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Modeling for Prediction of Arabinoxylans Solubilization
and Endo-xylanase Random Attacking During Mashing
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Abstract A model describing the solubilization of arabinoxylans and degradation by endo-xylanase random attacking during
mashing was developed. The model was expected to predict the arabinoxylans concentration in wort at the settings of different
initial value and mashing parameters for diminishing the negative effects of arabinoxylans on brewing. Results showed that the
modeling errors range for the final concentration of arabinoxylans in wort was — 9.5% to + 13.6% . The model prediction
accuracy for industrial scale mashing process was lower than that in laboratory scale. The errors were given 16.8% and 17.9%

respectively. The simulation results showed that arabinoxylans concentration was increased with the increase of mashing-in
temperature but it was decreased with prolonging the mashing-in time. The effect of initial arabinoxylans in malt on

arabinoxylans concentration in wort was more remarkable than that of endo-xylanase activity in grist.
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A
B 1
7 1
Table 1 The mashing profiles
Temperature
No. Mashing programme increase
rate
1 50°C/40min 62.5°C/30min 70°C/10min 78°C/12min 1°C/min
2 45%C/20min 63°C/35min 72°C/35min 80°C/12min 2°C/min
3 55%C/20min 63°C/35min 72°C/35min 80°C/12min 2°C/min
4 45°C/40min 63°C/25min 72°C/25min 80°C/12min 2°C/min
5 50°C/30min 66°C/45min 76°C/10min 2°C/min
6 50°C/30min 70°C/45min 80°C/30min 2°C/min
7 45°C/15min 63°C/30min 72°C/30min 80°C/12min 2°C/min
A 45°C/30min 52°C/10min 63.5°C/60min 76°C/10min 0.5°C/min
B 47°C/40min 52°C/20min 65°C/60min 78°C/5min 1°C/min
8 1
6 1.3
5 ~ 20min
4°C
1 DNS
1.1 Schwarz
4 Harrington 3
Kendall ~ Schooner KA4B 1.4
1.2 1
Harrington
15 8 40°C 45%C
48°C 52°C 55°C 60°C 65°C 70C 7
1~7 1 8 1
7 6 B-
1~6
Endo-xylanase g Dissolved » Denatured
in malt v endo-xylanase v endo-xylanase
| 7'y
|
Temperature fue o - - - - - - - ..I- . -— - ’!’ _______________
: !
| .
Insoluble | '
arabinoxylans | ]
Arabinoxylans €= = - I
in malt v ‘
Soluble o Dissolved - . .
arabinoxylans "] arabinoxylans > Oligo-f-xylosides
1
Fig.1 The structure of the model describing dissolution and degradation of arabinoxylans

Dashed lines stand for an influence and solid lines for mass flow.
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12000 2.0 4 Schooner Kendall KA4B
10000 80C )
= 72°C . 1.5 %
3 8000 . 3T Z Table 4 Initial condition for Schooner Kendall and KA4B
= 4 =
§ 6000757 10 %‘ malt and identified model parameter values
= 4000 £
Z 10.5 ':Ss Barley variety ~ Xo/ u/L Coa/ gL S,/ g LK S,¢/ g/l
2000 . < Schooner 104500 60.1 2721072 55.4
9 20 20 P 30 00 13 Kendall 82800 52.3 2.07 1072 48.2
#/min KA4B 65700 70.1 3.05 1072 65.9
2
17.9%
Fig.2  Predicted solid lines and measured endo-xylanase
activity m and arabinoxylans concentration a in the water _
phase for Harrington malt profile 2 9.5% ~ 13.6%
3
Table 3 The relative model prediction error between 20000 20
the measured and calculated values
78°C| -
Balfley Mashing Arabinoxyl.ans Ervor/ % 5 15000 115 E’
variety programme concentration =2 4
= <
Laboratory Calculated Measured % 10000 11.0 =
scale value g/L value g/LL = %
. ) » 5000 105 €
Harrington Profile 1 1.321 1.365 -3.2 L] -
Harrington Profile 2 1.495 1.402 +6.6
Harrington Profile 3 1.536 1.470 +4.9 0 y ’ ’ y - - - 0
0 20 40 60 80 100 120 140 160
Harrington Profile 4 1.338 1.394 -4.0 +/min
Harrington Profile 5 1.411 1.352 +4.4
Harrington Profile 6 1.480 1.321 +11.9 3 B
KA4B Profile 1 1.280 1.362 -6.0 .
. Schooner
KA4B Profile 2 1.377 1.212 +13.6
Kendall Profile 1 0.952 1.052 ~9.5 Fig.3  Predicted solid lines and measured endo-xylanase
Kendall Profile 3 1.060 L.151 =79 activity m and arabinoxylans concentration a in the water
Schooner Profile 1 1.152 1.221 -5.7 o ) .
Schooner  Profile 5 1.259 1.192 +5.6 phase in industrial experiment B
Industrial scale
Harrington  Profile A 1.011 0.841 +16.8 2.3
S¢ X .03 . .
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3 B Fig.4 Predicted final arabinoxylans concentration in wort
Schooner 65 when step-wise changing mashing-in temperature profile 1
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Fig.5 Predicted final arabinoxylans concentration in wort 0 y - -
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Fig.8 Predicted endo-xylanase activity and arabinoxylans
concentration in the water phase for the changes
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Fig.6  Effects of +20% changes in malt endo-xylanase activity
on the predicted arabinoxylans concentration in the water phase . .
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Fig.7 Effect of +20% changes in malt soluble arabinoxylans
concentration on the predicted arabinoxylans concentration
in the water phase
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