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Abstract

High performance anion exchange chromatography
(HPAEC) work has established that theanderose, a glucosyl-
sucrose, was present in all cane sugar products screened at the
Sugar Milling Research Institute (SMRI). Several beet sugars
from various countries were also examined using this tech-
nique and no trace of theanderose was found. Raffinose is
often used as a criterion for the identification of beet sugar. It
is proposed that the presence of theanderose is a better indica-
tor for distinguishing cane from beet white sugars than is the
absence of raffinose. Screening for both these oligosacchar-
ides provides useful complementary information for indicat-
ing the authenticity of beet or cane sugar.

Keywords: Theanderose, raffinose, cane sugar identifica-
tion

Introduction

Cane and beet sugars differ in the types of impurities found
in the refined product. The presence of beet sugar or beet-
derived syrup is often based on the detection of raffinose.
Higher raffinose levels are associated with beets grown in
cooler climates, although considerable varietal and seasonal
differences are observed. Raffinose is also a common deterio-
ration product in stored beet. Tsang et al. (1991) used ion
chromatography to differentiate between beet and cane white
sugars by measuring the raffinose content. They could not
detect raffinose in any cane sugar or cane molasses samples.
Clarke et al. (1992) state that raffinose concentrations in the
range 300 to 1 200 mg/kg are indicative of beet sugars since
no cane sugar tested contained observable raffinose. The typi-
cal b-axis elongation observed in beet sugar crystals has been
attributed to the chemisorption of raffinose (Vaccari et al.,
1986).

The presence of raffinose in raw and refined cane sugars
was first reported by Gross et al. (1962) and it was later iso-
lated from cane molasses by Binkley (1964). Although the
raffinose contents of cane products are generally much lower
than the corresponding beet products, raffinose has been
measured in several cane products including sugars (Gross et
al., 1962; Binkley, 1964; Schiweck and Biisching, 1970;
Gross, 1970). Recently, concern has been expressed that
raffinose was incorrectly identified in some of these early
studies (Bichsel, 1990). Work carried out at the SMRI, using
seven different chromatographic systems [two thin layer (tlc),
three high performance liquid chromatography (hplc), two
gas chromatography (gc)], confirmed the presence of raffi-
nose in cane refinery molasses (Anon., 1991).

Oligosaccharide profiling has been used to check the au-
thenticity of food products (Swallow and Low, 1990; Swal-
low et al., 1991). However, such fingerprinting needs cau-
tious interpretation (White and Cancalon, 1992; Wudrich et
al., 1993; Cancalon, 1993; Swallow and Low, 1994; Low and
South, 1995), and generally needs augmenting with more so-
phisticated isotope or nuclear magnetic resonance (NMR)
techniques since the oligomer composition of a solution does
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not depend only on the botanical origin of the sugar. -Inver-
sion, by acid or invertase, gives rise to a family of oligosac-
charides (mainly kestoses) and the proportions of the differ-
ent sugars depend on reaction conditions and results from the
extent of reversion and hydrolysis (Bourzutschky and Mauch,
1969; Straathof et al., 1986; Manley-Harris and Richards,
1991; Cancalon, 1993).

Measurements of oligosaccharides in cane sugar have in-
cluded those reported by Tu (1968), Staker (1968), and Nurok
and Reardon (1975). The kestoses and nystose were the main
sugars reported. Tu (1968) found only one oligosaccharide in
cane juice, but isolated several from cane final molasses
(raffinose, 1-kestose, 6-kestose, planteose and nystose). He
extracted the oligosaccharides from sugar crystals and used
paper chromatography to show the presence of at least one
reducing trisaccharide. Staker (1968) used analytical carbon-
celite columns to measure oligosaccharides in most cane
products, including raw and refined sugars. The major com-
ponents in raw sugar were an unidentified oligosaccharide
(0/5-1, probably theanderose) and neo-kestose. Nurok and
Reardon (1975) used a two-phase enrichment procedure to
prepare TMS derivatives for gc separation on OV-17 and
found similar amounts of 1-kestose and 6-kestose in affinated
sugars. Theanderose elutes well after the internal standard
(melezitose), [Ryz (Raff) = 0,84; Ryz (Th) = 1,15 (Morel du
Boil, 1992)] and might not have been detected with their gc
programme.

More recently, high performance anion exchange chroma-
tography (on pellicular quaternary anionic stationary phases
with alkaline eluents) (HPAEC) coupled with sensitive
pulsed amperometric detection (PAD) has been the preferred
analytical procedure for sugars and oligosaccharides (Anon.,
1993(a), (b); Thielecke et al., 1989; Lee, 1990; Paskach et
al, 1991; Tsang et al., 1991). The major advantages include
the simplicity of sample preparation and the high detector
sensitivity which is particularly suitable for trace analysis.
This technique has been used in the SMRI laboratories for
some time (Morel du Boil and Schiffler, 1990; Morel du
Boil, 1991) and conditions have been optimised so that thean-
derose can be distinguished from 1-kestose with isocratic elu-
tion of the oligosaccharides found in cane materials (Anon.,
1994; Morel du Boil, 1995).

It has been shown that theanderose occurs in cane products
and is implicated in the c-axis elongation typical of cane
sugar crystals (Morel du Boil, 1992). The oligosaccharides in
sugar were measured using HPAEC/PAD. The results of the
survey are presented in this paper.

Experimental

The HPAEC methodology has been described previously
(Morel du Boil, 1995). In this study two different solvents
were used for isocratic elution of the oligosaccharides:

* Solvent A: 15 mM sodium acetate/100 mM sodium hy-
droxide (de-gassed with helium)
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* Solvent B: 10 mM sodium acetate/60 mM sodium hydrox-
ide (de-gassed with helium)

Sugar solutions (0,2%) were filtered (0,45 pm) and ali-
quots (20 ul) were injected for liquid chromatographic analy-
sis. Freeze drying was used to concentrate aliquots (200 ul) of
a sugar solution (25%) prior to derivatisation and gc analysis
using a splitless technique (Morel du Boil, 1995).

Results and discussion

Sugars were screened for oligosaccharide content using
HPAEC with two different solvents. Solvent A was the same
as that described previously (Morel du Boil, 1995). This sol-
vent has been found useful for monitoring oligosaccharides,
since most of the peaks observed in cane products are iso-
cratically eluted in less than 30 minutes. The separation of 1-
kestose and theanderose is not good, but it could not be fur-
ther improved by adjustment of temperature or solvent com-
position. The use of two columns in series or of a sodium
acetate gradient gave only marginal improvement. The reso-
lution of the 1-kestose-theanderose doublet was comparable
to that found with 10 mM sodium acetate/100 mM sodium
hydroxide (Morel du Boil, 1992), and was considered ad-
equate for both identification and measuring purposes. With
these conditions raffinose co-elutes with iso-maltotriose. Sol-
vent B readily resolves raffinose and iso-maltotriose (but iso-
maltotriose then co-elutes with 1-kestose and theanderose),
allowing the presence of raffinose to be verified. These ef-
fects are illustrated in Figure 1. The overall analysis time is
increased with solvent B. This is acceptable when ‘clean’
products such as sugar are being analysed. The sucrose ‘over-
load’ was judged to be acceptable using 0,2% sugar solutions
(20 ul aliquots). This allowed maximum oligosaccharide sen-
sitivity without totally obscuring minor peaks (eg raffinose)
eluting on the sucrose tail. The detection limit for raffinose is
about 2 ng. A raw sugar was chromatographed using the two
solvents. It can be seen from Figure 2 that an unknown com-
ponent (probably Peak 4 with solvent B) is included in the
‘raffinose’ peak using solvent A. While this illustrates the
usefulness of using two solvents, such behaviour was not
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FIGURE 1: HPAE chromatogram of known oligosaccharides using
different solvents for elution (approximately 40 ng of each).
(i) Solvent A, (ii) Solvent B. S = sucrose; 1 = raffinose;
" 2 = iso-maltotriose; 3 = 1-kestose; 4 = theanderose;
5 = 6-kestose; 6 = neo-kestose; 7 = panose.
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shown by most of the sugars. Although quite variable re-
sponse factors have been reported for different types of oli-
gosaccharide (Lee, 1990; Swallow and Low, 1990), raffinose
was used to calibrate the hplc. Some precautions and limita-
tions have been highlighted (Morel du Boil, 1995).
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FIGURE 2: PAD responsive components separated from cane raw
sugar using two different solvents. 1 = raffinose;
2 = 1-kestose; 3 = theanderose; 4 = unknown (not
iso-maltotriose).

Table 1
Oligosaccharide concentration in typical cane raw sugars
Oligosaccharide (ppm)
Source
Theanderose | 1-Kestose 6-Kestose | neo-Kestose
South Africa 135 45 60
South Africa 160 105 45 50
South Africa 155 95 115
Swaziland 165 0 0 125
Swaziland 165 70 110 190
South Africa 170 105 0 120
South Africa 170 55 0 55
Malawi 190 0 0 80
Reunion 195 70 65 115
South Africa 200 140 50 130
South Africa 200 150 70 125
South Africa 210 85 50 150
South Africa 220 120 105 205
Swaziland (affinated) 190 70 40 85
Swaziland (unaffinated) 220 115 75 110
Zimbabwe (affinated) 220 100 0 75
Zimbabwe (unaffinated) 240 70 0 95
South Africa 230 160 135 190
Reunion 275 150 55 140
Reunion 275 180 125 240
Swaziland (affinated) 290 110 0 135
Swaziland (unaffinated) 300 195 90 165
Australia (affinated) 295 50 0 55
Australia (unaffinated) 320 100 45 70
Malawi 315 270 0 125
USA (Florida) 260 220 0 225
Brazil 350 180 0 240

Oligosaccharides were analysed in over 90 cane raw sugar
samples. Some of these results are presented in Table 1. All of
the raw sugars examined contained significant amounts of
theanderose (135 to 350 ppm), while many showed trace
amounts (<50 ppm) of a peak corresponding to raffinose.
Kestose concentrations were fairly high. It has been shown
that sucrose strongly adsorbs theanderose during crystallisa-
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tion (Morel du Boil, 1995) and it is interesting to note the
similarity of theanderose concentrations in the unaffinated
and affinated raw sugars.

There was no obvious link between theanderose and dex-
tran concentrations (Table 2). Once again, theanderose was
the predominant oligosaccharide. Crystals which contained
more kestose than theanderose were generally made when
processing extremely deteriorated cane (Anon., 1994).
Theanderose apparently does not increase significantly dur-
ing cane deterioration (Anon., 1987; Morel du Boil, 1995).

Table 2
Oligosaccharide and dextran concentrations in raw sugars

Sugar Dextran (ppm) Oligosaccharide (ppm)
(Haze) Theanderose | 1-Kestose 6-Kestose | neo-Kestose
1 0 350 40 0 170
2 55 270 150 55 120
3 130 355 160 50 135
4 290 185 250 160 125
5 420 270 120 90 70
6 480 325 170 145 145
7 300 230 155 135 190
8 590 270 190 155 145

Gc analysis (Morel du Boil, 1995) confirmed that the peak
being monitored was, in fact, theanderose. Theanderose is
well resolved from the raffinose/kestoses cluster (Figure 3).
The comparison between the two procedures is shown in Ta-
ble 3.

80

80
70 |

60, ~ li

50 1

Response
S
o

30 1
204 :
1Of u‘){mL_JMALJt E
?#J UM, A B
0
Trisaccharides
-10 7 7 T T T T T
0 5 10 15 20
Time (min)

FIGURE 3: Gas chromatogram of affinated raw sugar on HP-5 (25 m x
0,32 mm x 0,52 um) at 290°C, using the splitless mode and
H, as carrier. A = raffinose and kestoses (1-, 6- and neo-);
B =theanderose.
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Table 3
Comparison of HPAEC and GC results for theanderose in raw sugar

Theanderose (ppm)
Sample
HPAEC GC Difference
(GC-HPAEC)

1 205 215 10
2 205 220 15
3 230 260 30
4 245 245 0
5 280 255 -25
6 295 245 -50
7 210 175 =35
8 225 200 =25
9 215 205 -10
10 235 240 5
11 220 190 =30
12 195 230 35
13 250 240 -10
14 275 245 =30
15 155 145 -10
16 200 215 15
17 200 200 0
18 170 145 -25
19 150 130 =20
20 220 180 -40
21 210 210 0
Mean 219 209 -10
SD 37 38 -

Affinated sugars from several factories were analysed at
different times during the season. The seasonal variation in
theanderose concentration is not large (Table 4).

Table 4

Theanderose (ppm) in affinated very high pol (VHP) sugars
during the season

Factory
Month
NB/UC 93 NB 91 UC9I AK 91 SZ91

May 350 260

June - 300 200 235
July 295 270 - 180 -
Aug 305 320 210 195 220
Sept 335 - 240 240 195
Oct 310 280 225 255 245
Nov 275 250 - -
Dec 295 275

Theanderose was also observed in all the white cane sugars
screened (15 samples, 55 to 350 ppm) (Table 5). Some white
sugars contained as much theanderose as was found in raw
sugars. Generally, the kestose concentrations in white sugar
samples were negligible, while some showed traces of a peak
corresponding to raffinose (<50 ppm).

In summary, all of the cane sugars contained theanderose
at readily discernible levels. By contrast, all the sugars known
to originate from beet showed a total absence of theanderose
and significant levels of raffinose (Table 6). The different oli-
gosaccharide profiles obtained with beet or cane white sugars
are shown in Figure 4a and 4b. Two samples, supposedly of
beet origin, showed distinct evidence of both raffinose and
theanderose (Figure 4c). However, this refinery indicated that
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both cane and beet sugars were being refined at the time
(‘personal communication).

Table 5
Oligosaccharide concentration in cane white sugar
Oligosaccharide (ppm)
Source
Theanderose 1-Kestose 6-Kestose neo-Kestose
Mauritius 55
South Africa (HR) 85
Sucrose 1* 90
Cuba 105 70 5
USA (Texas) 110
South Africa (TSB) 120 75
UK 130 10
Brazil 135 190
UK 140 105 140
UK 145 80
South Africa (HR) 145 95
South Africa (NB) 185
South Africa 220 80 90
Sucrose 2* 245 115
Malaysia 345 75
* From various chemical supply houses
Table 6
Oligosaccharide concentration in beet white sugar
Oligosaccharide (ppm)
Source
Raffinose Theanderose
Sucrose 3* 45
Italy 150
Italy 270
Sucrose 4* 370
USA (Idaho) 385
Europe 565
Europe 880
Portugal 315 120
* From various chemical supply houses
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FIGURE 4: Chromatograms obtained with Solvent A for (a) beet white
sugar (370 ppm raffinose), (b) cane white sugar (345 ppm
theanderose), (c) white sugar from a refinery processing
both beet and cane sugar (315 ppm raffinose; 120 ppm
theanderose). 1 = raffinose; 2 = theanderose; 3 = 1-kestose;
4 = 6-kestose; 5 = neo-kestose.

'M de Campos Vidal, Alcantara Refinery, Portugal
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Conclusions

Theanderose has been observed in all the cane sugar sam-
ples examined and has not been detected in any of the beet
sugar samples. The range of concentrations observed in raw
sugar is relatively small, as though adsorption might reach a
limiting level. No attempt has been made to explain the origin
of theanderose, other than to mention that it does not increase
markedly with deterioration, indicating that it could be a
natural constituent of cane. Theanderose can be regarded as
the trace oligosaccharide typical of cane sugar as raffinose
has been considered typical of beet sugar. The HPAEC analy-
sis of sugars for both raffinose and theanderose provides use-
ful complementary information for indicating the authentic-
ity of beet or cane sugar.
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