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Abstract

An improved method has been developed to identify and quantify honey disaccharides and trisaccharides by gas chromatography and mass
spectrometry. The procedure, based on mass spectral and retention data (“retention time windows”) determined on two capillary columns
with different stationary phases allowed the identification and quantitation in honey of 16 disaccharides and 9 trisaccharides, some of which
were not previously identified by GC. The reliability of the analytical results was considerably improved by the use of this procedure: several
unidentified disaccharides and trisaccharides were detected, and their presence was taken into account in the quantification.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction main problems arise from the lack of commercial standards,
the coelution of compounds (even when using long, polar
The resolution of GC capillary columns affords chromato- columns), the similar MS fragmentation pattern obtained for
graphic profiles which contain qualitative and quantitative mostisomers and the interference of other matrix compounds
information useful for characterization purposes, but the an- eluting along with saccharides.
alytical study of oligosaccharides in complex mixtures, such ~ TMS oximes and TMS ethers are probably the most popu-
as honey, presents difficult problems. Honey is made up of lar derivatives for GC analysis of carbohydrates. Since TMS
about 70% monosaccharides (glucose and fructose) and 10%thers give a different derivative for each anomeric form
oligosaccharides. These minor constituents are composedgresent in a solution, and up to five derivatives may be ex-
of several units (from two to six) of glucose and fructose pected for every hexogé3], TMS sugar GC profiles can be
with the glycosidic bond in different positions and configu- very complex. Oximation of the free carbonyl groups prior to
rations. Siddiquj1] characterized up to 14 disaccharides and silylation suppresses the anomeric centre, and only two forms
11 trisaccharides in honey, and a critical review by Doner (EandZ) are obtained for every reducing su§a3—15] Dis-
[2] indicates satisfactory evidence for about 10—13 disaccha-accharides having glucose, galactose or mannose as their re-
rides and 8-9 trisaccharides. The number of sugars identifiedducing moiety produce two well-resolved peaks, whose ratio
or quantified by high-resolution chromatographic methods varies between 3:1 and 10f15]. Funcke and von Sonntag
(sometimes coupled with MS) is presently loi@r12]. The [16] found for aldohexoses that the major peak corresponds
to theE (syn) isomer, while the minor peak is tAdanti) iso-
* Corresponding author. Fax: +34 91 564 4853. mer. Disaccharides having fructose as the reducing moiety
E-mail addressiqgomc16@igog.csic.es (I. Manez-Castro). give two peaks with an approximate 1:1 area rtié,16]
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Non-reducing saccharides (sucrose, trehaloses, melezitoseAldrich Chem. Co. (Milwaukee, WI); and sophorose (2-

erlose and raffinose) produce only a peak corresponding toO-B-p-glucopyranosyb-glucose) was from Sarsyrithe

the octakis-TMS derivativil4,15] (Merignac, France). Trehalulosex-glucopyranosyl (1-1)
Compound coelution frequently results in peak broad- fructose) was a gift from Dr. W. Wach ofi8zucker AG,

ening, but it can go undetected if both compounds presentMannheim.

the same retention. Chromatographic information can be en-

hanced by an alteration of sample characteristics; a double2.2. Samples

derivatization procedure has been employed to obtain two

different chromatographic profiles (TMS oximes and TMS Six artisanal honey samples were acquired directly from

ethers) from the same sample and to confirm peak assign-beekeepers of different regions of Spain. Two commercial

ments from their differences or to detect possible coelutions nectar honeys and two commercial honeydew honeys were

[17]; nevertheless, this method did not resolve all the presentpurchased at local markets.

sugars.

Inthis work, we have followed a different approach, which 2.3. Sample preparation
is less demanding in sample preparation and uses two capil-

lary columns coated with different stationary phases. In this

The formation of oximes before trimethylsilylation limits

way, two different, and if possible complementary, chromato- the possible tautomers of reducing sugars to two fofns:
graphic profiles are obtained for each sample in order to im- (syn) andZ (anti). Samples were prepared by diluting 0.59g
prove the qualitative and quantitative data obtained and to of honey to 25 mL with 80% ethanol; 1 mL of the solution

help in component identification and in the detection of un-

was mixed with 1 mL of phenyg-p-glucoside (1 mg/mL)

known honey carbohydrates. The use of GC-MS made it and evaporated under vacuum. Sugar oximes were formed
possible to identify a disaccharide and two trisaccharides notusing 2.5% hydroxylamine chloride in pyridine and heated

previously identified by GC in honey.

2. Experimental
2.1. Standard substances

Analytical-standard cellobiose @-B-p-glucopyranosyl-
p-glucose), cellotriose {-B-p-glucopyranosyl (1-40-
B-p-glucopyranosyl (1-4p-glucose), erloseo-p-glucopy-
ranosyl (1-4)e-p-glucopyranosyl (1-2)B-p-fructose), B-
gentiobiose (89-B-p-glucopyranosyB-p-glucose), iso-
maltose (6©-a-p-glucopyranosyb-glucose), isomaltotri-
ose @-p-glucopyranosyl (1-6}-p-glucopyranosyl (1-6)-
glucose), 1-kestos@{p-fructofuranosyl (2-1)B-b-fructofu-
ranosyl (2-1)e-p-glucose), kojibiose (B-a-p-glucopyran-
osyl-p-glucose), laminaribiose (8-p-bp-glucopyranosyR-
p-glucose), maltose (O-a-p-glucopyranosyb-glucose),
maltotriose Q-a-p-glucopyranosyl (1-4P-a-p-glucopyr-
anosyl (1-4)p-glucose), melezitosexfp-glucopyranosyl (1-
3) B-p-fructosyl (2-1)e-p-glucose), nigerose (3-Q-p-
glucopyranosyb-glucose), panoseCta-p-glucopyranosyl
(1-6)-w-p-glucopyranosyl (1-4)-glucose), raffinos®-{-
p-galactopyranosyl (1-6)-bp-glucopyranosyl (1-2p-fruct-
ose), sucrose (B-a-p-glucopyranosyB-p-fructofurano-
side), were obtained from Sigma; leucrosed&-p-gluco-
pyranosylp-fructose), melibiose (®-a-p-galactopyrano-
syl-p-glucose), palatinose (6-a-p-glucopyranosyb-fruc-
tose), a,a-trehalose (1@-a-p-glucopyranosyk-p-gluco-
pyranoside), a,3-trehalose (19-a-p-glucopyranosyB-p-
glucopyranoside)B,B-trehalose (19-B-b-glucopyranosyl-
B-p-glucopyranoside), turanose (3-«-p-glucopyranosyl-
p-fructose) were obtained from Fluka (Madrid, Spain);
maltulose (49-a-p-glucopyranosyb-fructose) was from

to 75°C for 30 min. After reaction, samples were persilylated
using hexamethyldisilazane (HMDS) and trifluoroacetic acid
(TFA) at 45°C for 30 min[18] and centrifuged at 7000 g

for 5min at 5°C [19].

Reproducibility of retention time is the main requirement
for areliable characterization. A fitting procedure, using data
from two standard added compoundgsghenyl-glucoside
and dotriacontane) and from the erlose present in all honey
samples, which elute in different chromatographic zones, was
used to reduce retention time deviations.

2.4. GC analysis

Stationary phases were chosen from among those having
an operating temperature high enough to allow the elution of
TMS oximes of trisaccharides. Methyl silicone was chosen
as an apolar stationary phase that is very frequently used for
medium-high temperature woifk1,20,21] while phenyl-
methylsilicone (a medium-polarity phase) was selected, since
it presents different elution characteristics for disaccharides,
as shown in a preliminary studil5]. Column A was a
25mx 0.25mmi.d.x 0.1pm film thickness fused silica col-
umn coated with Rtx-65 TG (Crossbond 35% dimethyl-65%
diphenyl polysiloxane from Restek, Bellefonte, PA,
USA). Column B was a 30m 0.25mm i.d.x 0.25um
film thickness fused silica column, coated with SPB-1
(crosslinked methyl silicone from Supelco, Bellefonte, PA,
USA).

Analyses on column A were carried out in a Perkin-Elmer
Autosystem GC equipped with a flame ionisation detec-
tor (Perkin-Elmer, Norwalk, CT, USA). Injector and detec-
tor temperatures were 300 and 3Z1) respectively; oven
temperature was held at 170 for 10 min, programmed
to 215°C at a heating rate of I min~1, and then pro-
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grammed to 240C at 1°Cmin~! and finally programmed  been published. Some common aspects were observed in the
to 320°C at 5°Cmin~1 and held for 20 min. Analyses on above-listed trisaccharide standards: the ratio of intensities
column B were carried out in a Fisons chromatograph with Of fragmentsn/z 204/217 was close to 1 in raffinose, erlose
flame ionisation detector (HRGC Mega2 FISONS, Milan, and melezitose (trisaccharides with two glucose rings); aratio
Italy). The injector and detector temperature was 300 for this value«1 was observed in 1-kestose (trisaccharide
oven temperature was held at 2@for 20 min, programmed  With two fructose rings), while ratios close to 2 were found
to 270°C at a heating rate of 1% min—1, then programmed  in maltotriose and panose (reducing trisaccharides with three
to 290°C at 1°Cmin—! and finally programmed to 30@ glucose rings). Ratios of fragments 437/451 close to 1 were
at 15°C min~1 and held for 40 min. Chromatographic peaks found in trisaccharides (reducing and non-reducing) with a
were measured using a Chrom-Card 1.20 acquisition Systerntermina| fructose unit, as in raffinose, erlose and 1-kestose;
(CE Instruments, Milan, Italy). this ratio was smaller in melezitose, where the fructose ring,
GC-MS analyses were carried out using the same capillaryrelated to the ion atvz 437, is linked to two glucose rings.
columns, installed in a HP-5890 chromatograph with a MD
5971 quadrupole mass detector (both from Hewlett—Packard,3-2. Qualitative features of honey analysis
Palo Alto, CA, USA) working in EI mode at 70eV. He-
lium was used as carrier gas, and injections were made in Chromatograms of disaccharides from a typical nectar
the split mode, with a split flow of 40 mL/min. Acquisition honey on both columns appeaFigs. 1 and 2o,3-Trehalose
was done using HPChem Station software (Hewlett—Packard,and trehalulose were identified in all examined honey sam-
Palo Alto, CA, USA). ples by coincidence of their retention time and mass spectra
with those of pure standards. Both compounds were isolated
from honey by Siddiqujl]; o,3-trehalose was also reported
by HPLC[25] in Alsike honey and has recently been found in
honeys from Madrig26]. o,a-Trehalose appeared as a minor

TMS derivatives (oximes and ethers) of 18 disaccharide component, whileg,B-trehalose was not detected. Several

and 8 trisaccharide standards were injected in two columns ofP€2ks coeluted on both columns, but qualitative information
different polarity. Retention behaviour was different for both @S obtained from their retention indic&Z ratios and MS
columns, the difference being very marked for some com- ragmentation patterrid4,23]
pounds such as trehaloses. Retention indices of most stan- _F19S- 1 and Zlower profiles) show the chromatogram of
dards are given elsewhejfss). tr_@acchandes of honey eluteq on b.oth columns; the phenyl
Non-reducing disaccharides (sucrose and trehaloses) gavé&!icone column profile was richer in peaks. A number of
TMS derivatives which eluted before TMS oximes on col- unidentified compounds were found, some of which were
umn B (methyl silicone) due to their lower molecular weight. Proably compounds reported by Siddidd]. Two peaks
GC retention indices were 2733 for sucrose, 2844ofor- eluting near 1-kest_ose, with similar mass spectra (_espemally
trehalose, 2870 faz,B-trehalose and 2891 f@8-trehalose. the fragmentr/zratios 217/204 and 437/451) tentatlyely as-
Sucrose also eluted first on column A (phenylmethylsilicone), signed to 6-kestose and neokestose. Tfle TMS derlvatlves. of
but the elution of trehaloses was different (retention indices K€Stoses had a RT close to OV-17 (a 50% phenyl methyl sil-

were: 2515 for sucrose, 2618 far,a-trehalose, 2719 for i

icone stationary phase roughly comparable to the one used
«,B-trehalose and 2758 f@,B-trehalose) and some of them here)[27], which supports this hypothesis. Column A was
eluted in between TMS oximes. Disaccharides with a 1-6 lin

K considered to be better for trisaccharide analysis, since more
(palatinose, gentiobiose and isomaltose) eluted last on bothqompounds could be detepted and quantified, although cpelu-
columns and were easy to recognize, whereas the remainind'on of 1-kestose and raffinose was observed. Several trisac-
disaccharides eluted with variable overlapping. charides remained unidentified.

Most trisaccharide standards were resolved on both .
columns. Non-reducing compounds (erlose, melezitose and>-3: Quantitative features

1-kestose) eluted first, whereas isomaltotriose (with two 1-6 i ,
linkages) eluted last. Isomaltotriose did not elute at3D0 Several honey sugar profiles were compared in order to
on methyl silicone column (column B). select retention time intervals whose limits were free of chro-

matographic peaks for most honey samples. The selected
“retention time windows” appear in the chromatograms in
3.1. Mass fragmentation features Figs. 1 and 2Each window may include a peak from a single
compound or, when they cannot be integrated independently,
Although many saccharides produce similar mass spectra,several coeluting peaks. In the case of real honey samples,
by careful inspection, structural features such as linkage typewhere there are many oligosaccharides present for which
and ring size can be correctly assigned in many cases. Detailstandards are not available, these problems are greater, since
on the MS fragmentation of disaccharide TMS derivatives such compounds can produce major quantitative errors when
(TMS ethers[22,23] and TMS oximed24]) have already  they coelute with other sugars. A quantitation procedure that

3. Results and discussion
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Fig. 1. Disaccharides (upper GC profile) and trisaccharides (lower GC
profile) of a honey sample eluted using column A: @phenyl glu-
coside; (2) sucrose; (3-6) unknown; (@&)a-trehalose; (8) maltulose
(E); (9) cellobiose E) + maltulose Z); (10) cellobiose Z) +laminaribiose
(E)+leucrose 1; (11) turanose 1+leucrose 2+malto&d; ((12)
nigerose E) +turanose 2 + maltos&Z); (13) laminaribiose Z) + kojibiose

(E) +trehalulose 1+ unknown; (14) nigeros@) ¢ trehalulose 2 #,3-
trehalose; (15) kojibiose}; (16) palatinose 1; (17) unknown; (18) palatinose

2; (19) gentiobioseH); (20) gentiobiose4) + melibiose E); (21) isomaltose

(E); (22) melibiose Z); (23) isomaltoseZ); (24) unknown; (25) C32 (in-
ternal standard); (26) unknown; (27) raffinose + 1-kestose; (28) 6-kestose;
(29) neo-kestose; (30) erlose; (31) melezitose; (32—-35) unknown; (36) mal-
totriose €); (37) unknown; (38) maltotrioseZ]; (39—43) unknown; (44)
panose E); (45) panoseZ); (46) unknown; (47) isomaltotrios&); (47b)
isomaltotriose Z); (48, 49) unknown.
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Fig. 2. Disaccharides (upper GC profile) and trisaccharides (lower GC pro-
file) of a honey sample eluted using column B: (1) sucrose; (5, 6) un-
known; (7) a,a-trehalose + unknown; (8},3-trehalose; (9, 10) unknown;
(12) cellobiose E); (13) unknown; (14) cellobioseZj+laminaribiose

(E) + maltulose E); (15) maltulose Z); (16) nigerose K)+leucrose

1 +unknown; (17) turanose 1 +leucrose 2; (18) laminaribi@$e furanose

2 +maltose E); (19) kojibiose E); (20) maltose Z) +trehalulose 1; (21)
nigerose Z) + trehalulose 2; (22) unknown; (23) palatinose 1 + gentiobiose
(E); (24) kojibiose £); (25) palatinoseZ); (26) gentiobioseZ); (27) meli-
biose E); (28) isomaltoseK); (29) melibiose Z) + isomaltoseZ); (30, 31)
unknown; (32) C32 (internal standard); (33—-35) unknown; (36) raffinose;
(37) 1-kestose; (38) erlose; (39) melezitose; (40, 42) unknown; (43) mal-
totriose E); (44) maltotriose Z); (45) panoseK); (46) panoseZ).

were higher than calculated values due to the presence of
unknown compounds in real samples. Experimental and cal-

takes account of the possible presence of unidentified sugarculated values were closer when column B was used; never-

isomers was used to improve the quality of the quantitative
data obtained.

theless, quantitative results for trisaccharides seemed better
on column A.

Concentrations of disaccharides and trisaccharides were Mass ions corresponding to leucrose were not detected

calculated from the GC chromatographic profiles from

in the honeys by GC-MS analysis using either methyl or

columns A and B. Allowance has to be made for the possible methyl phenyl silicone columns, and so leucrose concen-
presence of unidentified compounds producing higher val- tration was assumed to be zero; the presence of this sugar
ues in a given column, and therefof@ple 1shows, foreach  in honey is doubtfu[2]. Concentration values for maltose,
carbohydrate, the lowest of the concentrations (mg/100 g of trehalulose and 1-kestose were determined from column
honey) obtained using columns A and B. Average differences B data, since these compounds overlapped in column A.
between these concentrations, also showrainle 1 can be 6-Kestose, neokestose and isomaltotriose were determined
used to estimate the concentration of unidentified compo- only on column A, since they were not detected on column
nents. B. Trehalulose was found to be a main disaccharide along
Table 2shows the total experimental and calculated values with maltulose, turanose, kojibiose, maltose and isomal-
obtained for total disaccharides and trisaccharides on bothtose, its concentration varying from 0.56 to 2.43g/100g.
columns for each honey. As expected, experimental valuesa,B-Trehalose was the more abundant isomer of this non-
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Table 1
Carbohydrate values (9/100 g of honey) found for 10 honey samples and the average differences between columns A and B
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 Average differences

Sucrose ®m9 004 008 029 008 004 138 024 019 048 0.06
a,a-Trehalose m4 011 000 000 003 005 000 032 005 000 0.06
a,B-Trehalose o4 033 048 057 027 022 017 065 048 025 0.12
Cellobiose 7 027 028 006 006 009 011 014 010 011 0.11
Laminaribiose a6 020 014 013 006 014 016 009 021 013 0.08
Maltulose 139 337 352 181 137 258 066 244 124 130 0.26
Nigerose 66 069 039 081 037 035 046 090 075 052 0.30
Turanose D4 261 226 241 128 201 072 287 175 162 0.32
Maltosé* 1.35 126 132 177 Q77 056 160 198 180 155 0.00
Kojibiose 146 154 219 153 082 100 086 209 161 120 0.34
Trehalulosé 0.90 243 239 097 056 155 065 137 065 122 0.00
Palatinose a7 045 062 022 012 032 012 028 012 020 0.07
Gentiobiose m5 —0.01 —0.01 001 000 —0.04 004 005 003 —0.03 0.06
Melibiose —0.01 —0.02 000 000 —0.01 000 —0.01 —0.04 000 —0.01 0.03
Isomaltose 03 259 307 098 071 162 064 160 082 120 0.27
Raffinose —0.06 -0.07 010 —0.04 —0.05 005 —0.06 073 —0.03 —0.05 0.08
1-Kestosé 0.14 021 048 007 018 019 016 020 008 019 0.00
6-Kestose 0.01 004 016 000 003 003 003 003 002 002 0.00
Neokestos? 0.02 005 013 001 005 004 005 004 002 003 0.00
Erlose 048 013 031 247 039 004 030 065 034 Q079 0.07
Melezitose 010 011 010 016 013 008 000 657 003 009 0.09
Maltotriose 003 000 000 002 000 003 000 003 002 000 0.08
Panose 20 000 000 000 000 024 000 027 011 020 0.12
Isomaltotrios@ 0.01 014 005 003 003 010 003 006 002 007 0.00

@ Calculated using only column B.
b Calculated using only column A.

Table 2
Experimental and calculated values (g/100 g of honey) for total disaccharides and trisaccharides in both columns (samples H1-H10)
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10
Column A
Experimental 11.87 19.77 25.70 17.22 8.46 13.88 .399 26.22 12.30 12.71
Calculated 10.89 17.20 22.76 15.41 7.85 12.50 .388 24.23 11.10 11.52
Column B
Experimental 12.79 20.82 19.46 16.79 8.42 12.55 .630 27.71 12.10 14.14
Calculated 12.21 19.54 18.57 15.98 7.93 12.22 .289 26.74 11.27 13.53

reducing disaccharidey,a-trehalose being either lower or and to obtain qualitative and quantitative data for compounds
not detectable in all cases. A high melezitose concentrationnot available as standards.

(6.57 mg/100 g honey) was observed in one honey sample

(H8), and erlose concentration was also high (2.47 mg/100 g)

in another sample (H4); both sugars are usually indicative Acknowledgments
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