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Analyse of sugars in beer and wort using high performance
anion-exchange chromatography coupled
with pulsed amperometric detection
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Abstract The method of the simultaneous and direct analysis of eleven sugars including mon-
osaccharides disaccharides and oligosaccharides was established using high performance ani-
on-exchange chromatography HPAEC coupled with pulsed amperometric detection PAD
using an Au working electrode and a pH-Ag/AgCl reference electrode. The separation was
accomplished on a CarboPac PA-100 column by using gradient elution consisting of water 0. 25
mol/L NaOH and 1 mol/L NaAc as mobile phase at a flow rate of 0.25 mL/min. Under these
conditions glucose fructose sucrose maltose isomaltose maltotriose isomaltotriose mal-
totetraose maltopentaose maltohexaose and maltoheptaose were separated in 40 min. Then
sugars were detected directly with PAD method without any derivatization reaction and there
was no need to employ complicated pretreatment procedures to the samples before analysis.
The detection limits S/N =3 for the sugars were 13 — 88 pg. The proposed method was
applied for the determination of the 11 sugars in beer and wort samples satisfactorily with the
spiked recoveries of most sugars ranging from 81% to 107%. In addition some potential transi-
tion mechanism of the sugars during the brewage procedure can be educed from the comparison
of sugar contents between beer and wort.
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MQ- cm
1.2
! 1.2.1
20 mg/L NaN,
1 g/L
2 HPLC ° 20 mg/L NaN,
4-6 7 8-10 1.2.2
Co,
HPLC 41. 34 ~
55.12 kPa 6 ~8 psi
0.25 mol/L NaOH 50% NaOH
HPLC- 13. 1 mL 1L
ng e 1 mol/L NaAc 82.0 g
- 1L 0.22 pm
HPAEC-PAD
1.3
CarboPac PA-100
2 mm x 250 mm 2 mm x 50
HPAEC-PAD mm 30 C 25 wL 0.25 mol/L
NaOH 1 mol/L NaAc
Bt 0.25 mL/min 1
1
CarboPac PA100 Table 1 Chromatographic gradient elution conditions
1 for the separation of sugars
Time/ ¢ H,0 / ¢ 0.25 mol/L ¢ 1 mol/L c .
11 40 min min % NaOH /% NaAc /% urve
pg 0.0 40 60 0
6.0 40 60 0
81% ~107% 65.0 0 60 40 6
65.1 40 60 0 6
1 80.0 40 60 0
# Shapes of gradient curves are defined in the GS50 Gradi-
1.1 ent Pump Operator’ s Dionex Document No. 031612 Revi-
ICS-3000 Dionex sion 2 . Curve 6 is one of the four available convex curves 6
-9 with 20% change at approximately 60% of a time seg-
DP / DC ment and 70% change at approximately 90% of the same pro-
AS grammed time segment.
1.4
/ 2
30 C 2
pH-Ag/AgCl Table 2 Detection waveform for sugar detection
Time/s Potential * /V Integration
Chromeleon 6. 7 Barn- 0 0.10
stead 0.20 0.10 start
0.40 0.10 end
0.41 -2.00
0.42 -2.00
Sj 0.43 0.60
lgma 0.44 -0.10
Dionex 50% NaOH Al- 0.50 -0.10

fa Aesar 18.2

+ for pH-Ag/AgCl reference electrode.
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1.5
5 min
10 OnGuard RP 2.5 17 Rocklin 18
mL 10 mL 15 mL
30 min
6 mL
2
2
2.1 11
pK, 12 ~ 14
2.3
1 2
NaOH
OH- 0.1 mg/L 50 mg/L
NaOH 0.1 ~50 mg/L 0.1~
20 mg/L 3
NaAc NaOH 13 ~88 pg 3
NaAc 3 1
13 0. 25 mol/L NaOH Table 3 Limits of detection LOD and
linearities of 11 sugars
1 mol/L NaAc 11 LOD/pg Correlation Linear range/
. Sugar .
40 min 1 S/N =3 coefficient mg/L
. Glucose 13 0.9970 0.1-20
400
Fol Fructose 23 0.9972 0.1-20
F Isomaltose 34 1.0000 0.1-50
F 2
360 - Sucrose 47 0.9999 0.1-20
I R Isomaltotriose 56 0.9983 0.1-20
1 Maltose 77 0.9992 0.1-50
© 200 B 5
k- L ) . 8 Maltotriose 40 0.9995 0.1-20
4 3 1 1
i P | i . Maltotetraose 48 0.9997 0.1-20
i i & i i g in
. I A A Maltopentaose 68 0.9994 0.1-20
e oo A R A R
r H “ “ n ii ﬁ H ﬁ Maltohexaose 74 0.9973 0.1-20
vl nh Iy | L Maltoheptaose 88 0.9980 0.1-20
PN e el wetwenddivns rwed g
0 5 10 15 20 25 30 35 40
+/min 2.4
1 11 4 10
Fig. 1 Chromatogram of 11 sugar standard solution
1. glucose 2. fructose 3. isomaltose 4. sucrose 5. iso-
maltotriose 6. maltose 7. maltotriose 8. maltotetraose 9.
maltopentaose 10. maltohexaose 11. maltoheptaose. )
2.2 11 4

pH > 12
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Table 4 Concentrations and recoveries of sugars in beer and wort samples
Beer Wort
Sugar content in content diluted Spiked/ found/  recovery/ content in content diluted spiked/ found/ recovery/
sample/ 200-fold/ ma/L mg/L % sample/ 500-fold/ mg/LL ma/LL %
mg/L mg/L mg/L mg/L

Glucose 21.8 0.11 2.00 1.74 81 7840 3.92° 5.00 8.64 94
Fructose 17.0 0.09 1.59 1.05 61 1000 2.01 3.92 5.78 96
Isomaltose 558.9 2.79 2.00 4.65 93 186.6 0.37 5.00 5.14 95
Sucrose 172.4 0.86 2.00 2.61 87 1140 2.27 5.00 7.06 96
Isomaltotriose 66.5 0.33 2.00 2.11 89 78.8 0.16 5.00 4.97 96
Maltose ND ND ND ND ND 29650 14.82"° 15.00 28.09 88
Maltotriose 4910 6.14% 10. 00 12.31 62 8700 4.35° 5.00 8.93 92
Maltotetraose 1190 1.49% 2.00 3.13 82 5370 2.68° 5.00 7.01 87
Maltopentaose 198.9 0.99 2.00 2.84 92 2190 4.38 5.00 9.04 93
Maltohexaose 76.6 0.38 2.00 2.28 95 2000 4.00 5.00 9.34 107
Maltoheptaose 66.1 0.33 2.00 2.20 93 574.3 1.15 5.00 7.14 95

a detected and spiked after diluted 800-fold b detected and spiked after diluted 2 000-fold. ND not detected.
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Fig. 2 Chromatogram of sugars in diluted
beer 100-fold
1. glucose 2. fructose 3. isomaltose 4. sucrose 5. iso-
maltotriose 6. maltotriose 7. maltotetraose 8. maltopen-
taose 9. maltohexaose 10. maltoheptaose.
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Fig. 3 Chromatogram of sugars in diluted
wort 500-fold
glucose 2. fructose 3. isomaltose 4. sucrose 5. iso-

maltotriose 6. maltose 7. maltotriose 8. maltotetraose
9. maltopentaose 10. maltohexaose 11. maltoheptaose.

4
21.8 mg/L 17.0 mg/L
4:3:901
7.84 g/L 1.00 g/L 3

1.14 g/L
172. 4 mg/L
4~7
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0.09 mg/L

7.09 mg/L 1.73
mg/L

81% ~107% 4
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