aminex HPX-87P 2) HZO 39
barley, sarghum,|mannose, galac-
bran tose, rhamnose
15 {Dietary soft Glucose, HPX-B7A 0.CIN H?SU4 Ri 40
drink fructose
16 |Mixtures of 1-arabinose, Aminex HPX-B7H 0.01IN H?SO4 RI
various mono- d-xylose, d-glu- 43
and disacchs. cose. d-mannose
17 {Cane and beet Glucose, 1) Resolution carbo-|1) HZO RI, W
molasses fructese hyg:ate tn Na or
Ca form 2) H.O 45
2) Resolution 0DSS |3) MECN-0.O0IM KH_PO
3) Resolution NH_ S (pH7) {74:26)
2 o
18 |Beer, wine, Ribose, glucose,|1) Aminex HPX-85C 1) HO Post-column with
fruit juice, fructose 2} Micra Pak-NH2 2) 76% aq. MeCN, Z-cyanoacetamide [ 46
soft drinks gradient 90 to 60%
19 |Sucrose after Fructose, Aminex A-7 0.03M ag. H_SO and RI
phosphorylysis [glucose-1-phos- 0.01 to 0.06M aq. 47
phate CF_CO_H
S 3 2 S S
20 |Food and fecal |Arabinose, 1) Bondapak carbo- |1) MeCN»HZO (85:15) RI
neutral deter- jxylose, glucose, hydrate 48
gent fiber mannose, galac- |2) Aminex HPX-B5P 2) HZO
tose, rhamnose
21 |Saccharide Xylose,fructose, |Aminex 87F, with HZU 1) Precolumn radio|l) Radioacti-
components of mannose, galac- |anionic and cationic active labeling vity
protecglycans tose, fucose guard colmns. in 2) Orcinol 2) Vis, 420nm| 49
series 3) 2-cyanoaceta- |3) UV, 276nm
mide
22 [Hydrolyzates of |Glucose,galacto-{1) Nucleosil 5-NH 1) MeCNfHZO (75:25) RI
bacterial lipo- |se,rhamnose,gly-|2) HP-87P 2) HZO 50
polysaccharides [ceromannoheptose
23 |Ory wines Arabinose, riho-|HPX-87P and HZO Post-column with Vis, 520nm
se, fructose, precolumn - tetrazalium blue 51
rhamnose, xylose|Aminex HPX-87C
24 |Enzymatically Xylose, Aminex HPX-87p HZO RI
degrd.cellulose, [arabinose, (also yuard column) 52
xylan, arabinan, |galactose
galactan
25 {Plant Glucose, Aminex HPX-87P R1L
glycosides galactose, 53

mannose, allose
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Table 1. (Cont.)

No. Sample Analyte Calumn Eluent(v/v) Pre- and post Detector Ref.
column reaction
26 |Mixtures of d-gliucose, Aminex HPX-87C H.O0 RI
|[monosaccharides |d-fructose, (Aminex A7 or z
and alditols d-mannose, Aminex AS) 54
d-mannitol,
d-glucital
27 |Low fat plain Glucose, Aminex HPX-87 H_O RI
yogurt, litmus |galactose z 55
mi Tk
28 |Gluco-oligomers |Various pentoses{l) u-Spheroge! cgz- HZO Rl
from hydrother- |and hexoses bohydrate {Ca }
mal degradation 2) Fas§+carbnhydrate
of poplar wood {Ca ) 56
3) Fast acid
{H form)
4) Amigex HPX-42A
{Ag form)
29 11) Degrd. filter|!) Glucose, 1) Aminex HPX-B7H 1) B.OIN H 504 3
paper fructose 2) p-Spherogel x 7.5(2) Hzo
2} Degrd. poplar|2) Xylose, carbohyd. 57
wood glucose,
fructose
30 |The sugar chaias{Arabinose,xylose|Shodex 0C-613, aq. MeCN 92% or grad. [Post-column with Uv¥, 280nm
in glycoproteins|fucose,glucose, |H form of 80,85,87.5, 90, 92% |2-cyancacetamide 58
galactose,
mannose, rhamnose
31 |Mixture of stnd.|l-arabinose, Shodex DC-B13, MeCN-H_0 (80:20) Post-column with Uy, 280nm
aldoses d-xylose, Na or Ca form 2 2-cyanoacetamide
d-galactose,
1-fucose, 59
a/f-d-glucose,
d-ribose,
d-arabinose
d-mannose
32 |Maternal and Mono {hexoses, |Su inak 1, Hzﬂ UV, 190nm
fetal sheep pentoses); Ca form B0
plasma; amniotic|polyols
flutd
33 [Jdejunal aspira~ |Glucose, 5um irregular silica|67% MeCN contg. 0.03% |Post-column react- uy
tes from exper. |fructose (v/v) 1,4-diaminobutaneinn with cuprammo-|280 to 310nm | 61
perfused animals nium reagent
34 [Lens, erythracy-([GTucose,saccha- |Zorbax SIL C _H -CHCI_-MeCH Precolumn: p-nitro uv 65
tes, plasma ride alcohols (?Oggzl.g)a benzoates
35 |Ripe Kent Radiolysis Partisil 5 3% MeOH in CHC1_ for Preco lumn: Uv, 254nm
|mangoes products of 10 min, and 10% MeQH in{0-benzyloximes 66
D-fructose CHC13 for add. 10 min.
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Table 1. (Cont.)
Ko Sampje Analyte Column Eluent(v/v) Pre- and post Detector Ref .
column reaction
36 [Hen egg albumin, |Xylose, fucose, |Lichrosorb Si 100 7.6% MeOH - 0.7% HZU Precolumn: Uv, 352nm
lactose, casein, [mannose, in CHCI3 2.4-dinitrophenyi-
chandroitin, galactose, ’ hydrazones 68
aggregating glucose
prateog lycans
37 |Cardiac glycosi-iXylose,arabina- |Alltech amino aq. MeCN Pastcolumn photo- [Indirect F1.
des; common food|se, glucose, reduction of anth- 400 nm 17
ex
saccharides fructose raguinone deriva- emSZS nm
tive by sacchs.
38 |Mixtures of mo- |Xylose,glucose, |Lichrosorh - NH2 Ms-CNfHZO {80:20) Electrochemi-
no. di- and tri-|fructose,manno- cal (Ni elec-| 78
saccharides se, sorbose, trodes)
galactose
39 {Mixture of com- |d-lyxese,d-ribo-|Lichrosorb - NH_, (Me)_ CO and H_D, add R1
mergial mono- se.d-arabinose, [Nucleosil SNH2 smaﬁ anmounts of AcOH
saccharides d-fructose,
d-glucase, 80
d-galactose,
d-sorbose,
d-mannose
40 |Mixture of Ribose, xylose, |Lichrosorb - Si60 THF-H, 0 (85-19) or Postcolumn with Vis, 525nm | 81
monosaccharides |glucose, fructo- (90:18) and 0.3% tetrazolium blue
se, galactose diethanolamine
41 {Commercial Glucose, Viosfer - NHZ; 51 MeCN - ”20 {9:1) RI 84
isomerose fructose
42 |Mixturé of mono-|Glucose, fructo-|Sugar Pak I MeCN~H?0 (25:75) RI
saccharides and {se, galactose, or HZU 86
polyols mannitol, xyli-
tol, sorbitol
43 [Fruit juices, Xylose, rihose, |[TSK gel NH2 - 6O MeCNfHZO {7:3) Postcolumn with Indirect
human urine arabinose, glu- copper-bis {(phe- |amperometry 89
cose, fructose nanthroline)
44 ISticky cotton Glucose, fructose}Spherisorb S5 NHZ MeCN-HZO {80:20) Rl 30
45 jExtract of Arabinose, glu- Spherosorb - NH2 MeCN—HZO (4-1) MS
instant coffee cose, fructose, 91
mannocse
46 [Mixture of mono-|Xylase, glucose |Zorbax BP-NHZ MeCN-H70 (70:30) Moving-wire
and ) flame ioniza-| 92
disaccharides tion
47 jvarious saccha- }1) Monosacchars.|l) LC-18-08 Armonium formate Ms
rides and their 1-0-methy)- |1} SuRP-18 gard buffer (0.IM}; pH 5.6
derivatives glycosides column 93
2) Permethylated|2) Bondapack - NHZ
monosacchars . J
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Table 1. (Cont.)
No. Sample Analyte Column Eluent{v/v) Pre- and post Detector Ref .
calumn reaction
48 [Musts, wines, Glucose, fructose|Lichrosorb - MH2 MeCN-HZD (80:20) RI
champagnes 95
49 [vVarious beers Glucose, fructose|Lichrosorb - NM2 MeCN-HZD (80:20) RI 97
50 |6lycosides Xylose, arabino-|Nucleosil - NHZ MeCN-HZO (8:2) Postcolumn with Vis, 546nm
isolated from se, glucose, ga- tetrazolium blue 98
saponins Jactose, rhamnose
51 (Cane juice Glucose, fructose|PN 84730 MeCN-H 0 (4:1) and RI
0.01% siltca amine 104
modifier No.2
52 |Saccharide pro- jRibose,arabinose|Separon SIC 18 MEOH-HZO (6:4) to (7:3)|Precolumn: 1) uv, 254 nm
ducts of formo- |erythrose,gluco- 2,4-dinitrophenyl-{2) RI 112
sation reactions|se,fructose hydrazones
53 [Blucoconjugates |Neutral mono- L} TSK-gel G-2000 PW Buffer: 0.25M Precolumn with (]
saccharides. 2) Ultrasphere - DDS|sodium citrate (pH4) 2-aminopyridine ex320 nm
aminosaccharides{3) Microsorb C containing 1% MeCN and reduction emeO nm
4} Cosmosil 5C 113
5) TSK-gel LS- 80
8) TSK-gel 0DS-120T
7) YMC-gel ODS S$-5
54 {Carbohydrate Fucose, mannose,|1) Zorbax C18 or C-8|MeCN-H_O (various Precolumn: Perben-| UV, 230nm
part of glyco- |galactose, 2) Spherisorb 0DS 11 pmpur%lons) zoylates of the 115
proteins glucose, N-ace- |3) Ultrasphere C-8 methyl glycesides
tylhexosamines
55 [Glycoproteins Xylose, lyxose, [Altech Cla 20% (v/v) ag. MeCN Precolumn: UV, 254nm
fructese, galac- contg. 0.0lM FOH, 0.04M]|Dansylhydrazones 116
tose, mannose AcDH and 0.00IM
(CZH5)3N
56 |Ocean water, Ribose, glucose, [Nucleosil-0DS Citrate buffer Precolumn: uy, 230nm
sediment hydro- |fructose, manna- (pH 3.78) Bansyhydrazones 118
lyzates, phyto- |se, galactose, - MeCN {80:20)
plankton rhamnose
57 {Tamm-Horsfall Fucose, mannose, |TSK-gel LS-410A 8% {v/v) aq. MeCN Precolumn: F1
human urinary galactose Glycamines label- 122
glycoproteins led with fluoresc.
reagent NBD-F
58 {Fruit juices; Glucose, Nova PAX C-18 Gradient: Precotumn: Yis, 425m
human serum; galactose, 1) H 0-MeCN (78:22); Dabsy lhydrazones
hydrolyzate of |mannose 2) MeCN, 10-85% for 123
serum glycopro- 45 min.
tein
59 [Mixtures of red.[Xylose, fucose, |Hypersil-ODS 1) z5% (CHB)ZCU-O.OBM Precolumn: F1.
sacchar ides glucase,mannose, AcOH Dabsyl or Dansyl- e)(35(3 nm
galactose, 2) 25% (CH_)_CO-10mM hydrazones emﬁdﬂ nm 124
rhamnose, Na_P0_ {pR 6.5)
deoxyg lucose 3) XOQ (éH3)2C0-0.08M
AcOH
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Table 1. (Cont.)
No. Sample Analyte Co Tumn Eluent(v/v) Pre- and post Detector Ref.
column reaction
60 |Honey,chocolate; [Xylose, arabino-[1} Hibar-CN MeCN-H 0 (various Precolumn: Fi.
pharmaceutical [se, glucose, 2) Hibar RP-C18 proporfions) + 0.02M Dansy Thydrazones 360 nm
formulations; gatactose, 3] Hibar RP-CB FOH and 0.05M boric E;MU nm 126
mixtures of mannose, 4} Partisphere RP- [acid €
saccharides fructose c1ss
+
61 [Mixture of Glucose, fructo-|HPX-65A {Ag form) n/a Rl
saccharides se, galactose HPX-65A in the 129
Ph(11) form
62 [Mixtures of Arabinose, man- |Polyol-RSiL; pre- MeCN-H 0 (70:30) with R1 130
monosacchar ides |nose, galactose, |saturation column 0.1% TEA
rhamnose
63 [Coffee drinks; [Glucose, fructo-|Lichrospher Qiol, MeCNszo {80:20) Post-column with OV, 315mm
Hixtures of se, xylose, ara-]5gm cuprammon um 131
saccharides binose, ribose, reagent
galactose
64 |Products of al- |Glucose, Carbohydrate MeCNfHZO {75:25) R1
coholic fermen- |fructose P/N 84038 132
tation of wort
65 |Beer worts Monosaccharides |Carbohydrate MeCN—Hzo {75:25) RI 133
P/N 84038
66 |Cucumber nectar |Glucose,fructose|Carbohydrate MeCN»HZO (75:25) RI 134
analysis
57 |Soft wheat Glucose, fructose{Carbohydrate MeCN-H20 (60:40) Rl 135
flours analysis
68 |Mixture of d-glucose, Copper silica gel H_0-MeCN (25:75), RI
various saccha- |d-xylese; [ H3]=0.5M 138
.rides 2-amino-2-deoxy-
D-glucopyranose
63 |Mixture of 1} Hexosamines |1) Hitachi 2617 1) 0.16M borate buffer |Post-column with Electro-
various red. 2) Rhamnose, xy-|2) Shodex R Spak (pH 7.5) 2-cyanoacetamide chemical
monosaccharides; lose, fucose, 0C-6132 2) MeEN~H20 (9:1) 139
hexosamines, mannase,
dextran. galactose
70 {Pool serum; Glucose, fructo-|LS 212 HZU Post-column with |Indirect
urine se, galactose, copper-bis(phenan- |amperometry {140
arabinose throline)
71 {Hydrolyzed and |Glucose, galac- |Aminex HPX-BSH H_0 and 0.00SM RI
reduced wood tose, mannose, {micro-guard HZSOA 141
sugar salutions |xylose columns)
72 |Beer Various pentoses|Aminex HPX-85H RI 142

0.01N H_SO
2 4
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fable 1. {Cont.)
No. Sample Analyte Column Eluent{v/v} Pre- and post Detector Ref.
column reaction
73 |Wine, milk; Glucose, Tsﬁifge‘ SCX 0.1K; 0.8M: 0.05M Conductivity
mixture of mono-|fructose, {(H form) Boric acid solution
and oligosaccha-|galactose, 143
rides, organic |ribose,
acids D-xylose
74 |Mixture of Glucose, fructo-|Sugar-PAK 1 HZO Post-column with |[Indirect
var ious se, sorbose, xy- copper compounds [potentiometry|144
sacchar ides lose, arabinose
75 [Urine Rhamnose, CHO-520 HZO RI 145
mannitol
76 {Strawberry, Glucose, Hibarlichrosorb NH2 MeCNfHZO {85:15) RI1 148
raspberry purees|fructose
77 iHoney, fruit Pentoses Hipersil § MeCN—HZO (8:2) RI1
Juices, other 149
food substances
78 {Mandarin juice |Glucose, u Bondapak NH, MeCN (75% in HZO) RI 150
fructose Sep-PakC18 cartridge
79 |Lignocellulosic [Glucose, Radial PakB MeCN-H 0 (75:25)40.1% RI
hydrolyzates mannose, xylose, Sam, amine additive 151
arabinose
80 [Laxatlve syrup |Glucose, 1} Hypersil 1) isooctane-(Et) 0- Precolumn oY, 231 nMm
for babies mannito)l 2) Hypersil CDS MeCN (150:75:15) benzoylation 154
2} MeCN-H_O-tert. butyl
ether f80:20:4)
81 |Glycosphingoli- |Twenty-three D-iL[Supeicosil Solvent A: CHC1_-MeOM- |Precolumn with
pid globotetra- |[petnases; 0.1M sodium tetraborate|4 -N,N-dimethyl
osyl ceramide: (hexoses, hepto- te pH 3.5 with glac. amino-4-amina-azo Vis, 438nm
human mi tk se, 2or 6 AcOK, (65:25:4) benzene 155
lacto-N-fucopen-|deoxyhexoses Splvent B: CHC1_-MeDH-
taose 0.1M sodium acs%ate to
pH 3.5 (65:25:4)
82 |Mixture of Various SCR-101N n/a Post-column with F1.
sacchar Ides monosacchar ides arginine and boric e)tBZO nm 156
acid 430 nm
em
83 [Honey Monosacchar ides n/a MeCN-HZO Precolumn with uv
3-hydroxy-2-naph- 158
thoic hydrazide
B4 |Babyfoods; diet |Glucose, # Bondapak/
or breakfast fructose carbohydrate MeCNfHZO (82:18) nfa 160
bars: condiments
85 |Extract of myce-|Glucose, Sugar-Pakl 50 mg/t calcium Post-column with UV, 280nm
1ial sample of |fructose, titriplex dihydrate new developed
P.graminis; galactose and (CaNaZ.EDTA) cuprammen ium 162
standard mixture[polyals reagent
of saccharides
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Table 2. Experimental HPLC conditions used for determination of oligosaccharides
No. Sample Analyte Column Eluent{v/v) fre- and post Detector Ref.“
column reaction
86|Mixture of Maltose. 1) Shodex SC-1821 1) H O Post-celumn with |Amperometry
reducing mono- 2) Lichrosorb NH 2) MeCN-H 0 (3:1) ethylenediamine 20
and disacchs. 2 2 sulphate.
87 |Mixtures of Sucrose, melizi-|Hitachi gel 30130 Borate buffer (pH 7). Post-column with F1.
reducing and tose, raffinose, tagrine—z mol.
nonreducing stachyose. /m sodium meta- 21
saccharides. periodate, at
130°C.
88|Needles of heal-|Saccharose, Aminex A-25, 0.4M boric acid, Post-column with Fl.
thy and damaged [raffinose. borate form. (pH 9.35) ethanolamine- 342 nm 22
Picea trees. horic acid. m422 nm
83{Market milk; Lactose. MC gel CHOES Stepwise: from 0.2M Post-column uv, 280 nm
milk products. potassium borate reaction with
{pH 7.8) to 0.5M 2-cyanoacetamide 23
potassium borate
(pH = 8.7).
80{Human breast Various oligo- |Hitachi, Custom gradient: 0.14 sodium 1) W, 210 nm
milk. saccharides. Resin No. 2630 borate to 0.4M sodium for N-
berate buffer, at 55°C. acetyl-
glucos-
amine
residue. 24
2) RI for
sacchs.
without
acetamida
groups.
91 |Human meconium; [Neutral and 1) Shandon 0DS 1} H O uv, 208 nm
human milk. acetamido 2) APS-Hypersil 2) MeCN-H_0 (gradient). 25
oligosacchar- 3} Micropack AX-5 3} ag. MEEN (different
ides. proportions).
92 Mixture of mono-|Sucrose, lactose, 1) 4VP (cross-linked MeCN-HZO {4:1) RI
and disacchar- [maltose, 20% with DV8
ides. 2) 4YP-BU as bromi- 26
de, phasphate,
sulphate,nitrate
93{Sugarcane juice, |Sucrose {also 1) Sugar Pak. soln. of calcium RI
syrup, molasses.|poly- 2) HPX €+37C propionate or acetate 32
satcharides). (Ca” form). in water.
- . RO M|
94|Apple juices Sucrose. Sugg: Pak 1 0.1% calcium acetate RI 33
(Ca  form}.
— - - B
95|Brewing inter- Sucrose,maltose, DSTRN LGKS 0800 HzO RI
mediates, beer, [raffincse. {Ca  form}. 34
walt.
96{Red. and nonred. |Sucrose, OSTION LGKS 0800 H O Post-column with JUV-Vis
oligosacchs. raffinose. 2 p-aminobenzoic 35

acid hydrazide
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Table 2. (Cont.}

No. Sample Analyte Column Eluent{v/v) Pre- and post Detector Ref.

column reaction

97 [Cotton leaves Sucrose. Aminex HPX-87H 0.014N HZSO4 {pH 2.1) 1) R1 37

2) W-Vis

98 |Fermentat ion Sucrose. Aminex HPX-87H 0.028M HZSO4 {pH 1.5) RE
mixtures metabo-{lactose. at 40°C.
lized by intes- 38
tinal micro-
flora.

98|Chondroitin Unsaturated Shodex RS (Na+ form) | MeCN-MeOH-0. 5M uv, 232 nm
Sulfate, disaccharides. HCOONH , pH 4.5
Dermatan {4 or 6 sulfated [65:15:20) 41
Sulfate. and non-sulfat-

ed.

100{Hyaluronic acid |Unsaturated, Shodex RS, Na~ farm. |MeCN-MeQH-0.5M Uv, 232 nm

and chondroitin. |nonsulfated HCOONH , pH 4.5 42
disaccharides. {65:15:20)

101 |Hixture of mono-|Cellobiose. Aminex HPX-87-H Q.0LN HZSO4 R1
and disacchar- 43
ides.

102|Cane and beet Sucrose. 1) Reso]ution*Carbuf 1) H O Ri, UV
molasses. hygi;ate Na or 2) HO

Ca  form. 3) MeCN-0.01M KB_PO 45
2) Resolution ODS 5 pH 7 (74:26)
3) Resolution NH25

103|Feod and fecal [Cellobiose. Aminex HPX-BS5P HZO R1
neutral deter- 48
gent fiber.

104[Emzymatically Oligosaccharides|{Aminex HPX-87F; HZO RI
degraded cellu- |up to d.p. 4. also guard column.
lose. xylan, 52
arabinan,
galactan.

105[Low fat plain Lactose. Aminex HPX-87 HZO RI
yogurt; Titmus 55
milk.

106|Degraded filter |Cellobiose; 1) HPX-42A 1) H O RI
paper . glucoaligomers- |2) TSK PW 2) HZD 57
Oegraded poplar |d.p. 3-8.
wood.

107 | Jejunal Maltose, Sum Irregular 67% MeCN contg. 0.03% |Post-columm with |UV, 280 to
aspirates from Tactose, silica 1.4 diaminobutane. cuprammon jum. 310 nm 61
perfused sucrose, malto- reagent.
animals. triose.
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Table 2. {Cont.)
No. Sample Analyte Column ETuent(v/v) Pre- and post Detector Ref.
column reaction
108|01igosacchs. 1) Di- and tri- |1) Hypersil, Spm. 1) CHzclvaGHMvisnProH 1,2,4) Radin-
isomers: saccharides |2) Hypersil, Sum. 5%. activity
synthesized; as acetylated modified with 2) MeCN H_D with 0.05% monitor,
from human milk, alditols. TEPA TEPA 3) wv,
2) Trisacchar- [3) APS-Hypersi) 3) MeCN-H O {pH 2.9} 190-210 nm
ides as 4) 0DS-Hypersil. 4) MeCN-H_ 0 (pH 5.2)
alditols. MeCNfHZO {pH 7.0) 62
3) Trisacchar-
ides as
alditols.
4) Pentasacchar-
ides as
acetylated
alditols.
109{01igosacchs. Reducing oligo- [Nucleosil Si gel Ethyl acetate-AcDH- Precolumn with RI
from milk and sacchs. with MeOHfHZO (10:3:3:2) 4-trifluoroacet-
other natural d.p. t-6. amidoaniline under 67
sources. reduct ive condi-
tions.
110{Starch hydroly- |Oligosaccharides OSIION KS (Ca2+ and HZO RI
zates. of d.p. 1 to 12:{Ag form). 69
1 to 15.
111[17 different f#-cellobiose, 1) Zurbax'NH2 MeCN-H_0 (Various RI
disaccharides. |A-gentiobiose, compositions).
a-lactose, 2) Supelcosil LC*NH2
lactulose, 75
maltese,
a-trehalose,
turanose, etc.
112 |Mixtures of Cellotriose; 1) ZurbafoHZ 1) MeCN-H 0(72:28); RI
different tri- isopancse, (75:25
saccharides. isomaltotriose, [2) Supelcosil LC-NH_(2) MeCN-H_0{/5:25);
panose, melezi~ (80:20 76
tose, raffinese,
xylotriose.
113]Cardiac glyco- |Lactose, 1) Merck Lichrosorb |ag. MeCh Postco lumn Indirect F1
sides; common maltose, RP-8B photoreduct ion 400 nm
food saccharides|sucrose; various}2) Merck Lichrosorh of anthraguincne em525 nm 77
cardiac glyco~ RP-18 dertvative by
sides. 3) Alltech amino saccharides.
114|Mixtures of Saccharose, Lichrosorb-NH MeCN-H_0 (80:20) £lectrachem-
X 2 2 . .
mono, di and maltose, ical (Ni 78
trisacchs. lactose, electrades)
trehalose, etc.
115|Powdered milks. |Sucrose, Micrupack—NHzlo MeCNfHZO (80:20) RT 79
lactose.
116[Mixture of Anomers of: Lichrasorb NH_: (Me)_CO-H_0 and small RI
commercial d-lactose, Nucleosil NH2 amounts of AcOH. a0
disaccharides. d-maltose,

d-sucrose.
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Table 2. (Cont.)
No. Sample Analyte Cotumn Eluent(v/v) Pre~ and post Detector Ref.
column reaction
117{Hydralyzates Maltooligo- Separon SIX RPDA H20 RI
from natural saccharides. 82
starch.
118{Products of Oligosaccharides|l) u-Spherogel 1) H O RI
lactose degrada- 2} Amino Spheri-5 2) MeCN 75% 83
tion by f-galac-
tosidase.
119]Candy cook ies fructooligo- Nucleosil 5 NH2 MeCN-HZU (65:35) RI 85
saccharides.
120|Mixtures of di, |Sucrose, 1) uBondapak/Carbo- [1) MeCNAHZO (75:25) RI1
tri, tetra- maltose, hydrate
saccharides and [lactose, 2) Sugar Pak I 2) HZD 86
polyols. raffinase,
stachyose and
other polyals.
121{0%tigosacchar- 01igosacchs. Lit;hrosorb-NH2 HeCN<H20 contg. 1} uv;
ides 2) Phenol-
i-to h . 15 P
(di-to hepta) M K3 04 (pH 5.2) HZSO4
assays 87
3) Liguid
scintila-
tion
counter.
122{Partial hydroly- [Homogeneous ERC-NH-1171 MeCN-H_0: RI
zates or d-gluco-oligo- for cyclosophoraose
acetolyzates of |saccharides, (58:42); for curdlan
cyclosophoraose, [{1-23), (1-24), {60:40); for amylose 88
curdlan, (1->6}, and {57:43); for dextran
amylose, cellu- [polysaccharides {56:44); for luteose
lose, dextran, |up to d.p.35. {55:45).
luteose.
123{Human Urine Lactose. TSK gel NHZ—SO MeCN-HZO (7:3) Post-celumn with |Indirect
disaccharides. copper-bis (phe- |Amperometry 89
nanthroline).
124|Sticky cotton. {Sucrose, Spherisorb S5 NH MeCN-HZU (80:20) RI 90
melezttose.
125|Extract of green{Sucrose. Sphs:rosorb—NH2 MeCN-HZO (4:1) MS
and roasted 9t
coffee.
126|Mixture of mono-|Sucrose, Zorbax BP-NH2 MeCN»HZD {70:30) Moving-wire
and disacchar- |maltose, flame ioniza-| 92
ides. lactose. tion.
127 {Mono- and 1) Disacchar- 1) 1C-18-DB Ammonium formate buffer MS
disacchars., ides. 1) 5uRP-18 guard {0.1M}; pH 5.6.
1-0-methylglyco-|2} Permethylated cotumn. 93
sides; O-perme- di-to tetra- |2) uBnndupackaHz
thyl mono- te saccharides.
tetrasaccharides
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5) Spherisorb S5 C6

6) Vydac 201 TPB 5
RF

7) Spherisorb 5 C18

8) Shandon PB178B,
WP 300. C1B8

Table 2. (Cont.)
No Sample Analyte Column Eluent(v/v) Pre~ and post Detector Ref .
column reaction
1728|Glycosaminogly- |Unsaturated T5K-gel NH_-60 MeCN-0Q. 1M acetate Precolumn: Fi.
cans, enzymati- |disaccharides. 2 buffer (pH 5.6) Dansylhydrazones. 94
cally treated. (90:20)
129|Wines, Sucrose. Lichrosorh NH2 MeCN~H20 (80:20) RI 95
champagnes .
130{Enzyme digestion|Unsaturated Zorbax NH2 4% MeOH and diff. % of UV, 232 nm
products of tetra- and hexa- 0.5M ammonium formate,
hyaluronic acid |saccharide. pH 5.5 86
and of chondroi-
tin sulphate
isomers.
131{Various beers. Saccharose, Li\:hrosorl:rNH2 MECN»H20 (80:20) RI
maltose, malto- 97
triose.
132]01igosaccharides|Eight disacchar-|Lichrosorb Si50 MeCN-H_O contg. 0.05% |Precolumn couwpling|{ U¥, 228 nm
ides; laminari- 1.4-diamincbutane, with different UV | 254 rm
oligosacchs.; absorbing 103
isomalto-oligo- reagents.
sacchs.
133|Glycopeptides, |[Various oligo- [Hypersil modified by|l) gradient 80->60% Preco lumn £1,
qlycoproteins. [saccharides 50% aq. MeCN cantg. aq. MeCN and 0.01% |[reductive amina- 230 nm
(di- to dodeca} |0.1% of 1,6-diamino- 1,6 DAH tion with 2-amino 340 nm 105
hexane. ?) isocratic-80% pyridine. en
ag. MeCN and 0.01%
1,6 DAY
134|Digested amylase|Maltose, maltot-jRadiat-PakK 45-55% MeCN contg. RI
by a-8 amylase [riose, malto- 0.01% L.4-diamino- 108
and diastase. pentaose butane.
135{Starch and 0ligomers of 1) Polygosil RP-18 |1} H_0 at different RI
cellulose hydro-|dextrose units. [2) Nucieosil RP-8 pR (2.0, 6.5, 10)
Iyzates. 3) Synchropak R 101 addition of Na()
4) Synchropak R 103 or a’cohe’s. 108
5) Synchropak R 110 [2] H_ O
3,4,5) H O or H_O and
pentanol-1.
136[Starch (corn) Maltose, 1) Spherisorb $5 HO RI, MS
hydrolyzates. sucrose, 00s 2 2
stachyose, 2) Nucleosil 5C 18
raffinase, 3) Vydac 201 HSB 5
difructose RF
anhydrides, etc.|[4) Spherisorb S5 (8 109
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Table 2. (Cont.)
No. Sample Analyte Cotumn € luent(v/v) Pre- and post Detector Ref.
column reaction
137{Corn syrup; Derivatized Spherisorb C-6; MeCN-H_O {0.15M Precolumn with F1.
B-cyclodextrin, [products of Spherisort C-18. ammon ium hydroxide} naphthoyl chloride ex232 nm
maltotriose, reductive or 2-aminopyri- 110
cleavage of high dine. em>320 nm
oligomers.
138|Two series of Malto-oligo- 1) Dextropak 1,2,3) H .0 with addi- RI
oligosacchar- saccharides; Cartridge 00S tion og cationic,
ides. isomatto-oligo- [2) LiChrosorb RP-8 anionic or nenionic 111
saccharides 3} LiChrosorb SI-60 surfactants, TEU or
RP8 inorganic salts.
139|Soybean seed Sucrose, Dextropak Ci8 H O RI
s 2
meal. raffinose, 114
stachyose.
140|Regenarat ing rat|Asparagine- TSK-ge1-LS 410-C18 [0.1M phosphate buffer [Precolumn with Fl.
liver. linked oligo- {pH3.8) contg. 0.1-1.0%|2-amino pyridine ox 320 nm
saccharides. 1-butanc?. em'&(}ﬂ nm 117
141)0cean water, Cellcbiose, Nucleosi1-0D$ Citrate buffer Precolumn: UV, 230 rm
sediment. maltose, gentio- (pt 3.78) Dansy thydrazones 118
hyd_rolyzates, biose, lactose. -MeCN {80:20)
phytoplankton.
142|Reduced cello- |Various oligo- 1) Lichrogsorb RP-18 HZO. RI
dextrins, saccharides. 2) Lichrosorb RP-8 |for cellodextrins:
maltodextrins, 3) oDs-1 (C-18). MeDHfHZO (10%-90%) 119
isomaltodex- 4} 0DS-2 {C-18).
trins.
143|Legume seeds; Sucrose, stachy-|tichrosorb RP-18 H0: n/a
lupine seeds, ose, verbascose, for efficient sepn. of
soybeans, raffinose. verbascose: 120
fermented soy- 0.3M (NH4)2504
bean products.
144|Parttal acid Maltose-to Irica RP-18 1) MeQH-H_O-MeCN Precolumn: Uy, 320 nm
hydralyzate of [maTtohexaose. {30:8575). 1) Quinoxalines; 121
cyclodextrin. 2) MeOH-H_0-MeCN 2) Acetylated
(30:50:20}. quinoxalines.
145 Hixtures of tactose, Hypersil-00S, 3um 1) 25%(CH3)2C0—0.08M Precolumn: Fl.
reducing cellobiose, AcOH. 1,2} Dabsy\ hydra- ex 350 nm
saccharides. gentiobiose. 2) 25%(CH_) CO-10mM zones Em'540 m (124
Na_PO TpB 6.5) 3) Dansy) hydra- )
3) 1oi(cﬁ ) _C0-0.08M zones
AcOH
146|Biological Malto- and iso- |1) Ultrasphere, S-um|Linear gradient: Preco Jumn Uv, 230 nm.
samples. malto oligo- 2) Microserb, €C-8, |from MeCN-H_0 {4:1} to |benzoylation. 125
saccharides. 3um. pure MeCH.
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Table 2. (Cont.)

No. Sample Analyte Column Eluent(v/v} Pre- and post Detector Ref .
column reaction
147 tHoney, choco- Lactose, 1} Hibar €N MeCN-H_C {various Precolumn: Fi.
late; pharma- maltose. 2) ltibar RPC-18 pmpur%ions) -0.024 Oansy Thydrazones. ex 360 nm
ceutical formu- 3) Hibar RP C-8 FOH and 0.05M boric . 126
lations. 4) Partisphere RPC facid. on >440 om
-188 ’
148{Corn syrup Qligosacchs: 1) Resclve C 1) HO RI
solids; malte- |d.p. 1-10 (1) 2} E-High A and 2) HZO conty. 0.15M 127
dextrins, d.p. averall (2) E-50C uBondagel. NaCl.
149|Sugar-beets, Sucrose. uBondapak /carbo- MeCNfHZO (3:1). Rl
fodder sugar- hydrate. 128
beets.
150{Mixture of Maltose, HPX-B5A (Ag, form). [n/a RI
sacchar ides. lactose, HPX-B5A {Pb  form)
sucrose, maltot- 129
ricse,
lactulose.
151 |Mixture of Maltose, Polyol-RSil MeCN-H_0 {68.6:31.4) RI
various oligo- lactose, maltot- and add. of 0.1% TEA. 130
saccharides. riose,
raffinose.
152(Starch, enzyma- |Malte-oligo- Lichrospher Qiol, MeCN-HZO (80:20) Post-column with [UV, 315nm.
tically degrad- |sacchs. Spm. cupramnon ium 131
ed. d.p. 1-5. reagent.
153[Products of Maltose, maltot-|SugarPak 1 HZO RI
alcoholic riose, maltotet-|T 30731-230
fermentation of |raose. 132
wart . oligosacchs.,
d.p.>4.
154|Beer worts. 1) Di- and tri- [Carbohydrate, 1 MeCN—HZO (75:25) Ri
saccharides; [P/N 84038
(variaus). 2) MeCN~HZO (60:40)
2} 0ligosacch- 133
arides with
up to 10
glucose
units.
155|Cucumber nectar. {Sucrose. Carbohydrate. MeCN»HZO {75:25) RI 134
156[Scft wheat Saccharose, Carbohydrate- MeCN-HZO (60:40) RI 135
flours. maltose. Analysis.
157 [Mixture af Maltose, Copper silica gel. [H _O: MeCN (25:75), R1
various sacchar-|sucrose, [ HB] = 0.5M 136
ides. lactose.
158 | Heparin. Di, tetra, hexa,[l) SAX analytica 1) NaCl, pH 3.5 Uy, 232 nm
octa and deca- column. 2) 0.5M NaCl 138
saccharide, 2) BPC-HPLL G3000SW
and G2000SW.
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Table 2. (Cont.)
No. Sample Analyte Column €luent(v/v} Pre- and post Detector Ref.
column react ion
1594 0extran. Malto- and iso- |Gelko C-610 HZO Post-column with |Electro- 139
mattodextrins. 2-cyanoacetamide. chemical
160|Poo) serum; Maltose, LS 212 HZQ Post-column with [Indirect
urine. lactose. copper-bis Amperometry |[140
(phenanthroline).
181 |Wine, milk, Lactose, TSIE—gel SCX D.IM; 0.8M; 0.05M Conductometry
mixture of mono-|sucrose, (H form). boric acid solution.
and oligo- maltose, 143
saccharides; raffinose.
organic acids.
162 {Hixture of Sucrose, Sugar-PAK 1 H20 Post-column with |Indirect
various lactose, copper compounds |Potent iometry|144
saccharids. ma ltase.
163 [Urine. Lactulose. CHO-62¢G cation- RI 145
exchange.
184)Strawberry and |Saccharose. Hibar1ichrosorb NH2 MeCN~H20 {85:15) RI
raspberry 146
purees.
165{Hyaluranate Even and odd 1} Lichrosorb-NH 0. 1M KH_PO Uy, 206 nm.
numbered oligo- }2) Ultrasil NH2 (pH 4.75) 147
saccharides.
166|Milk treated Lactose; three |Amino Spheri-5 HeCNAHZO (75:25} R1
with g-galacto- {disaccharides 148
sidase and one
trisaccharide.
167 |Mandarin juice. [Sucrose. uBondapak WH_, MeCN (75% in Hz()) RI 150
Sep-Pak C-18.
188|Lignocellulosic j1) Cellobiose, |!) Radial Pak B 1) MeCN-H 0 (75:25) RI
hydrolyzates 2) oligomers 2} Dextropak +0.1% Sam, an amine 151
{d.p. 2 te 5) additive,
2) HZO.
169{Glycoproteins. |[Various oligo- |[TSK-gel LS410, 0DS |[0.1M CH_COONH buffer, [Post-column with [F1.
{the sugar sacchs. pH 4 contg. 0.25% 2-amine pyridine. 152
chains]. 1-butanol.
170| Amy lose EX-1 Maltooligo- Cosmosil 5 C-18 0.1M CH_COONH  buffer, |Post-column with Fl.
sacchs. pH 4 contg. ©¢.05% 2-amino pyridine. ex320 nm 153
1-butanel, 400 nm
emn
171|Laxative syrup [Sucrose, 1) Hypersil 1) isooctane-(Et)_0- Precolumn uv, 231 nm
for babtes raffinose. 2) Hypersil 0DS MeCN (150:75:15) benzoylation.
?) MeCN-H_O-tert. butyl 154
methyl ether
L (80:20:4).
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Tahle 2. (Cont.}

No. Samp e Analyte Column € luent(v/v] Pre- and post Detector Ref.
column reaction
172{Glycosaminogly- |Non-sulphated Hyperchrome packed [Saline solutions. uy, 230 nm
cans after disaccharides. [with Nucleosil 558 157
enzymatic
digestion,
173 |Human gastric Vartan reduced |Chemopak Hypersil HZD u¥, 219 rm.
juice. oligosacchar- 159
ides.
174|Baby foods; diet|Sucrose, 1#Bondapak/carbo- MeCN-H20 (82:18) n/a
or breakfast ma ltose, hydrate. 180
bars; condi- lactose.
ments.
175{Mixture of Lactose, raffi- |[Calumn packed with [GTycerol-MeCN-H _O- MS
aligosacchar— nose, malto- $72-5532 MeOH (10:53:18:5)
ides. oligosacchar- (Showadenko) . 161
ides.
(1->6).
176]Extract of Trehalose, Sugar-Pak t 50 mg/1 calcium titri- |[Post-column with [UV, 280 nm.
mycelial sample |sucrose, plexdihydrate new deve loped 162
,‘cf ?. gramin®s. [maltose. {CaNazEDTA) Cuprarman i um
reagent.
177Kk, mitk Lactose. Partisi] 10 carbo- MeCN»HZO {4:1} Rl 163
products. hydrate i
t i

established that allow analysis of all the different mono- and
oligosaccharides due to the great multiplicity of structures. Tables
1 and 2 summarize the specific chromatographic conditions used
according to the nature of the saccharide samples and, sometimes, to
the requirements of the detector. Comparison of the various
separation systems is very difficult because many parameters affect
the choice of an HPLC separation system for saccharides: elution
pattern, total time of analysis, toxicity of mobile phase, coiumn
efficiency, stability and life time of the column packing material.
Many types of HPLC saccharide separation techniques have been
developed, according to the nature of the column packing material. The

following HPLC variants are presented in this article:
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1. Anion exchange.
Cation exchange.

Silica gel (naked).

& W

Amino columns: chemically bonded or dynamically modified silica
gel,

Chemically bonded alkyl silica gel.

6. Diol and "carbohydrate" columns.

7. Miscellaneous.

The applications of silica gel based cation exchanger and of
polyol derivatized silica gel are relatively new to saccharide HPLC
separations. Each of the HPLC techniques produces a typical elution
profile, enabling to solve a specific analysis problem. The HPLC
separation of saccharides can be carried out according to one of the
following principal interactions:

a. Formation of an anionic borate complex of the saccharide and
separation of this complex on anion-exchange resins.
b. Ligand exchange based on the interactions of the saccharide with
cations in the resin.
¢. Separation by cation exchange. The chromatographic mode is simple
and enables possibility of using different cations in the resins:
sodium, silver, lithium, calcium. In this case, the ionized forms
of the analyzed solutes are preferentially sorbed onto ionic sites
having opposite charges fixed on a solid matrix. The exchange
process involves competition between solute ions present in the
mobile phase and the counter ijons paired with the oppositely
charged functional groups fixed on the stationary phase. In order
to maintain the electroneutrality of both phases, the separation

process involves a displacement of the counter ions, originally
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associated with these ionic sites, by the ion to be analyzed. In
saccharide analysis the character of the cation of the exchange
resin is an important factor which determines the quality of the
separation.

d. Partition chromatography of the analyzed saccharides on cation
exchangers. This chromatographic technique is based on the
partition of ions (saccharides) between a polar mobile phase and
the non-polar resin backbone. The ion-exchange sites are
typically immobilized in small beads of resin that are formed by a
cross-1inked polymer.

e. Saccharides separation on silica gel via hydrogen bonding with the
silanol groups of the silica.

f. Separation of saccharides on silica gel with chemically bonded
aminoalkyl group. This separation technique is simple and
effficient [14].

g. Separation of saccharides can be accomplished on silica gel
modified with mono or polyfunctional amine. The saccharides in
the mobile phase form complexes with the amine, also present in
the mobile phase.

h. Separation on cupric silicate according to the hydrophilicity of

the saccharides [15].

1. Anion_exchange

The anion-exchange of saccharide-borate complexes was first
applied in 1952 [16]. This HPLC technique includes formation of
negatively charged complexes of certain saccharides (polyols) with
boric acid or its salts followed by ion-exchange of these complexes on

strong basic anion-exchange resins. The elution of the saccharides is
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controlled by using a solution of borate buffer as mobile phase [16].
Anion-exchange of saccharide-borate complexes is a frequently used
HPLC technique. It requires gradient elution and column regeneration
for optimal separations. Sometimes widening of peaks due to
continuous dissociation of the borate complex during the elution was
observed. The stability of the complexes depends on the pH [17].
Monosaccharides in human serum have been separated on strong
anion-exchange columns using as eluent a mixture of tetraborate-boric
acid (pH 8.98) [18]. HPLC analysis of the monosaccharides in
hydrolyzates of volcanic ash soil, using an anion-exchange column and
gradient elution with boric acid (0.15M, pH 8.0 to 0.4M, pH 9.0), has
been reported. A postcolumn labeling with monoethanolamine, enabling
fluorescence detection, have been carried out [19]. A recently
described HPLC method for determination of mono - and reducing
disaccharides involves, in addition to the use of other columns,
separation on anion-exchange column [20]. Fluorescence detection has
been used for HPLC determination of reducing and nonreducing
saccharides, which have been separated as borate complexes on
anion-exchange resin., The postcolumn labeling has been performed
with taurine in sodium metaperiodate solution at 140°C [21].
Anion-exchange column has been used for HPLC separation of reducing
saccharides present in the needles of air-polluted healthy and damaged
Picea trees. The mobile phase was 0.4M boric acid {pH 9.35) [22].
HPLC anion-exchange separation of mono - and disaccharides, present in
milk and milk products, has been achieved using 0.2M potassium borate
buffer (pH 7.8) and 0.5M potassium borate buffer (pH 8.7) as the
mobile phase for disaccharides and monosaccharides respectively [23].

The HPLC separation of several human milk oligosaccharides, using an
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anion-exchange borate form column and a linear gradient of sodium
borate (0.1M-0.4M) buffer, pH 8.0, has been reported recently [24].
The application of an anion- exchange column for HPLC separation of
gluco-oligomers, N-acetylglucosamine and of high mannose-type
oligosaccharides has been reported. The mobile phase was aqueous
acetonitrile. UV absorbance (208 nm) detection has been used [25].
The application of vinylpyridinium (VP) polymers for the anion-
exchange HPLC separation of mono- and oligosaccharides has been
recently described [26]. The effects of counter ions (bromide,
phosphate, sulphate, nitrate) and of the length of the alkyl chain in
the pyridinium polymer have been examined. Among the 4VP polymers
the order of retention of saccharides is phosphate > sulphate >
bromide > nitrate. In all cases the eluent was acetonitrile-water
{4:1) [26]. Additional details on the chromatographic conditions are

presented in Tables 1 and 2.

2. Cation exchange

The application of ion-exchange materials as chromatographic
supports was reported already in 1948 by Applezweig [27]. Ion-
exchange chromatography has been used since the 1950’s for separation
of both organic and inorganic substances. Today this chromatographic
method is applied with high degree of sensitivity for HPLC separation
of monosaccharides as well as oligosaccharides mixtures. This advance
has been made possible by the preparation of very small rigid beads
{5-15 u diameter) of ion-exchange resin. The most popular packings
are crosslinked polystyrene-based and silica-based ion exchangers. On
these cation-exchange resins, oligosaccharides are separated on the

basis of size-exclusion and Tigand-exchange mechanisms. Therefore,



10:11 25 January 2011

Downl oaded At:

MONO- AND OLIGOSACCHARIDES 1075

both the internal pore size and the presence of the resin with bound
metal 1igands affect the quality of the separation [28]. The majority
of the columns are packed with either 4% or 8% divinylbenzene
crosslinked resins. Packing of 4% crosslinked resin in the HY form
enables separation of oligosaccharides with d.p. 1 to 5. 4% cross-
linked resin in the Ag+ form separates higher oligosaccharides; at
Teast d.p.6 [29]. The elution order is with increasing molecular
weight [29]. In the case of polystyrene-based cation exchangers, the
influence of column dimensions, as well as of the eluent flow rate, on
the analysis time has been extensively investigated [30].

Silica-based cation exchange packing is more pressure stable, but
it has the disadvantage of matrix dissolution in alkaline eluent
[31].

Columns containing cation-exchange resin in the calcium form have
been used for HPLC separation of mono- and oligosaccharides present in
sugarcane juice, syrups, molasses, mud [32], in apple juices, foods
[33] and for analysis of complex mixtures of different saccharides
[86]. The mobile phase was a low concentration solution of calcium
propionate or acetate in water [33]. Successful HPLC separation of
di- and trisaccharides, found in brewing intermediates and in beer
[34], as well as of reducing and nonreducing mono- and oligosaccha-
rides [35] has been achieved by using cation-exchange column. In both
cases, the elution has been carried out with water.

Methods which involve the use of crosslinked polystyrene based
strong cation-exchange vresin for HPLC separation of different
saccharides from various sources, have been recently reported. The
mobile phase was aqueous solution of sulphuric acid [36,37,38].

Saccharide components (pentoses, hexoses) of cereal fibers poly-
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saccharides have been determined by HPLC separation on a cation-
exchange resin loaded with lead and using water as the mobile phase
[39]. HPLC analysis of monosaccharides in nonalcoholic beverages has
been carried out by using a cation-exchange column and 0.0IN H2504 as
the eluent [40]. Cation-exchange resin in the sodium form has been
employed for HPLC separation of unsaturated disaccharides prepared
from chondroitin sulphate and dermatan sulfate isomers [41] as well as
from hyaluronic acid and chondroitin [42]. In the both cases the
eluent was a mixture of acetonitrile, methanol and 0.5M ammonium
formate (pH 4.5).

Investigation on the elution behaviour of different saccharides,
using a cation-exchange technique, showed that hexoses and pentoses
have shorter retention times than the corresponding deoxysaccharides
[43]. The application of strongly acidic cation exchangers, in the
silver or calcium form, for separation of oligosaccharides (d.p. 1-15)
in starch hydrolysates has been reported. The effect of the resin
form, particle size, temperature and mobile phase (water) flow rate on
column performance has been tested [69]. Recently, it has been found
that a cation-exchange resin in the silver form with a crosslinking of
6% 1is suitable for the analysis of mono- and disaccharides. Acid-
catalyzed hydrolysis of sugars at elevated column temperatures could
be suppressed by using column in the mixed silver-lead(II) form. This
mixed column connected in series with a 8% crosslinked cation-exchange
column resin in the lead(II) form enabled the separation of sucrose,
maltose, lactose, glucose, galactose and fructose [129].

Additional examples of the application of cation-exchange column
packings for separation of various saccharides by HPLC are as follows:

analysis of mono- and disaccharides in pool serum and urine using
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water as mobile phase [140]; quantitation of xylose, glucose,
galactose and mannose in hydrolysed and reduced wood sugar solutions,
using water and 0.005M sulfuric acid as the mobile phase [141]; method
for rapid and accurate quantitative separation of various pentoses
(d-xylose, arabinose) in beer, for elution, 0.0IN H2504 was used
[142]; separation of aldomonosaccharides (pentoses, hexoses), di- and
trisaccharides as well as alditols found in wine and milk samples
[143]; separation of mixtures of different mono- and disaccharides on
sugar - PAKl column, using water as the eluent [144]; separation at
85°C of rhamnose, mannitol and lactulose, excreted in urine, water was
used as the mobile phase [145].

The introduction of fixed-ion resin columns has led to the
development of ion-moderated partition chromatography and to the
design of specific resin columns for saccharide analysis. The resin
is used in a non-ion exchange mode and the counter ion remains on the
column and effects the desired separation [44]. In this case the
partition of the solute proceeds between a resin swelled by water and
a mobile phase of water alone or mixture water/organic solvents. Water
is most often used as the mobile phase in the ion-moderated mode of
HPLC separation of saccharides, particularly mono- and disaccharides.
The resins used for this mode of HPLC separations are cation
exchangers (sodium, calcium, lead forms). An ion-moderated technique
has been used for HPLC separation of mono - and disaccharides present
in cane and beet molasses. Columns containing cation-exchange resins
in the sodium or calcium form have been used. It has been found that
the cation- exchange resin in the sodium form was the most suitable

for the separation of saccharides in both types of molasses [45].
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Monosaccharides in beer, white wine and soft drinks have been analyzed
using metal cations mode of separation on cation exchange resin [46].

The application of ion-moderated HPLC for separation of fructose,
sucrose and glucose-1-phosphate, using divinylbenzene (8%) crosslinked
sulphonated polystyrene, has been reported. For elution, 0.03M
sulphuric acid and 0.01-0.06M aqueous trifluoroacetic acid have been
used [47].

The ability of heavy metal (lead) cation-exchange columns for
efficient HPLC separation of different mono- and oligosaccharides has
been investigated. In the case of HPLC separation of neutral mono-
saccharides and cellobiose, commonly present in food and fecal neutral
detergent fiber, it has been found that the column packing used,
Aminex HPX-85P, was 2-3 times more sensitive than a normal-phase
column, enabling the determination of cellobiose [48]. In another
case, optimal conditions have been developed for the ion-moderated
partition HPLC separation of radioactively labelled monosaccharide
components of proteoglycans [49]. In a recently reported study on the
HPLC separation of mono- and oligosaccharide compenents in under-
ivatized hydrolysates of various bacterial lipopolysaccharides,
satisfactory resolution has been obtained when a cation-exchange
column in the lead form has been used [50]. A series of studies on
the HPLC analysis of mono- and oligosaccharides based on a cation
loaded column, were recently carried out: determination of pentoses
and hexoses in dry wines [51]; separation the monomeric and oligomeric
(d.p. up to 4) saccharide products of enzymatic degradation of
cellulose, xylan, arabinan and galactan. The resin in the lead form
enables the separation of oligosaccharides of low d.p. [52], and of

glucose, mannose, allose and galactose, found in plant glycosides
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[53]. Cation-exchange mode of HPLC has also been used to analyse
mixture of monosaccharides and sugar alcohols [54], teo separate
glucose, galactose and lactose in low-fat plain yogurt and in lactose
containing microbiological media [55]. A cation-exchange resin in the
silver form has been used for HPLC separation of monosaccharides in
gluco-oligomers [56] and of saccharides obtained upon hydrothermal
hydrolysis of filter paper and of poplar wood [57]. The mobile phase
in the above cases was water. Aldopentoses and aldohexoses, known to
be present in the sugar chains of animal and plant glycoproteins, have
been separated in partition mode on a highly crosslinked cation-
exchange column packing [58]. A combined partition and Tligand-
exchange mechanism has been proposed in the case of HPLC analysis of
aldose anomers [59]. Finally, the HPLC separation of monosaccharides
and their derivatives, contained in plasma from fetal and maternal
sheep, has been reported [60].

In conclusion, cation-exchange chromatography is still a powerful
method for HPLC separations of mono- and oligosaccharides. Further
chromatographic details for the application of the cation-exchange

mode of separation by HPLC are compiled in Tables 1 and 2.

3. Silica_(naked)
Adsorption chromatography is useful mode of HPLC and the widely

used adsorbent is silica. This stationary phase can be used either
pure or in a modified form. A wide range of mobile phases, from
non-polar hydrocarbons to very polar systems, have been used with
silica adsorbents. Since the mobile phase can have different
compositions, the result is various separation systems. Most of the

separations can be obtained in a short time.
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3.1 Silica gel, without precolumn derivatization of the analyte

This is the simplest method for HPLC separation of monosaccha-
rides. In this case the retention of the saccharides depends of the
hydrogen bond between the silanol groups of the stationary phase and
the hydroxyl groups in the saccharide structure. In the most cases, a
moderate resolution has been obtained.

HPLC separation of mono- and oligosaccharides found in jejunal
aspirates from experimentally perfused phase, has been carried out on
a silica packing phase followed by a postcolumn reaction with
cuprammonium reagent and UV monitoring at 285 to 310 nm [61]. In
another case, oligosaccharides isomers, released from certain
glycoproteins present in human milk, have been separated on silica
gel. The separation of the disaccharides and the first trisaccharide
from the other trisaccharides has been achieved with a mobile phase of
dichloromethane, hexane and 5% isopropanol [62].

3.2 Silica_gel and precolumn derivatization of the analyte.

Precolumn derivatization has been performed for three main
reasons: (a) to protect the configuration of the separated
saccharides, since during the chromatographic procedure epimerization
as well as isomerization of the saccharide molecule can occur; (b) to
enhance detection and (c) to change the chromatographic behavior.
Usually the esters (perbenzoates, acetates) of the saccharides are
prepared and a mixture of light hydrocarbons (pentane, hexane) is used
as mobile phase. Historically, the precolumn derivatives as
dansylhydrazones [63] and O0-benzyl-oximes [64] are used most
frequently for the separation of saccharides on silica. Usually,
comparing to the original saccharides, the precolumn derivatives are

more hydrophobic.
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Glucose and saccharide alcohols in human and rat lens,
erythrocytes and plasma have been analyzed by making a precolumn
derivatization with p-nitrobenzoyl chloride followed by separation on
silica packing phase and UV monitoring [65]. HPLC quantitation of the
radiolysis products of d-fructose has been achieved by a precolumn
derivatization to the corresponding O-benzyloximes and their
separation on a silica gel column with gradient elution. The good
separation obtained using these derivatives as well as the possibility
of removing most of the unchanged d-fructose make this method
preferable for the analysis of irradiated saccharide solutions [66].
Application of silica gel column for the separation of reducing
oligosaccharides (d.p. 1 to 6) present in human milk, hydrolysate of
chitin and faeces of breast-fed children has 'been reported. The
method involves precolumn derivatization, under reductive conditions
(sodium cyanoborohydride), to the corresponding aminoalditol
derivatives [67]. Silica columns were used for the separation of
neutral saccharides, present in treated lactose, hen egg albumin,
casein and chondreitin. The procedure involves a precolumn
derivatization to the corresponding 2,4-dinitrophenylhydrazones and
elution with 7.6% methanol and 0.7% water in chloroform [68]. Silica,
as well as chemically bonded octadecylated-silica columns have been
compared for their separation efficiency in analysis of mono, di- and
trisaccharide present in laxative syrup for babies. Here, precolumn
benzoylation has been performed for preliminary cleaning [154]. The
saccharide components (pentoses, hexoses, heptose and 2 or 6- deoxy-
hexoses) of glycosphingolipid globotetraosyl ceramide and the human
milk oligosaccharide lacto-N-fucopentaose have been determined by

precotumn derivatization with 4’-N,N-dimethylamine-4-aminoazo benzene
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following by HPLC separation of the corresponding derivatives on

silica column phase [155].

4, Amino columns
4a. Chemically bonded

Silica gel can be used either in the native form or in a modified
form. The term "chemically bonded phase" applies to a covalent
bonding, via siloxane bridges, of organic moiety (ligate) to the
surface of the silica support.

A wide variety of physical and chemical properties of this
stationary phase is obtained by derivatizing the surface silanol
groups with organic silyl compounds.

The chemical nature of the ligate dictates whether the column
material is polar or nonpolar sorbent or ion-exchanger. The amino-
bonded silica column packings were first introduced in 1975 [70].
Chemicaily bonded phases containing aminoalkyl function such as

-aminopropyl group at the silica surface are widely employed in HPLC
analysis of saccharides, requiring a highly polar surface. Such
packings are most frequently used with nonpolar organic solvents or
aqueous-organic mixtures (aqueous methanol or aqueous acetonitrile) as
the mobile phase.

The separation of saccharides on chemically bonded aminoalkyl-
silica is not always quantitative. This is due to the possible
interaction between reducing saccharide and the amino group of the
ligate (formation of Schiff’s base) and to a self hydrolysis of the
basic material [71, 72]. It has been shown that aldopentoses and
galactose react with the amino function of the stationary phase when

aqueous acetonitrile is used as the eluent [14].
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The possible interaction between the analyzed reducing
saccharides and the amino group influences the elution profile. The
aminoalkyl-silica packing phases have relatively short Tifetime
because of the hydrolysis of the bond during the elutions [71, 72].
Stabilization of aminopropyl-silica phases is achieved by
crosslinking, but a decrease of the retention times can be obtained.
In order to restore the retention times, the acetonitrile content of
the eluent must be increased. Stability of aminoalkyl-silica phase
during the elution is attained "in situ" by constantly regenarating
the surface of the phase [71]. Despite these possible Timitations,
the new commercial packings are stable and provide satisfactory
separation of saccharides. Table 3 compiles certain aminoalkyl groups
bonded to silica used in HPLC.

The HPLC selectivity of different chemically bonded amines for
the separation of saccharides has been discussed [73]. The influence
of various parameters on the quantitation of the HPLC analysis of

mixture of mono- and disaccharides has been investigated [14]. Studies

Table 3

Chemically bonded aminoalkyl groups

-aminopropyl R = S1'-CH2~CH2—CH2-NH2
diamino R = Si-(CH2)3~NH-CH2-CH2—NH2
CH3
dimethylamino R = Si-CHZ-CHz-CHz-N \
CH

3
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on the influence of the water content in the mobile phase on the
retention time as well as the mechanism of the partition of
saccharides on amino-bonded silica columns, have been reported [74,
75, 76]. The composition of the eluent determines the elution
profile. In practice, the desired HPLC analysis of saccharides is
obtained by varying the polarity of the mobile phase, causing a change
of the retention times of the individual components [14].

A great number of studies on the HPLC separation of mono- and
oligosaccharides, found in different natural products and systems, on
chemically bonded aminoalkyl-silica packing material have been
reported in the Tlast several years. The experimental details are
compiled in Tables 1 and 2. It has been found that when the
trisaccharides are composed solely of glycosyl units, retention times
increased in the order of bonding (1 ->3), (1 ->4), (1 ->6)
following the pattern of the disaccharides [76]. The application of
an amincalkyl-silica column for separation of common food saccharides
and cardiac glycosides by HPLC has been studied [77]. A satisfactory
separation of saccharides component in certain fibre polysaccharides
from cereals [39] and of glucose, fructose, sucrose in cane and beet
molasses [45] has been achieved. HPLC separation of mixtures of mono,
di- and trisaccharides on aminoalkyl-silica gel column has been
combined with an electrochemical detection [78]. An aminoalkyl-silica
column has been used for HPLC separation of monosaccharides in beer,
white wine, soft drinks [46] as well as of disaccharides present in
powdered milk [79]. A complete separation of the anomers of mono- and
disaccharides has been reported [80]. A newly developed bonded
propylaminoethanol column provided a more stable alternative to

commercial aminopropyl-silica or to silica gel treated with amine
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modifier [B1]. The application of an octadecyl-silica phase doped with
primary amino group ( -aminopropyl) for HPLC separation of different
malto- oligosaccharides, found in hydrolysates from starch, has been
reported [82]. An aminoalkyl column has been used for the HPLC
follow-up of the formation of oligosaccharides during B-galactosidase
action on lactose [83]. Monosaccharides in a commercial isomerose
(fructose - high glucose syrup) have been separated on amino-bonded
column packing using a mobile phase of acetonitrile-water (9:1) [84].

Finally, the widespread application of chemically bonded
aminoalkyl-silica column materials for HPLC separation of different
mono- and oligosaccharide mixtures is shown by the following serie of
recently performed analyses: [20, 50, 62, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 146, 147, 148, 149, 150].

Tables 1 and 2 present the experimental HPLC conditions for the
determination of mono- and oligosaccharides respectively, including
the use of chemically bonded amino columns.

4b. Dynamically modified silica gel

Dynamically modified silica gel with amino group is created "in
situ", using a modifier containing an amino moiety [99]. Various
techniques have been developed which use silica columns and reversed-
phase columns for separation of saccharides by adding small amounts of
amines (modifiers) to the eluent [100, 73]. In the case that the
eluent contains n-alkylamine, octadecyl-silica gel can be used as
packing support instead of silica gel [100]. During the separation
procedure, the "in situ" amino-modified columns are relatively stable
since they are continuously generated [101]. The efficiency of

amino-modified silica columns is of the same order as the efficiency
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of chemically bonded amino-silica columns and sometimes slightly
better [102, 73].

Silica gel modified by certain di- or polyamines gives a
relatively effective and stable column packing for HPLC of mono- and
oligosaccharides. HPLC separation of trisaccharides as alditols on
silica modified "in situ" with tetraethylene pentamine has been
achieved in a study on the analysis of oligosaccharide isomers
released from certain glycoproteins [62]. Dynamically amino-modified
silica with 0.05% (w/v) 1,4-diaminobutane has been used for HPLC
separation of eight disaccharides and of laminari - and isomaltooligo-
saccharides. In this application, precolumn reductive amination
followed by coupling with UV-absorbing reagents, of the analyzed
oligosaccharides, have been performed [103].

The quantitation of glucose and fructose, generated by the
inversion of sucrose during the sugarcane processing, has been
achieved by modifying 10 pm silica particles with amines [104].
Oligosaccharides (di-to dodeca saccharide), precolumn derivatized by
reductive 2-aminopyridyl amination, have been separated on silica
modified with 0.1% 1,6-diaminohexane (DAH). Gradient or isocratic
elution with aqueous acetonitrile containing 0.01% - DAH has been
carried out {105]. An  analytical method for quantitative
determination of 1linear malto-oligosaccharides with various d.p.
using HPLC separation on a silica column amino-modified with
1,4-diaminobutane in 50% acetonitrile, has been developed. The
relationship between peak area and amount of oligosaccharides was
linear [106]. Monosaccharides {pentoses, hexoses) and oligomers (d.p.
2 to 5), found in lignocellulosic hydrolysates, have been separated on

dynamically modified silica by using acetonitrile-water (75:25) mobile
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phase with the addition of an amine modifier [151]. Additional
details concerning the application of the dynamically prepared amino

columns are presented in Tables 1 and 2.

5. Chemically bonded alkyl columns

Chemically bonded nonpolar phases containing a hydrocarbonaceous
moiety bound via silyl ether bond to the silica surface are widely
used. The most frequently wused phases for HPLC analysis of
saccharides are bonded octyl and octadecyl silica gel but shorter
chains also find applications [107]. Aqueous or aqueous-organic
eluents are generally used with such columns.

The first reports on the apllication of RP-HPLC to saccharides,
using water as the eluent, were published during 1979-1980 [8]. The
retention behaviour of oligomers in starch and cellulose hydrolyzates
on alkylbonded silica gel columns with varying chain Tength ({between
octyl and octadecyl) and varying support pore diameter has been
investigated. The influence of eluent pH and addition of sodium
chloride or alcohols to the eluent was studied. It was concluded that
a neutral aqueous eluent is better than one of low or high pH. The
presence of sodium chloride resuited in an increased retention time
and better resolution [108]. Octadecyl-bonded silica gel can be used
for the HPLC of underivatized and derivatized saccharides that include
oligosaccharides. Generally the retention of saccharides on
octadecylated-silica is relatively short and specific. This fact is
of importance in the case of analytical HPLC separations of mixtures
of mono, di- and permethylated di- to tetrasaccharides [93]. It has
been shown that various chemically bonded alkyl-silica packings have

the capacity of separating oligosaccharides when the eluent is pure
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water. The separation can be performed at room temperature but by
lowering the temperature an increase in the resolution and retention
times is obtain. Shortening the bonded alkyl chain, or using silica
with Tlarger pore diameter, can change significantly the retention
behaviour of oligosaccharides. For identification of saccharides in
complex mixtures reversed phase HPLC is a good alternative, to either
ion-exchange or amino-bonded silica packing materials [109}. A
comparison on the use of different chemically bonded phases versus
dynamically modified silica packings for separation of oligo-
saccharides, containing neutral and acetamido saccharides, has been
reported [25].

Precolumn derivatizations have been used with alkyl-bonded silica
gels, for the HPLC separation of very polar saccharides, which alane
are not sensitive to common optical detectors. Most of these
derivatives contain aromatic or heterocyclic substituents which either
absorb in the UV region, fluoresce intensely or require specific
detection. For example, derivatization with naphthoyl chloride [110];
2-aminopyridy] derivatives (amination) [1160, 113, 117];
2,4-dinitrophenyl hydrazones [112]; methanolysis and perbenzoylation
of the methyl glycosides [115]; the corresponding benzoates [125],
dansyl hydrazones [116, 118, 124, 126], dabsyl hydrazones [123, 124];
preparation of the quinoxalines and acetylated quinoxalines [121] and
preparation of the corresponding glycamines which have been labeled
with the fluorescent reagent NBD-F [122].

The popularity of the various alkyl-bonded column materials for
HPLC separation of mono- and oligosaccharides can be demonstrated by
the great number of publications which appeared during the last years:

Separation and quantitation of monosaccharides [93, 112, 113, 115,
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116, 118, 122, 123, 124, 126, 150, 154] as well as of oligosaccharides
with different degree of polymerization [25, 62, 93, 108, 109, 110,
111, 114, 117, 1i8, 119, 120, 121, 124, 125, 126, 127, 128, 150, 152,
153, 154].

Tables 1 and 2 present the experimental conditions when

alkyl-bonded column packings are used.

6. Diol and "carbohydrate" columns

The application of diol-bonded silica gel as stationary phase for
HPLC separation of saccharides has been reported [130, 131}]. The
polarity of this stationary phase is similar to, or higher than, that
of silica gel itself, but the selectivity is different. In most cases
of using diol-bonded silica, the elution pattern is similar to that
obtained with aminopropylated silica gel. It has been found that diol
derivatized silica gel separates mono, di- and trisaccharides, each
group from another and also the individual saccharides within each
class. The mobile phase used for separation of the monosaccharides
and oligosaccharides was acetonitrile-water in proportion (70:30) or
(68.6:31.4) respectively. The retention time is a function of the
acetonitrile content of the eluent [130]. In this study it was
necessary to use triethylamine (0.1%) in the mobile phase to prevent
separation of the two anomeric forms of the analyzed saccharide.
However, the addition of triethylamine can reduce the life span of the
column packing. To alleviate this problem,a precolumn is used.
Usually the polyol-bonded silica phase is more stable for saccharide
analysis than the popular aminopropyl-bonded silica [130]. Another
application of diol-bonded silica is the separation of monosaccharides

and maltooligosaccharides in coffee drinks, biological fiuid and
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enzymatic degraded starch. The mobile phase was a mixture of
acetonitrile-water (80:20). In this case the column effluent reacts
with cuprammenium reagent and the product is monitored by absorbance
detection at 315 nm [131].

Carbohydrate columns have been applied for HPLC analysis of
saccharides: glucose and fructose in products of alcoholic fermenta-
tion of wort have been separated on a Carbohydrate column, using
acetonitrile-water mixture (75:25) as the mobile phase [132]; the same
column has been used for the separation of monosaccharides as well as
of oligosaccharides (containing glucose units) found in beer worts
[133]; separation by HPLC of monosaccharides and sucrose, present in
cucumber nectar using acetonitrile-water (75:25) mobile phase [134];
separation of glucose, fructose, saccharose and maltose, found in soft
wheat flours with acetonitrile-water (60:40) eluent [135]; determina-
tion of the Tlactose content of milk and milk products by using
Partisil 10 Carbohydrate as the stationary phase and mixture of

acetonitrile-water (4:1) as the mobile phase [163].

7. Miscellaneous
The application of HPLC for quantitative separation of sacchar-
ides includes additional specific stationary phases.

a) Copper silicate column packing

Several transition metals, including copper, form complexes with
silica gel. The complexes are used as a stationary phase in the
Tiquid chromatography. When an ammoniacal solution of copper sulfate
is percolated through a silica gel phase, the following reaction takes

place:
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2 (=51-0H) + Cu(NHy),50, -->(=51-0),Cu(NHy) . (Hy0) + (NH,),S0,
1¢Xe?

The result is that almost 40% of the original silanol groups are
substituted. This stationary phase contains the silanol groups coated
with water and cupric silicate molecules. Usually the mobile phase
used is a mixture of acetonitrile-water-ammonia. Certain mono- and
disaccharides and also 2-amino-2-deoxy-D-glucopyranose have been
separated satisfactorily on a copper silica gel phase with a mobile
phase of water-acetonitrile-ammonia [136]. The retention of the
analyte components is explained as follows: The retention depends on a
ligand-exchange mechanism involving complexes between the solutes and
copper (II); the retention of the neutral saccharides is based on
partition phenomena between the water of solvation of the ammonia
molecules contained on the stationary phase and water in the mobile
phase [136].

b. Cyanoethyl-bonded silica

Bonded phase of intermediate polarity usually has cyanoethyl
groups covalently bonded to silica support,

The separation efficiency of cyano-bonded silica has been
compared to that of various alkyl-bonded column materials (octyl- and
octadecyl-silica) for the HPLC analysis of mono- and disaccharides, as
mixtures, in honey, chocolate and pharmaceutical formulations. The
analyzed saccharides have been (precolumn) derivatized to the
corresponding dansyl hydrazones. The derivatives were eluted,
according to the separation conditions, with a mixture of acetoni-
trile-water (different proportions), 0.02M formic acid and sometimes

addition of 0.05M boric acid [126].
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C. Gel permeation, size exclusion

Gel permeation chromatography is one of the techniques for HPLC
separation of oligosaccharides. Stationary phases such as Sephadex
gels, Polyacrylamide gels and sulfonated styrene - divinylbenzene
copolymer are used. Gel permeation chromatography separates mainly on
the basis of molecular size and sometimes on the basis of chemical
structure [137]. Oligosaccharides, produced by enzymatic depolymer-
ization of heparin, have been determined by GPC techniques. The
eluent wused was O0.5M NaCl [138]. Malto- and isomaltodextrines,
obtained from dextran, have been separated by GPC using acetonitrile-
water (9:1) as the mobile phase. The column eluite was post-column
derivatized with 2-cyanoacetamide followed by oxidation [139]. A
comparative study has been carried out on the separation efficiency of
various column packings, including gel permeation, for the 2-amino-
pyridyl derivatives of neutral and amino saccharides, found in glyco-
conjugates. The method is highly sensitive and picomole amounts of
the saccharides can be detected [113]. The averall molecular weight
distribution of oligosaccharides, present in starch hydrolysis
products, was determined using gel permeation (size exclusion).

Agqueous solution of 0.15M NaCl was used as the mobile phase [127].

D. HPLC SEPARATION OF SACCHARIDE ANOMERS

For complete HPLC analysis of saccharides, the separation of
optical isomers is often necessary. During the course of HPLC
analysis, the separation of saccharide anomers can be restricted since

mutarotation occurs. Recent development of new column packings,
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having high efficiency, and of specific derivatization reagents
enables in the most cases the separation of such isomers.

An improved method for analysis of aldose anomers by HPLC on a
highly crosslinked cation-exchange resin of sodium and of calcium
forms has been described. A combined partition and ligand- exchange
mode was proposed. In this case, it has been found that increasing
the acetonitrile content in the eluent, gave a better separation of
aldose anomers; the peak splitting due to anomers can be eliminated by
the addition of 0.001M triethylamine, which catalyses the mutarotation
process [59].

The separation of mono- and disaccharides anomers (pyranose, furanose}
on amino-silica columns, using acetone-water-acetic acid as the eluent
at a Tow temperature, has been reported. Resolution patterns showed
remarkable changes with decreasing column temperature. It was found
that at very low temperatures the mutarotation of the saccharide
anomers has been suppressed and the pyranose anomers of the examined
mono- and disaccharides were completely separated. The furanose
anomers were also separated from an equilibrium mixture under
controlled conditions. The column effluent has been monitored with a
refractive index detector [80]. In the case of the separation of
mono, di- and trisaccharides on a Polyol phase, triethylamine (0.1%)
was added to the mobile phase to prevent separation of the anomeric

forms [130].

E. DETECTION

The liquid chromatographic detector is a device which indicates

the presence of, and measures the amount of the separated components
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in the column effluent. Proper choice of detection system is
important since, unlike gas chromatography, there is no universal LC
detector. The principal detection modes used for HPLC analysis of
saccharides can be classified as follows: 1) For underivatized
sugars: differential refractometry, ultra-violet absorption, mass
spectrometry; 2) pre- or postcolumn reactions followed by absorption
or fluorescence monitoring of the derivatized saccharides in the
column effluent. Detectors such as refractive index, ultra-violet and
visible spectrophotometer, fluorometer, mass-spectrometer, ampero-
meter and potentiometer have been used to varying degrees of success.

Generally, mono- and oligosaccharides cannot be detected directly
by absorption in the ultra-violet and visible regions, or by fluore-
scence since they lack chromophores and fluorophores respectively.
Direct measurement of the absorption in the near-ultraviolet region
provides a more sensitive method, but it is non-selective. Consider-
able efforts have been made in improving the detection sensitivity and
efficiency by the use of pre- and postcolumn reactions.

Applications of the various detection modes for HPLC analysis of
mono- and oligosaccharides in real samples are presented in Tables 1
and 2 respectively. In addition, Tables 4, 5 and 6 summarize the

various classes of the detection systems.

a. Underivatized sugars

a.l Refractive index (RI)

Among the methods for the detection of saccharides in HPLC,
refractive index measurement is the most popular. This detector is
stable, simple to operate and the sample is not destroyed. The RI

detector has relatively good sensitivity. However, it is highly
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Table 4. Detection (Underivatized)

Detector

Item number in Tables 1 and 2

Refractive index

UV absorption

Mass spectrometry

Miscellaneous

7, 8,9, 11, 12, 13, 14, 15, 16, 17, 19, 20, 22,
24, 25, 26, 27, 28, 29, 39, 41, 42, 44, 48, 49,
51, 61, 62, 64, 65, 66, 67, 68, 71, 72, 75, 76,
77, 78, 79, 90, 92, 93, 94, 95, 97, 98, 101, 102,
103, 104, 105, l06, 110, 111, 112, 115, 116, 117,
i18, 119, 120, 122, 124, 129, 131, 134, 135, 136,
138, 139, 142, 148, 149, 150, 151, 153, 154, 155,
156, 157, 163, 164, 166, 167, 168, 177.

12, 17, 32, 90, 91, 97, 99, 100, 102, 108, 121,
130, 158, 165, 172, 173.

45, 47, 125, 127, 136, 175.

1, 38, 46, 73, 108, 114, 126, 161.

Table 5. Detection (Precolumn reactions)

Detector

Item number in Tables 1 and 2

UV-Vis absorption

Fluorescence

Radioactive
labeling

34, 35, 36, 52, 54, 55, 56, 58, 80, 81, 83, 132,
141, 144, 146, 171.

53, 57, 59, 60, 128, 133, 137, 140, 145, 147.

21.
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Table 6. Detection (Postcolumn reactions)

Detector Item number in Tables 1 and 2

Uv-Vis absorption| 6, 10, 21, 23, 30, 31, 33, 40, 50, 63, 85, 89,
96, 107, 152, 176.

Fluorescence 2, 4, 5, 18, 37, 82, 87, 88, 113, 169, 170

Miscellaneous 3, 43, 69, 70, 74, 86, 123, 159, 160, 162.

sensitive to column effluent temperature changes and to mobile phase
composition. For the former, a thermostatic control is essential for
operation at the most sensitive range of the detector. In the case of
RI detection of various saccharides, gradient elution is impossible
[102]. Particular applications of refractive index monitoring of
mono- and oligosaccharides in various sampies are presented in Tables
1 and 2 and summarized in Table 4.

a.2 Ultra-violet absorption (UV)

Historically, UV absorption detectors played an important role in
the development of HPLC. Although the UV detector is not universal,
it is used in HPLC systems because it is relatively insensitive to
changes in the eluting solvent when this solvent is a non-ultraviolet
absorber. This detector does not need strict temperature control.
Direct ultra-violet monitoring dis not widely applicable for
saccharides due to their low absorptivity in this wavelengths region.

In recent years important developments of the ultra-violet
detector enabled improved detection of saccharides at Tow wavelengths

(near 190-200 nm) since most saccharides have their ultra-violet
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absorption maxima below 200 nm. Tables 1, 2 and 4 show the applica-
tion of the ultra-violet absorption for monitoring, without derivati-
zation, of various saccharides separated by HPLC methods.

a.3 Mass spectrometry

The main advantage of using a mass spectrometer as an HPLC
detector is that it is possible to obtain a spectral identification of
a specific compound. The coupling of HPLC and MS is difficult. One
of the interfaces between HPLC and MS is the thermospray. The
principles of thermospray ionization and its use in LC/MS have been
described by Blakley and Vestal [164]. The application of fast-atom-
bombardment mass spectrometry for detection of malto-oligosaccharides
(d.p. 2 to 6), separated by HPLC, has been reported [161]. Recently
developed mass spectrometry detectors seem to be insensitive to
changes of column temperature and solvent composition. However, this
detector is not in wide use. Applications of mass-spectrometry for
detection of saccharides are presented in Tables 1 and 2 and
summarized in Table 4.

a.4 Miscellaneous

1. Electrochemical detection: This is another mode of monitoring
saccharides separated by HPLC [78]. This form of detection is
based on the electrochemical reaction of a solute in a cell
designed for minimal peak dispersion and maximum electrochemical
response. The electrochemical monitoring is possible when the
compound in the column effluent flow is electrochemically active
under the experimental conditions used and the mobile phase is
conducting.

2. Specific detection systems have been developed for determination
of saccharides in the HPLC column effluent: Conductivity,

Amperometry, Moving-wire flame jonization, Radioactivity monitor.
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Tables 1 and 2 present the application of the above mentioned

detection systems, which are compiled in Table 4.

Pre- and postcolumn reactions

Saccharides have no chromophores to permit their direct
photometric monitoring in ordinary ultraviclet and visible regions.
The lack of chromophores and fluorophores in saccharides has been
overcome by chemical derivatization (labeling) with strong ultra-
violet absorbing or fluorescing functional groups. Precolumn
derivatization reagents, on one hand, insert in the sugar to be
analyzed an absorbing (UV, visible) or fluorescing label and, on the
other hand, reduce the sugar polarity, thus allowing the use of the
more general reversed-phase columns. A great number of derivatization
methods have been developed [165, 166]. Tables 5 and 6 give a 1list of
pre- and postcolumn reactions used in the HPLC analysis of mono- and

oligosaccharides.

b. Precolumn reactions

Precolumn reactions have been carried out in order to improve the
HPLC separation and detectability of saccharides on certain column
packings (naked silica, chemically bonded alkyl-silica gels). Most of
the derivatives contain aromatic or heterocyclic substituents which
either absorb in the ultraviolet-visible region, fluoresce intensely
or require a different but specific detector (Tables 1, 2 and 5).

b.l1 Ultraviolet and visible absorption

Various saccharide derivatives were prepared by using UV-visible
absorbing reagents: p-nitrobenzoates [65]; O-benzyloximes [66];

2,4-dinitrophenyihydrazones [68,112]; coupling with specific UV
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absorbing reagents [103]; perbenzoylates of the prepared methyl
glycosides [115]; dansylhydrazones [116,118]; quinoxalines and
acetylated quinoxalines [121]; dabsylhydrazones [123]; benzoylation
[125]; substituted azobenzene [155]; 3-hydroxy-2-naphthoic hydrazide
[158].
b.2 Fluorescence

The following precolumn reactions of saccharides to form
fluorescing derivatives have been reported: with 2-aminopyridine [105,
110, 113, 117]; with naphthoyl chloride [110]; preparation of glyca-
mines labelled with NBD-F [122]; dansylhydrazones [124, 126];

dabsylhydrazones [124].

¢. Postcolumn reactions

Historic methods of postcolumn treatment of saccharides involved
color reactions with some chromogenic reagents in strong mineral
acids. In these cases the proposed mechanism is dehydration of the
saccharide molecules to formation eof furfural derivatives which
condense with chromogenic reagents (orcinol, anthrone) to give colored
compounds having absorption maxima at 420 nm {[167] and 640 nm [168]
respectively.

At present, automated instrumentation has been introduced for
performing postcolumn reactions: automatic injectors, double-plunger
reagent pumps, photometric or fluorometric detector and temperature-
regulated columns [169]. Postcolumn reaction detectors have
contributed successfully to the HPLC analysis of saccharides since
these detectors have, in many cases, demonstrated high selectivity and
sensitivity. The applications of postcolumn reactions with HPLC

separated mono- and oligosaccharides to give products which absorb in
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the UV and visible regions or which fluoresce, are presented in Tables
1 and 2 and compiled in Table 6.

c.l Ultraviolet and Visible absorption

Reagents for postcolumn reaction with saccharides which absorb in
the UV-VIS range are as follows:

Ultraviolet region: 2-cyanoacetamide [23, 49, 58, 59];
cuprammonium reagent [61, 131, 162],

Visible region: p-aminobenzoic acid hydrazide {35]; orcinol
[49]; tetrazolium blue [51, 81, 98],
c.2 Fluorescence

Compounds containing aromatic ring or multiple conjugated double
bonds have fluorescence spectra in the visible or ultraviolet regions.
Electron donating groups as -OH, —OCH3 and -NH2 enhance fluorescence.
Compounds which are nonfluorescent can be converted into fluorescent
derivatives by postcolumn coupling with fluorogenic reagents. The

main advantages of fluorescence monitoring are marked specificity,

high sensitivity and stability to thermal change. Fluorescence
labeling is possible with gradient elution. However, the solvents
used must be transparent, both to the exciting ultraviolet and the
fluorescence wavelength.

The fluorogenic reagents used for postcolumn reactions with
saccharides are as follows: monoethanolamine-boric acid [19, 22];
taurine-sodium methaperiodate [21]; 2-aminopyridine under reductive
conditions [113, 152, 153]; arginine-boric acid [156]; photoreduction
of anthraquinone derivative by the saccharide and measurement the
change in the fluorescence [77]; 2-cyanocacetamide [46].
¢.3 Miscellaneous

The requirements for more specific and sensitive monitoring of

HPLC separated saccharides brought the development of new detection
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systems: Amperometry [20]; Indirect amperometry [89, 140]); Electro-
chemical [139] and Indirect potentiometry [144].

F. APPLICATIONS

The greater use of HPLC relative to gas chromatography is more
pronounced in the case of food, clinical - biochemical and biclogical
applications. In the case of biochemical applications, which require
greater sensitivity of the detectors, the increasing use of pre- and
postcolumn derivatization techniques coupled with ultraviolet or
fluorescence detection enables us to obtain satisfactory results.
Recent advances in the HPLC analysis of oligosaccharides have made
it possible to study the structure of complex biological compounds,
such as glycoproteins, glycosaminoglycans, cyclodextrins and
lipopolysaccharides. The oligosaccharide chains of these biological
systems have been analyzed by HPLC following enzymatic or chemical
treatment.

For foodstuff, the wuse of HPLC 1is favoured over gas
chromatography since saccharides in foods are generally present in
adequate concentrations to be monitored by the 1less sensitive
detectors of HPLC. The application of HPLC techniques, including the
detection systems, to the analysis of monb- and oligosaccharides is
very common in the food and beverage industry.

A great number of articles on the HPLC analysis of the sacchar-
ides in hydrolyzates of pulp (paper), woods as well as in different
types of plant-tissue, seeds, worts and beets have been recently

published.
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Table 7. Applications (Biological, Biochemical, Biomedical,
Pharmaceutical)

Item number in Tables 1 and 2

1, 11, 13, 20, 21, 22, 24, 30, 32, 33, 34, 36, 37, 43, 50, 53, 54,
55, 57, 58, 60, 69, 70, 75, 80, 81, 85, 90, 91, 98, 100, 103, 104,
107, 108, 113, 118, 123, 128, 130, 133, 134, 140, 144, 146, 147,
152, 158, 159, 160, 163, 165, 166, 169, 171, 172, 173, 176.

Table 8. Applications (Food, Beverages)

Item number in Tables 1 and 2

6, 9, 15, 18, 23, 27, 35, 37, 43, 45, 48, 49, 58, 60, 63, 66, 67,
69, 72, 73, 76, 77, 78, 83, 84, 89, 93, 95, 105, 109, 110, 113,
115, 117, 119, 125, 129, 131, 147, 155, 156, 159, 161, 164, 167,
174, 177.

Table 9. Applications (Wood, Pulp, Plants, Seeds, Worts, Beets)

Item number in Tables 1 and 2

5, 8, 10, 12, 14, 17, 25, 27, 28, 29, 44, 51, 64, 65, 71, 79, 88,
93, 97, 102, 105, 106, 124, 135, 136, 137, 139, 143, 148, 149, 153,

154, 168.
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Table 10. Applications (Miscellaneous)

Item number in Tables 1 and 2

2, 3, 4, 7, 16, 19, 26, 31, 38, 39, 40, 42, 46, 47, 52, 56, 59, 61,
62, 68, 74, 82, 86, 87, 91, 101, 111, 112, 114, 116, 120, 121, 122,
126, 127, 132, 138, 141, 145, 150, 151, 157, 162, 175.

The HPLC separation efforts cited in the present review are
classified, according to the following application fields: biological,
biochemical, biomedical, pharmaceutical (Table 7), food, beverages
(Table 8), pulp, cellulosic, lignocellulosic materials, plant-tissue,

seeds, worts, beets (Table 9) and other applications (Table 10).

e e g ke ok e

REFERENCES
1. Martin, A.J.P. and Synge, R.L.M., Biochem. J., 35, 1358 (1941).
2. Reich, W.C., C.R. Hebd. Seances Acad. Sci., 208, 589 (1939).
3. Dedonder, R., Bull. Soc. Chim. Biol., 34, 144 (1952).

4. Whistler, R.L. and Durso, D.F., J. Am. Chem. Seoc., 72, 677
(1950).
5. Alm, R.S., Acta Chem. Scand., 6, 1186 (1952).

6. Folkes, D.J. and Taylor, P.W. in "HPLC 1in Food Analysis",
R. Macrae (Editor), Academic Press, London, p.150 (1982).

7. Llaker, M.F., J. Chromatogr., 184, 457 (1980).

8. Heyraud, A. and Rinaudo, M., J. Lig. Chromatogr., Vol. 4, Suppl.
2, 175 (1981).



10:11 25 January 2011

Downl oaded At:

1104

10.
11.

12.
13.
14.
15.

16.
17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.
28.
29.
30.

BEN-BASSAT AND GRUSHKA
Schaffer, K.J. and Morel du Boil, P.G., Sugar Technol. Rev., 11,
95 (1984).
Ross, M.S.F., J. Chromatogr., 141, 107 (1977).

Verhaar, L.A.Th. and Kuster, B.F.M., J. Chromatogr., 220, 313
(1981).

Sususmu, H., Anal. Biochem., 140, 1 (1984).
Robards, K. and Whitelaw, M., J. Chromatogr., 373, 81 (1986).

Abbott, S.R., J. Chromatogr. Sci., 18, 540 (1980).

Leonard, J.L., Guyon, F. and Fabiani, P., Chromatographia, 18,
600 (1984).

Khym, J.X. and Zi11, L.P., J. Am. Chem. Soc., 74, 2090 (1952).

Oshima, R., Takai, N. and Kumanotani, J., J. Chromatogr., 192,
452 (1980).

Watanabe, N., Toda, G., Ikeda, Y., Bunseki Kagaku, 33 (7), E241
(1984).

Hamada, R. and Ono, A., Soil Sci. Plant Nutr., 30 (2), 145
(1984).

Honda, S., Enami, K., Konishi, T., Suzuki, Sh. and Kakehi, K.,
J. Chromatogr., 361, 321 (1986).

Kato, T. and Kinoshita, T., Bunseki Kagaku, 35, 869 (1986).

Villanueva, V.R., LeGoff, M.Th., Mardon, M. and Moncelon, F.,
J. Chromatogr., 393, 115 (1987).

Ohtsuki, K., Kawabata, M. and Taguchi, K., Kyoto-furitsu Daigaku
Gakujutsu Hokoku, Rigaku, Seikatsu Kagaku, 37, 31 (1986).

Konami, Yukike, VYamamoto, Kazuo, Tsuji Tsutomu and Osawa
Toshiaki, Biol. Chem. Hoppe-Seyler, 368, 309 (1987).

Hounsell, E.F., Jones, N.J. and Stoll, M.S., Biochem. Soc.
Transactions, 13 (6), 1061 (1985).

Sugii, A., Harada, K. and Tomita, Y., J. Chromatogr., 366, 412
(1986).

Applezweig, N., Ann. N.Y. Ac. Sci., XLIX, 295 (1948).

Goulding, R.W., J. Chromatogr., 103, 229 (1975).

Scobell, H.D. and Brobst, K.M., J. Chromatogr., 212, 51 (1981).
McBee, G., Maness, N., J. Chromatogr., 264, 474 (1983).




10:11 25 January 2011

Downl oaded At:

MONO- AND OLIGOSACCHARIDES 1105

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.
41.
42.
43,

44,

45,
46.

47.

48.

49.
50.

Verhaar, L.A.Th., Kuster, B.F.M., J. Chromatogr., 210, 279
(1981).

Clarke, M.A. and Tsang, W.S.C., Int. Sugar J., 86 (1028), 215
(1984).

Melton, L.D. and Laas, A.M., New Zealand J. of Technology, 1,
191 (1985).

Stanisiav, 0., Basarova, G., Loukova, H., Kvasny Prum., 30 (5),
98 (1984).

Vratny, P., Brinkman, U.A.Th., Frei, R.W., Anal. Chem., 57, 224
(1985).

Oefner, P., Bonn, G. and Bartsch, G., J. Liq. Chromatogr., 8
(6), 1009 (1985).

Timpa, J.D. and Burke, J.J., J. Agric. Food Chem., 34 (5), 910
(1986).

Ross, L.F. and Chapital, D.C., J. Chromatogr. Sci., 25 (3), 112
(1987).

Thente, K., Dev. Food Sci., 5A (Prog. Cereal Chem. Technol.),
477 (1983).

Goetz, H., Tec. Lab., 9 (123}, 236 (1985).
Murata, K. and Yokoyama, Y., Anal. Biochem., 146, 327 (1985).
Murata, K. and Yokoyama, Y., J. Chromatogr., 374, 37 (1986).

Pecina, R., Bonn, G., Burtscher, E. and Bobleter, O.,
J. Chromatogr., 287, 245 (1984).

Parisino, J.F. in Lawrence, J.F. (Editor), "Food Constituents
and Food Residues", Marcel Dekker, N.Y., Basle, 1984.

Rajakyla, E., Paloposki, M., J. Chromatogr., 282, 595 (1983).

Schiabach, T7.D. and Robinson, J., J. Chromatogr., 282, 169
(1983).

Stikkelman, R.M., Tjioe, T.T., Van der Wiel, J.P. and Van
Rantwijk, F., J. Chromatogr., 322, 220 (1985).

Slavin, J.L.and Marlett, J.A., J. Agric. Food Chem., 31 (3), 468
(1983).

Lohmander, L.S., Anal. Biochem., 154, 75 (1986).

Sutherland, I.W. and Kennedy, A.F.D., Appl. Environ. Microbiol.,
52 (4), 948 (1986).



10:11 25 January 2011

Downl oaded At:

1106

51.

52.

53.

54.

55.

56.
57.

58.
59.

60.
61.

62.

63.
64.

65.
66.

67.

68.

69.

70.

BEN-BASSAT AND GRUSHKA

Franta,

B.D., Mattick, L.R. and Sherbon, J.W., Am. J. Enol.
vitic., 37 (

4), 269 (1986).

Voragen, A.G.J., Schols, H.A., Searle-Van Leeuwen, M.F.,
Beldman, G. and Rombouts, F.M., J. Chromatogr., 370, 113
(1986).

Lenherr, A. and Marby, T7.J., J. Chromatogr., 388, 455 (1987).

Makkee, M., Kieboom, A.P.G. and Von Bekkum, H., Int. Sugar J.,
87, (1035), 55; (1036), 63 (1985).

Richmond, M.L., Harte, B.R., Gray, J.I. and Stine, C.M.,
J. Dairy Sci., 70, 1140 (1987).

Bonn, G., J. Chromatogr., 322, 411 (1985).

Bonn, G., Pecina, R., Burtscher, E., Bobleter, 0., J. Chroma-
togr., 287 (1), 215 (1984).

Honda, S. and Suzuki, S., Anal. Biochem., 142, 167 (1984).

Honda, S. and Suzuki, S§. and Kakehi, K., J. Chromatogr., 291,
317 (1984).

Owens, J.A. and Robinson, J.5., J. Chromatogr., 338, 303 (1985).

Grimble, G.K., Barker, H.M. and Taylor, R.H., Anal. Biochem.,
128, 422 (1983).

Hounsell, E.F., Rideout, J.M., Pickering, N.J. and Lim, C.K.,
J. Chromatogr., 7 (4), 661 (1984).

Mopper, K. and Johnson, L., J. Chromatogr., 256, 27 (1983).

Chen, C.C., and McGinnis, G.D., Carbohydr. Res., 122, 322
(1983).

Petchey, M. and Crabbe, M.J., J. Chromatogr., 307, 180 (1984).

Den Drijver, L. and Holzapfel, C.W., J. Chromatogr., 363, 345
(1986) .

Kallin, E., Lonn, H. and Norberg, T., Glycoconjugate, 3, 311
(1986).

Karamanos, N.K., Tsegenidis, T. and Antonopoulos, C.A.,
J. Chromatogr., 405, 221 (1987).

Kvasnicka, F., Copikova, J. and Prasil, T., Potravin Vedy, 3,
255 (1985).

Palmer, U., Anal. Letters, 8, 215 (1975).



10:11 25 January 2011

Downl oaded At:

MONO- AND OLIGOSACCHARIDES 1107

71.

72.
73.

74.

75.

76.

77.

78.

79.
80.

81.

82.

83.

84.

85.

86.

87.

88.

89.
90.

Hendrix, D.L., Lee, Jr.R.E., Baust, J.G. and James, H.,
J. Chromatogr., 210, 45 (1981).

Brons, C., Olieman, C., J. Chromatogr., 259, 79 (1983).

Shaw, P.E. and Wilson, C.W., J. Chromatogr. Sci., 20, 209
(1982).

Yost, R.W., Ettre, L.S. and Conlon, R.D. "Practical Liquid
Chromatography--An Introduction", Perkin-Elmer, Norwalk, CT,
p.79, 1980.

Nikolov, Z.L., Meagher, M.M. and Reilly, P.J., J. Chromatogr.,
319, 51 (1985).

Nikolov, Z.L., Meagher, M.M. and Reilly, P.J., J. Chromatogr.,
321, 393 (1985).

Gandelman, M.S., Birks, J.W., Brinkman, U.A.Th. and Frei, R.W.,
J. Chromatogr., 282, 193 (1983).

Buchberger, W., Winsauer, K. and Breitwieser, C., Fresenius Z.
Anal. Chem., 315, 518 (1983).

Ruggeri, P. and Fonseca, G., Latte, 10, 1050, 1052-3 (1985).

Moriyasu, M., Kato, A., Okada, M. and Hashimoto, Y., Anal.
Lett., 17 (A8), 689 (1984),

Escott, R.E.A. and Taylor, A.F., J. High Resolut. Chromatogr.,
Chromatogr. Commun., 8 (6), 290 (1985).

Porsch, B., J. Chromatogr., 320 (2), 408 (1985).

Jeon, I.J. and Mantha, V.R., J. Dairy Sci., 68 (3), 581 (1985).
Azzi, A. and Niola, I., Ind. Aliment., 26 (6), 550 (1987).
Hagiwara, K., Isuda, A., Ichikawa, T., Kanaya, K., Yoneyama, S.,
??ggé).H. and Iwao, H., Shokuhin Eiseigaku Zasshi, 24, 558

Vidal-Valverde, C., Martin-Villa, C., Olmedilla, B. and Blanco,
I., J. Liq. Chromatogr., 8, 75 (1985).

Blanken, W.M., Bergh, M.L.E., Koppen, P.L. and Van den Eijnden,
D.H., Anal. Biochem., 145, 322 (1985).

Koizumi, K., Utamura, T. and Okada, Y., J. Chromatogr., 321, 145
(1985).

Watanabe, N., J. Chromatogr., 330, 333 (1985).

Gray, A., North, N.C. and Wright, A.N., Coton Fibres Trop.
(Fr. Ed.), 40, 105 (1985).



10:11 25 January 2011

Downl oaded At:

1108

91.

92.

93.

94,

95.

96.

97.
98.

99.

100.

101.
102.

103.

104.

105.

106.

107.

108.

109.

BEN-BASSAT AND GRUSHKA

Trugo, L.C., and Macrae, R., Colloq. Sci. Int. Cafe, [C.R.],
11th, 245 (1985},

Veening, H., Tock, P.P.H., Kraak, J.C. and Poppe, H., J. Chroma-
togr., 352, 345 (1986).

Hsu, Fong, Fu, Edmonds, Ch.G. and McCloskey, J.A., Anal. Lett.,
19 (11-12), 1259 (1986).

Shinomiya, K. Koshiishi, I., Imanari, T., Takeda, M., Maeda, M.
and Tsuji, A., Chem. Pharm. Bull. 34 (11), 4887 (1986).

6, 559

Tusseau, D. and Benoit, C., Sciences des Aliments,
(1986).

, Nordquist, R.E. and Wilkinson,
(1987).

Bianco, L., Marucchi, M., Ind. Bevande, 16, 1 (1987}.

Gherezghiher, T., Koss, M.C.
Ch.P., J. Chromatogr., 413, 9

Kikuchi Jun, Nakamura Kiyoshi, Nakata Okitsugu and Morikawa
Yoshihiro, J. Chromatogr., 403, 319 (1987).

Boumahraz M., Davidov, V.Y. and Kiselev, A.V., Chromatographia,
15, 751 (1982).

Lochmuller, C.H. and Hill, Jr.W.B., J. Chromatogr., 264, 215
(1983).

Aitzetmuller, K., Chromatographia, 13, 432 (1980).

Yang, M.T., Milligan, L.P. and Mathison, G.W., J. Chromatogr.,
209, 316 (1981).

Wang, W.T., LeDonne, N.C., Ackerman, Jr.B., Sweeley, C.C., Anal.
Biochem., ‘141, 366 (1984).

Greenfield, P.F. and Geronimos, G., Int. Sugar J., 87, 10
(1985).

Tang, P.W. and Williams, J.M., Carbohydrate Res., 136, 259
(1985).

Asakawa, M., Kaseigaku Zasshi, 36, 293 (1985).

Majors, R.E., in "Practical Operation of Bonded-Phase Columns in
High Performance Liquid Chromatography”, High Performance Liquid
Chromatography, ed. by Csaba Horvatch, vol. 1, p. 75 (1980).

Verhaar, A.Th., Kuster, B.F.M., Claessens, H.A., J. Chromatogr.,
284, 1 (1984).

Rajakyla, E., J. Chromatogr., 353, 1 (1986).



10:11 25 January 2011

Downl oaded At:

MONO- AND OLIGOSACCHARIDES 1109

110.

111.
112.

113.

114.

115.
116.
117.

118.

119.

120.
121.

122.

123.
124,

125.
126.

127.

128.

129.

130.

Reinhold, V.N., Coles, E. and Carr, S.A., J. Carbohydr. Chem.,
2, 1 (1983).

Cheetham, N.W.H. and Teng, G., J. Chromatogr., 336, 161 (1984).

Matisova, M., Gasparovicova, E., Koudelka, L. and Singliar, M.,
Chem. Prum., 34 (10), 543 (1984).

Takemoto, H., Hase, S. and lkenaka, T., Anal. Biochem., 145, 245
(1985).

Kennedy, I.R, Mwandemele, 0.D. and McWhirter, K.S., Food Chemi-
stry, 17, 85 (1985).

Jentoft, N., Anal. Biochem., 148, 424 (1985).

Eggert, F.M. and Jones, M., J. Chromatogr., 333, 123 (1985).

Ishii, 1., Takahashi, N., Kato, S., Akamatsu, N. and Kawazoe,
Y., J. Chromatogr., 345, 134 (1985).

Senior, W., Chevolot, L. and Courtot, P., J. Rech. Oceanogr., 10
(3}, 105 (1985).

McGinnis, G.D., Prince, Sh., Lowrimore, J., J. Carbohydr. Chenm.,
5, 83 (1986).

Wight, A.W. and Datel, J.M., Food Chem., 21, 167 (1986).
2, 281

Takagi, M., Daido, Y. and Morita, N., Anal. Sciences,
(1986).

Shinomiya, K., Toyoda, H., Akanoshi, A., Ochiai, H. and Imanari,
T., J. Chromatogr., 387, 481 (1987).

Lin, Jen Kun and Wu, Shan Shou, Anal. Chem., 59, 1320 (1987).

Muramoto, K., Goto, R. and Kamiya, H., Anal. Biochem., 162, 435
(1987).

Daniel, P.F., Methods in Enzymoiogy, 138, 94 (1987).

Mentasti, E., Gennaro, M.C., Sarzanini, C. and Porta, V., Ann.
Chim. (Rome), 77, 579 (1987).

Brooks, J.R. and Griffin, V.K., Cereal Chem., 64 (4), 253
(1987).

Malmberg, A. and Theander, 0., Swed. J. Agric. Res., 17, 3
(1987).

Van Riel, J.A.M. and Olieman, C., J. Chromatogr., 362, 235
(1986).

Verzele, M. and Van Damme, F., J. Chromatogr., 362, 23 (1986).



10:11 25 January 2011

Downl oaded At:

1110

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.
141.
142.

143.
144,

145.
146.

147.
148.
149.

150.

BEN-BASSAT AND GRUSHKA

Abbou, M. and Siouffi, A.M., J. Lig. Chromatogr., 10, 95 (1987).
Gil de 1a Pena, M.L., Garrido Cintado, D., Garcia Moruno, E. and
%§g£;?o Marquez, J., Cerveza Malta, 20 (78), 20-22, 27-28

Gil de la Pena, M.L., Garcia Moruno, E., Garrido Cintado, D. and
Garrido Marquez, J., Cerveza Malta, 21 (2), 11 (1984).

Severson, D.W. and Erickson, Jr.E.H., J. of Apicuitural Res.,
22, 158 (1983).

Grossi, M., Micco, C., Chirico, M. and Arnoldi, C., Riv. Soc.
Ital. Sci. Aliment, 14 (6), 429 (1985).

Guyon, F., Foucault, A., Caude, M. and Rosset, R., Carbohydrate
Res., 140 (1), 135 (1985).

John, M. and Dellweg, H., in Perry, E.S. and Van Oss, C.J.
(Editors), "Separation and Purification Methods", vol. 2, Marcel
Dekker, N.Y., p.476 (1973).

Rice, K.G., Kim, Y.S., Grant, A.C., Merchant, Z.M. and Linhardt,
R.J., Anal. Biochem., 150, 325 (1985).

Honda, S., Konishi, T. and Suzuki, S., J. Chromatogr., 299, 245
(1984).

Watanabe, N. and Inoue, M., Anal. Chem., 55, 1016 (1983).
Patrick, D.W. and Kracht, W.R., J. Chromatogr., 318, 269 (1985).

Belleau, G., Dadic, M., J. Am. Soc. Brew. Chem., 43 (1), 47
(1985).

Okada, T. and Kuwamoto, T., Anal. Chem., 58, 1375 (1986).

Alexander, P.W., Haddad, P.R. and Trojanowicz, M., Anal. lLett.,
18 (A16), 1953 (1985%)

Delahunty, T. and Hollander, D., Clin. Chem., 32, 1542 (1986).

Bettenfe®d, M.L., Voilley, A., Sciences des Aliments, 3 (3), 439
(1983).

Nebinger, P., J. Chromatogr., 320, 351 (1985).
Kwak, H.S. and Jeon, 1.J., J. Dairy Sci., &9, 2785 (1986).

Cirilli, G., Cirilli, C.S.A., Pulga, C. and Zaghini, L., Ind.
Aliment (Pinerolo, Italy), 25 (1), 35 (1986).

U, Z.K., Kang, S.S., Koh, J.E., Kim, Y.S., Nonmunjip-Cheju
Taehak, 21, 33 (1985).



10:11 25 January 2011

Downl oaded At:

MONO- AND OLIGOSACCHARIDES 1111

151.

152.

153.
154,
155.

156.
157.

158.

159.

160.

161.

162.

163.

164.
165.

166.

167.

168.

169.

Fox, D.J., Gray, P.P., Dunn, N.W. and Marsden, W.L., J. Chem.
Tech. Biotechnol., 34 B, 171 (1984).

Hase, S., Ibuki, T. and Ikenaka, T., J. Biochem. (Tokyo), 95,
197 (1984).

Omichi, K. and Ikenaka, T., J. Chromatogr., 336, 368 (1984).
Galensa, R. and Ruhl, I., Pharmazie, 40, 805 (1985).

Rosenfelder, G., Morgelin, M., Chang, J.Y., Schonenberger, C.A.,
Braun, D.G. and Towbin, H., Anal. Biochem., 147, 156 (1985).

Mikami, H. and Ishida, Y., Shimadzu Hyoron, 40 (4), 63 (1983).

Gurr, E., Palasch, G., Tunn, S., Tamm, C. and Delbruck, A.,
J. Clin. Chem. Clinical Biochem., 23, 77 (1985).

Xie, G., Zheng, P., Han, L. and He, Y., Fenxi Huaxue, 14 (2),
134 (1986).

Goso-Kato, K., Iwase, H., Ishihara, K. and Hotta, K., J. Chrom-
atogr., 380, 374 (1986).

Smith, J.S., Villalobos, M.C. and Kottemann, Ch.M., J. of Food
Science, 51 (5), 1373 (1986).

Ito; Y., Takeuchi, T., Ishii, D., Goto, M., Mizuno, T.,
J. Chromatogr., 391, 296 (1987).

McKay, D.B., Tanner, G.P., Maclean, D.J. and Scott, K.J., Anal.
Biochem., 165, 392 (1987).

Smit, L.E. and Nel, M.M., S.Afr. Tydskr. Suiwelkd., 19 (2), 62
(1987).

Blakley, C.R. and Vestal, M.L., Anal. Chem., 55, 750 (1983).

Knapp, D.R., "Handbook of Analytical Derivatization Reactions",
Wiley, N.Y., 1979.

Frei, R.W. and Lawrence, J.E., Eds., "Chemical Derivatization in
Analytical Chemistry", veol. 1, Chromatography, Plenum, N.Y.,
1981, Chapter 3, p. 211.

Simatupang, M.H., J. Chromatogr., 180, 177 (1979).

Krammer, K.J., Speirs, R.D. and Childs, C.N., Anal. Biochem.,
86, 692 (1978).

Post-Column Reaction System Technical Literature, Kratos
Analytical Instruments, Inc., Westwood, N.J. 1981-82.



