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Improvement of beer foam stability via the inhibition of malt lipase activity
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White foam is one of the characteristics of beer quality. Here we investigated a method of improving

the foam stability focusing on malt lipase. The various properties of the malt lipase were first studied :

the optimum temperatures were 40C and 60C and the optimum pH was at 5. Next, chemicals including

some food additives were tested as to their inhibitory effect against the malt lipase. As a result, cetilistat,
which is a pancreatic lipase inhibitor, and tea catechin products (POLYPHENON, SUNPHENON) were
found to exhibit marked effects. When these inhibitors were added to the brewing water in the mashing

process, malt lipase activity was suppressed and the contents of free higher fatty acids including linoleic

acid in the wort significantly decreased. The contents of free fatty acids also decreased in young beer and

bottled beer. The head retention time of both ale type and pilsner type beers increased about 10 % with
the addition of POLYPHENON to the brewing water in the mashing process as compared to that of beer

without the addition.

Key words : ¥ — ) (beer), {8 (foam), %3F Y /$—+¥ (malt lipase), £F 1 A& v + (cetilistat), &% F*

v (tea catechin)
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Fig. 1 The light transmission apparatus
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Fig. 3 Influence of reaction temperature on the malt lipase activity
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Table 1 Conditions of the lipase activity inhibition test with cetilistat

. Volume of Volume of . . Addition amount
.. . Concentration of Reaction Reaction .
Origin of lipase enzvme enzyme soln.  buffer soln. temp.(C) q of cetilistat soln.
Y (mL) (mL) b b (mL)
microbe 50mg/50mL 1 3 50 7 1
malt (extract from 15g malt) 4 0 50 7 1

ok
[

o]

o

E-3

NaOH(mL)

L

Titration volume of 0.05M

=]

No addition Addition No addition Addition

Microbial lipase Malt lipase

Fig. 5 Influence of cetilistat addition on the lipase activities
Each measurement was made without any blank under the conditions shown in Table 1.
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Table 2 The content of free fatty acids in the wort(ale type)

No addition

Addition of cetilistat

Components identified Peak area Relative value = Peak area  Relative value
of TIC to LS. of TIC to LS.
1S. 1,016,277 1 612,086 1

Caproic acid (C6 : 0) 49,721 0.049 19,970 0.031
Caprylic acid (C8 : 0) 15,881 0.016 N.D.
Capric acid (C10 : 0) 34,840 0.034 N.D.

Lauric acid (C12: 0) N.D. 14,810 0.024

Palmitic acid (C16 : 0) 760,324 0.748 445841 0.693

Oleic acid (C18 : 1) 65,043 0.064 118,354 0.193

Linoleic acid (C18 : 2) 227444 <sz0202) ND. (0%)

Sum of relative values L135 0942

(100%) (83%)

TIC =Total Ion Chromatogram, 1.S.=Internal Standard, N.D.=Not Detected
The values in parentheses indicate the relative % to the sample with no addition.
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Table 3 The content of free fatty acids in the young beer (ale type)

No addition

Addition of cetilistat

Components identified Peak area Relative value  Peak area  Relative value
of TIC to LS. of TIC to LS.
1S. 811,488 1 997,222 1

Caproic acid (C6 : 0) 123,219 0.152 107,012 0.107
Caprylic acid (C8 : 0) 360,051 0.444 218,631 0.219
Capric acid (C10 : 0) 21,315 0.026 409 0.000
Palmitic acid (C16 : 0) 183,847 0.220 195,207 0.196
Sum of relative values 0842 0523
(100%) (62%)

TIC =Total Ion Chromatogram, LS. = Internal Standard, N.D.= Not Detected
The values in parentheses indicate the relative % to the sample with no addition.

Table 4 The content of free fatty acids in the bottled beer (ale type)

No addition

Addition of cetilistat

Components identified Peak area Relative value  Peak area Relative value
of TIC to LS. of TIC to LS.
IS. 1,100,080 1 983,860 1

Caproic acid (C6 : 0) 136,976 0.125 107,132 0.109
Caprylic acid (C8 : 0) 431,884 0.393 327,694 0.333
Capric acid (C10 : 0) 30,142 0.027 5,796 0.006
Palmitic acid (C16 : 0) 317,278 0.288 128,824 0.131
Sum of relative values (8680302) (06'33/3 )

TIC =Total Ion Chromatogram, L.S.= Internal Standard, N.D.=Not Detected
The values in parentheses indicate the relative % to the sample with no addition.

Table 5 Gaseous pressure of the bottled beer
(ale type)

Gaseous pressure
(kg/cm® 20C)
3.0, 34
32,25
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No addition
Addition of cetilistat
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Table 6 Head retention time of the bottled beer (ale type)

Sample Head retention time (sec.) Standard  Coefficient of

P 1 2 3 4 Ave. (relative %) dev. variation (%)
No addition 30 42 36 53 40 (100) 9.8 24.4
Addition of g0 o0 145 g3 116 (289) 25.1 216

cetilistat

The retention times excluding the maximum value and the minimum value are shown.

Titration volume of
0.05M NaOH (mL)

0 1

2 3 4

Amount of malt powder added (g)

Fig. 7 Influence of the amount of added malt powder on the lipase activity
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Influence of the amount of added cathechin solutions on the lipase acitivity

Table 7 The content of free fatty acids in the wort (ale type)

No addition Addition of POLYPHENON
Components identified Peak area Relative value  Peak area  Relative value
of TIC to LS. of TIC to LS.
1S. 26,306,806 1 29,976,833 1
Palmitic acid (C16 : 0) 7,663,383 0.291 4,737,829 0.158
Linoleic acid (C18 : 2) 6,994,910 0.266 3,548,655 0.118
(100%) (44%)
Sum of relative values <&)5050/2> %(Z)Z/f )

TIC=Total Ion Chromatogram, IS. = Internal Standard, N.D.=Not Detected
The values in parentheses indicate the relative % to the sample with no addition.

Alcohol content (%)

E118 H F 8

4.5

A F e
35 |
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Fig. 9 Time course of the fermentation (ale type beer)
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Table 8 Analysis results of the bottled beer
(ale type)

Addition of

Analyzed items No addition

POLYPHENON
Alcohol content (%) 36 41
Bitter unit 30 28
Gaseous pressure 20,22 99 97

(kg/cm® 20T)
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[R) 7/ ] HFIMCE) 2=y 4 TE—- LT
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Table 9 Head retention time of the bottled beer (ale type)

Head retention time (sec.)

Standard  Coefficient of

Sample

1 2 3 4 Average (Ralative %)  dev. variation (%)
No addition 157 174 166 (100) 120 73
Addition of 173 198 186 166 181 (109) 142 78

POLYPHENON

The retention times excluding the maximum value and the minimum value are shown.
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Fig. 10 Time course of the fermentation (pilsner type beer)

*: Relative amount compared to that used for the ale type beer
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Table 10 Analysis results of the bottled beer (pilsner type)

. . Addition of POLYPHENON
Analyzed item No addition x5 the amount®  x10 the amount™
Alcohol content (%) 3.9 39 3.3
Bitter unit 214 234 17.0
Gaseous pressure 99 18 99

(kg/cm® 20T)
Head retention time

0/ * %k
(NIBEM method, sec) - (100%)

139 (56%) ** 280 (112%) **

* ¢ Relative amount compared to that used for the ale type beer

** : The values in parentheses indicate the relative % to the sample with

no addition.
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