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INTERLABORATORY STUDY ICUMSA SUB.JECT 8
ANALYStS OF SUGARS IN MOLASSES

BY HIGH PERFORMANCE ION CHROMATOGRAPHY:

CA) Glucose, F..fueto'S~..!!.m1Sucrose in Cane Molasses and
{BJ Sucros~U~DdBm!Jooso in Beet Molasse~

1. PRINCIPLE OF METHOD

An anion exchange column .is used for the sepe.ration of the carbohydrates. The separation
mechanism of these columns relies on the fact that carbohydrates are complex ak::ohols that can be
ionised at high pH, The acidity of each hydroxyt group depends on neighbouring groups and different
degrees of dissociation at certain pH values. With an eluant at the appropriate pH, many sugars can
be separated rapidly by high performance ion chromatography. As the ionisation of sugars is pH
sensitive, these columns are notably more selective than the gel-based cation exchange coJumns.

The separated components are monitored by an electrochemical detector. Carbohydrates can be
oxidised readily on the surface of a gold electrode. Most sugars produce a maximum current at similar
applied potentials. This is important since the pulsed amperometric detector (PAD) is equally efficient
at detecting redu::ing (fructose and glucose) and non8reducing (sucrose) sugars. A repeating
sequence of three applied potentials for specific durations ensures that the surface of the gold
electrode remains in its original state even after prolonged use. The PAD. besides being more
sensitive, is therefore more specific than the refractive index detector.

2. \ 'MATERIALS AND EQUleMENT

Sucrose: (BOH, Aristar, Product No. 45207 or equivalent)
Glucose: (BOH, AR. Product No. 10117 or equivalent)
Fructose : (BOH. LA, Product No. 28434 or equivalent), (the three sugars are dried in a vacuum
desiccator at <W"C over phosphorus pentoxlde overnight, and stored.in a desiccator). - .. - .- .. _.--
Lactose: (BDH, AA, Product No. 10139 or equivalent) is used as the intemal standard.
Sodium hydroxide (NaOH) : (BOH. AR, Product No. 10252). (NB: Although Dionex (TN 20, March
1989) state that pellets are not acceptable, we have found that provided Analar quality NaOH is used
and the procedure described in the method is followed, pellets are perfectly acceptable).
HPIC Column: CarboPac PA1, 250mm x 4mm .
Flowrate : 1 mVmin (Keep the column at constant temperature and shiekled from draughts).

Detection: Dionex PAD-2 or equivalent
El = 0.05 E2 = 0.65 E3 ::: -O.gs
t1 = 300 t2 = 60 t3 ::: 1eo
(measuring range: 10K for PAD-2, 30K for PAD-SC)

Integrator: Typically HP3~6 or SpectraPhysics SP4400. in the Peak Height mode.

3. PREPARATION OF MOBILE PHASE FOR ANION EXCHANGE CHROMATOGRAPHY

It is essential that air (i.e. CO2) be excluded at all times, Therefore sparging and blanketing the mobile
phase with helium is necessary at ALL stages of eluant handling or preparation. Pyrex storage vessels
seem to be superior to plastic or polythene containers.

(
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3.1. Preparation at 50% NaOH Stock Solution

NaOH pellets and water either deionised (16 Mohm) or tram a reverse osmosis (RO) unit are used to
prepare the stock solution. Generally 300 9 of 50% stock are prepared at anyone time. Procedure:

(a) Filter the RO water (0.45 J1 membrane titter).
(b) Transfer 150 ml of filtered RO water into a 250 ml Schott screw cap bottle containing a

magnetic stirrer.
(c) Stir and sparge with helium for at least 30 minutes.
(d) Weigh 150 9 Analar NaOH pellets Oust before use).
(e) Add the pellets to the sparged water fairly rapidly and continue sparging and stirring until

dissolved.
(f) Allow solution to cool slightly. Remove the stirrer and sparger and close bottle.
(g) Leave the stock to stand undisturbed for at least 7 days before use.
(h) 00 not disturb the solution at any time. Always blanket the solution with helium when opened.

Pipette carefully from the clear portion. Close the bottle immediately after use.

3.2. Preparation at Working Eluant

It is again essential to exclude CO2 at all times. It is important to sparge wen with helium. On no
account should solvent be recycled.·' ._-_. -. ... -

(a)
(b)

Riter the RO water.
\Place the required volume (e.g. 2 rrtres) in a Pyrex bottle fitted with a screw cap containing
three small holes (l,e. fer the helium sparging tube, the eluant outflow line Bod a ventto ensure
constant blanketing without build-up of pressure). Sparge with helium for aboutY.30minutes.
Pipette 15.6 ml NaOH stock into 2 rrtres of the sparqed solvent to prepare 150 mM NaOH
eluant. Ensure that the solvent is sparged continuously_
00 not use more than three-quarters of the stock sodium hydroxide. Decreasing retention
times are a good indication that CO2 contamination has occurred. It is then necessary to
prepare fresh working solution and/or stock solution.

(c)

(d)

4. COLUMN REGENERATION

An example of a typical separation is given in figure 1. If retention times have decreased and/or
resolution is unacceptable then the column may need reg~neration prior to running the samples.
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Figure 1 Example of HPIC separation at sugars in cane molasses
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Disconnect and by-pass th~:PAD'ceIL Flush the column with 1.0 M acetic acid torao minut~at 1
mVmin. Follow with water for 30 minutes. Flush the column with 1;0 M NaOH for 30 minutes.• Finally
re-equilibrate with 150 mM NaOH and reconnect the PAD cell.

"J8
,""f •

5. LACTOSE SOLUTION(Internal Standard)

Weigh 8.00 9 of lactose into a 100 ml beaker. Dissolve and make to the mark in a 250 ml votometnc
flask. Store the stock solution in a refr~erator. Allow the stock solution to reach room temperature
before use.

6. CALIBRATION STANDARDS

Three calibration standards are prepared to cover the expected range for all sugars in molasses. The
rnethcdalows for the fact that users may be using either the PA0-2 (original celQ or the solvent-
compatible (PAD-SC) cells. The cells have different sensitivities, due mainly to Qifferent gasket sizes
altering 'cell geometries. The dilutions in the method are based on the following conditions:

'(a) PA0-2 cell with thk:k gasket (0.014N
, pn 036174)

(b) PAD-SC with thick gasket(pn 042311).

Before analysing the samples, run the 3 standards. If the sucrose response is NOT UNEAR, then
increase the dilution factors for the standards and samples.

6.1. Beet Molasses Standards

To avoid weighing small quantities of raffinose directly into the calibration standards, a solufun
containing 0.14g raffinose and 19.86 g distilled water is prepared. Aliquots of this solution are then
weighed into the three standards, see table below.

, S1 S2 S3
.. ... - .. -_. ..- ..- - . - - ~.

Sucrose (g) 0.25 0.30 0.35

Raffinose solution (g) 1.00 1.50 2.00

lactose (ml) 5.00 5.00 5.00

Dilute all standards to 100 ml in volumetric flasks. Sub-divide into 10 sachets (10 ml each) and freeze.
Before each run, thaw a set of sachets (S1, S2 and S3). Dilute the standards (3 ml or 1 ml to 100 ml
for PAD-2 or PAD-SC cells respectively, see section 6 for more details). Filter through 0.4~ into
autosampier bottles. Prepare two vials tor each of the three standards, plus (x + 1) bottles of S2. the
prime calibration standard, where x = no. of samples. .
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6.2 Cane ",!<?IasscsStandards

Details for the three cane molasses standards are included in the table below.

Sl S2 S3

Glucose (g) 0.020 0.060 0.100
Fructose (g) 0.030 0.070 ·0.110
Sucrose (g) 0.250 0.310 0.370
Lactose (ml) 5.00 5.00 5.00

Dilute all standards to 100 ml in volumetric flasks. Sub-divide into 10 sachets (10 ml each) and freeze.
Before each run, thaw a set of sachets (Sl, S2 and S3). Dilute the standards (3 ml or 1 ml to 100 ml
for PAD-2 or PAD-SCcells respectively, see section 6 for more detads). Filter through O.45J.l membrane
into autosampler bottles. Prepare two vials for each of the three standards, plus (x + 1) bottles of S2..
the prime calibration standard, where x = no. of samples.

7. MOLASSES SAMPLES

Weigh samples (0.7 g for beet molasses and 1.0 g for cane molasses) in duplicate into 100 ml
beakers. Accurately pipette 5 mllactose solution into the beaker and then add about 50 ml of distilled
water~ Stir to dissolve. Transfer to a 100 ml volumetric flask and make to the mark. Dilute 3 ml (PAD-
2 cell) or 1 ml (PAD-SC celQ of this solution to 100 ml in a second volumetric flask. Fitter through
0.4~ membrane into autosampler bottles. \

8. COLUMN TEMPERATURE AND FLOW RATE

The column is operated at ambient temperature. It is important to protect the column from temperature
fluctuations caused by draughts, central heating or air conditioners. Operating flow rate is 1 ml per
minute. The flow isreduced to 0.1 ml per minute when the column is not in use. Column eluant is
not recycled.

9. RUNNING THE SAMPLES

Run the 3 calibration standards first to establish the system's linearity. Replicste vials from each
sample are then run. sandwiched between vials of S2. Average response factors from the S2 vials
bracketing the samples are used to calculate sugar concentrations for each sample (eg 82. samplela.
sample 1b, S2. sample2a sampie2b, S2 etc). This process is continued until all the samples have been
chromatographed.

"

10. INTEGRATION

It is essential to use an electronic integrator in order to achieve the required precision. The peak width.
threshold settings and other integration options should be chosen to ensure that the same type of
integration is used for the sugar peaks in both the samples and standards. Integrators that store all
the raw data for a run are deal, as peak width and threshold settings can later be changed to optimise
integration without re-injection of standards and samples. Peak height quantification has greater
freedom from interference by adjacent peaks, but the baseline selection must be carefully controlled



to ensure uniformity between the standards and the samples. The dilution factor used tor beet
mola.sses samples ensures sucrose linearity. At this dilution. raffinose detection may prove difficult.
Alter thresl'"old and/or peak wk:ith to ensure that the mffinose peak is seen by the integrator.

11. EXAMPLES

Example at sugars separated by HPIC for both cane and beet molasses are given in figures 1 and 2.

12. RESULTS

12. 1. C:1Jibrntlon

Th6 internal standard technique using peak heights is used for caJibration.

12.2. Precision

Relative standard deviation (RSO) should be better than' % (typically 0.5%) for duplCate sub-samples
for sucrose; Tbe ASO for the monosaccharides shoufd be better than 2% (typically 1%). If this is rot
the case then the sample should either be re-injected or the sample preparation repeated.

12.3 Examples

Examples of the.caJculationof response factors and the amount of individual sugars in cane molasses
are irduded below.

\
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Figure 2 E.x:amplcof HPIC seoaration of sugars in beet molasses



Standard
Sl
S2
S3·

Standard
Sl
S2
S3

Standard
Sl
S2
S3

Sample 10
Sample 1
Sample 2
Sample 3

Sample 10
S2
Sample lA
Sample 18
S2

RRF for S2
RRF for S2
Average S2

% Sugar
% Sugar
Average
RSD
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Example of HPIC Calculations for determining glucose.
fructose and sucrose in cane molasses

Glucose
0.0249
0.0000
0.1057

Calibration Weights
Fructose lactose
0.0323 O. 1600
0.0722 0.1600
O.1111 O. 1600

Sucrose
0.2522
0.3159
0.3710

Sucrose
622923
773420
831392

Sucrose
1:5726'
1.5703
1.5810

Peak Heights
Glucose Fructose lactose Sucrose
588278 547586 622888 777279
566138 638006 610002 790511
5005a0 645412 572181 787413
500791 551860 620754 774527

0.4030 0.5133 1.5822
0.3900 0.5076 1.5824
0.4015 0.5104 1.5823

5.67 8.12 31.18
5.68 8.19 30.00
5.67 8.15 31.07
0.20 0.58 0.50

Glucose
244151
589539
917396

Calibration Heights
Fructose lactose
250610 621478
549802 615145
771364 566878

Glucose
0.3961
0.3972
0.4082

Relative Response Factors RRF
Fructose lactose
0.5006
0.5049
0.5135

Replicate 1
1.0504
1.0493
1.0210

Sample Weights
Replicate 2
1.1252
1.0371
1.0037
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ARpendlx 2
;v

DETAILS Rearick Tungl~hd Steinle Edye duBoil Rampha]

Column & Guard CarboPac CarboPac Carbo Pac CarboPac CarboPac Carbo Pac

Column Temperature Ambient 23°C Ambient Ambient 26°C Ambient

Flow (rnl/mln) 1.0 1.0 0.6 1.0 1.0 1.0
.,

Column pressure (pal) 1350 850 1600 1500 1400 1250 .,~<~I"'.'
;.... ',.",

.Volume lnle cte d (PI) 20 20 20 20 20 20 ~~, I~/'":,,:';'

Pump Dionex Dionex Dlonex Dionex Waters SP
.. :,.; :'::""

M·45 IsoChrom
.'.' I········,

Detector PAD·2 PED·2 PAD·2 PED·2 PAD·2 PAD·2

Range 10K(nA) 10pC 10K(nA) 30pC 10K(nA) 10K(nA)

Integrator HP 3396 (II) Dlonex Apex Chrom Dionex HP 3396 HP 339B
AI·450 AI·450

Autosampler Waters 717 Dlonex GPM· Micro- SP SGE SP
II meritics

, 8800 LS3200 8800

Integration mode Area Height Height 'Height Height Height



23
Appendix 2, Continued

HPIC conditions of participants
I

I DETAILS DERUY HOEBAEGS PARSLOW' L1EKEA JEKOT
I

Column CarboPac CarboPac CarboPAc Car,boPac Carbo Pac

Column Temp 25°C 40°C 25DC 20DC Ambient

:
flow (rnl/rnln) 1.0 1.0 1.0 .1.0 1.0

Column pressure (psi) gOB 1100 1490 1520' 1100
i
! Volume In/ected(pl)' 50 100 50 20 50
i
I

Pump Dlonex ' Dionex Dionex Dionex Dionex;

! GPM·2 GMP
!

Detector PAD·2 PED'1 PAD·2 PAD·2 PAD·2

I Range 3K(nA) 10pC 10K(nA) lK(nA) 30K(nA)

Integrator Shimadzu Shimadzu Drew Chrom Merck Dionex
ICAIB CR·4AX Data Sys 0·2000 AI 450,

Auto eumplo r . Gilson Dlonex Olonex SP Dlonex
231

..- BBOO

Integration mode Height Height Height Height Height
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-Appendix 3

Raw·Dala for sucrose In cane molasses by HPIC
1993 ICUMSA collaborallve study

., :':;::
'$~niples '1..;..>

Labs A 8H 8 A

Lab1 30.58 30.45 30.41 30.57 29.98 29.99 30.88 30.80 31.83 31.51 33.13 33.01 31.17 31.27 29.95 30.45

Lab 2 31.00 31.02 30.81 30.78 30.88 30.92 31.45 31.15 33.11 32.83 34.30 34.05 31.51 31.51 31.06 31.48

Lab 3 31.20 30.91 31.35 32.05 31.11 30.88 31.59 31.39 33.49 33.26 34.78 34.63 32.34 32.37 31.32 31.46

Lab 4 31.42 31.99 31.15 31.44 31.00 31.18 31.62 31.67 32.11 32.42 33.39 34.23 31.15 31.56 31.21 30~96

Lab 5' 30.57 30.65 31.09 31.31 30.63 30.39 31.00 31.39 32.37 32.79 33.25 33.44 31.93 31.60 30.61 '3Q:47

Lab 6 31.72 32.13 31.26 31.08 30.55 30.84 31.54 31.41 32.27 31.99 33.99 34.02 31.79 31.62 30.53 .,30.79
. •.•. 1

"","

Lab 7 30.88 31.27 30.75 31.79 30.39 30.42 30.74 31.58 32.63 32.82 33.45 33.77 35.86 35.80 30.68 . 30.9,4.

:30.85
. ,'.

Lab 8 30.99 31.04 31.34 31.40 30.88 31.47 31.33 36.78 37.05 33.89 .33.56 32.15 31.96 34.44 34.60

Lab 9 31.84 31.44 30.62 31.46 31.00 j 30.51 30.79 30.90 29.99 29.97 33.88 25.51 31.52 30.96 25.74 28..98

Lab 10 31.56 31.02 31.12 30.74 30.50 I 30.49 31.14 32.08 32.18 33.56 33.37 31.35 31.46 30.50 30.40;30.85
",.

31.,0~Lab 11 31.41 30.82 30.89 30.89 30.69 :30.96 31.03 31.53 32.26 32.76 33.09 33.37 31.39 32.24 30.10
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Appendix 4

Row Dolo tor glucose In cone molasses by HPIC
1993 ICUMSA collaborative study

Samples .:~.:::;,:,i :!;;j;:';";ji::./.~i ,:,.;. :;,;i
li;:J~%mlln~=-~::.;:~ :' ,&,~:5"i!,,:i,:~':)~!' " ~. . 7 8

.. " ····.·:If'f;'':!! n;flf::;!*ii'!iii'i·; 'f:·;;;>~;:;'··.!!!i .:iiii!;':};; , ~Labs ... 'A," 8 A :. ""'8 A 8 A 8

La/) 1 4.10 4.07 3.95 3.95 4.36 4.32 4.16 4.13 1.72 1.75 2.41 2.42 4.11 4.13 2.96 2.97

Lab 2 4.18 4.23 4.06 4.06 4.48 4.48 4.21 4.16 1.76 1.69 2.41 2.44 4.06 4.05 2.96 3.00

Lab 3 4.14 4.21 3.81 4.20 4.19 4.05 4.10 3.88 1.69 1.79 2.41 2.64 4.12 4.35 2.94 2.98

Lab 4 4.39 4.35 4.39 4.19 4.43 4.42 4.32 4.33 1.79
,
1.74 2.54 2.52 4.27 4.29 3.24 3.16

Lab 5 4.23 4.25 4.15 4.12 4.54 4.61 4.28 4.25 1.78 1.73 2.45 2.52 4.14 4.21 3.09 3.14

Lab 6 4.25 4.33 4.06 4.12 4.39 4.34 4.18 4.23 1.71 1.73 2.43 2.46 4.17 4.22 3.02 3.00

Lab 7 4.43 4.57 4.28 4.28 4.32 4.57 4.55 4.67 1.87 1.87 5.94 5.97 4.33 4.29 3.03 3.08

Lab 8 4.30 4.31 4.02 4.10 4.46 4.32 4.28 4.28 2.24 2.26 2.51 2.45 . 4.21 4.28 3.89 3.86

Lab 9 4.57 4.43 4.17 4.30 4.60 4.58 4.38 4.41 2.92 2.91 4.49 8.25 4.37 4.31 2.78 3.15

Lab 10 4.50 4.49 4.38 4.31 4.58 4.62 4.47 4.40 1.92 1.93 2.71 2.69 4.38 4.39 3.17 3.15

Lab 11 4.15 4.13 3.95 3.93 4.30 4.20 4.17 4.03 1.72 I 1.63 2.44 2.31 4.13 4.06 2.92 2.82
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--Appendix 5-
Raw:Oata for fructose In cane molaases by HPIC

1993 ICUMSA collaborative study

Samples .,1

Liibs A·· B

Lab 1 6.82 6.86 6.85 6.96 7.02 6.75 6.76 5.93

·:'·';~iii~}i::e 7 ').:'jl;::: ..:.:8
j::J 1. :1;:! '~.; k: :: .:A .:.. s·?'i;;.e;'i)i:;:;

5.91 5.'9.6 5.94 6,22·· <:,·:S!b.8·'6,15

6,03 6.26

6.82

7.18

6.94

6.78

6.93

7.02 7,35

6.93

6.89

6.98

6.77

6.95

6,97

7.50

6.91

6.99

6.99

7.26

6.95 7.13· 7.11 6.80

7.30·' 7.06

7.02

7.18

7.05

7.37

6.69

6.70

6.67

7.05

6.71

7.11

6.69

6.61

6.71

7.26

5.87'

6.33

5.77

5.77

5.84

6.09

5.83

6.20

5.73

5.70

5.86

6.16

5.87

6.25

5.80

5.70

5.84

8.14

5.87

6.38

5.83

5.88

5,80

8,37

Lab 8

Lab 9

Lab 10

Lab 11

Lab 2 6.02

6.55Lab 3 7.55 7.33

6.12Lab 4 6.87 6.94

6.01Lab ~ 6.90 7.10

6.13Lab 6 7.07 7.12

6.43Lab 7 7.29 7.20

6.97 6.97 7.08 7.04 7.09 7.19 6.83 6.70 6.50 6.60 5.64 5.83 6.28 .. 6.836.11

7.14 6.90 6.82 7.08 7.09 7.05 6.66 6.69 6.16 6.09 6.89 6.66 6.13 6.01

6.98 6.97 7.04 7.00 7.10 7.14 6.76 6.67 5.76 5.79 5.97 5.94 6,09 6.19 6.22

7.00 6.95 7.07 6.90 7.32: 7.02 8.78 6.56 6.07 5.73 5.60 5.68 6.34
..'




